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Abstract

Accompanied by the discovery of multi-component alloys, investigations into their magnetic proper-
ties have gradually emerged in recent decades. In the study of magnetic multi-component alloys, a
key scientific question remains unanswered: What is the relationship between high configurational
entropy and intrinsic magnetic interactions? To shed light on this question, this paper analyzes the
critical exponents of the equiatomic multi-component alloy FeCoNiMn across the ferromagnetic-par-
amagnetic transition. The results show that the critical exponent y of FeCoNiMn is close to that of

EIREE

NEF|H: 24, EEM, £8, FEICIT. FeCoNiMn £ AT & & IIBLIEIR FAT MBTTLD]. #EHRLE, 2026, 16(5): 156-
166. DOI: 10.12677/ms.2026.165110


https://www.hanspub.org/journal/ms
https://doi.org/10.12677/ms.2026.165110
https://doi.org/10.12677/ms.2026.165110
https://www.hanspub.org/

EEA A

the 3-D Heisenberg model, while f is significantly higher than that of any classical model. Atomic site
disorder in multi-component alloys slows down the establishment of magnetic order, which is a key
factor leading to the elevated 8 value. Combined with other studies on the magnetic critical behavior
of multi-component alloys, this work suggests that a high f value is a common feature of multi-com-
ponent solid solutions with random atomic occupation.
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1. 5]
ZATTE A 21 A RIMRSUR A AT AR, T 21 HZLHIH Yeh 55 Cantor RN H[1]

[2]. ZHITE B ML CRALRE FH D BE(AS g, ) BEFRIEAN:
AS_ 5. = —Rx, Inx; €))

config —

][l

o, x, ARRER | P TTHIBE R 8. W AS, g, BB TREMS G & P DAEERIARS Y, TR AR
FERDIRERIETAMRHA R E2UE T E IR . AT A0, IR, ZHETEETRB AW S5 T
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REHOCRIERZHICEEEH 3d DIESIRE 4/ M 10K ([7]-[12], XEETTERIME H EAHE . K,
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GJE - FHRICE S G S PSRBT WL MARAS S AR P B R A R R, GESE T R A A
TEAERE AP FR[13]-[15]; Huo 55 AEM @i & &k R bt R I 1 RN 11]. AR LIRHE
FOKN 2 HICE S WL R ST e MEEAT 1438, B S 250 5 S HEAH AR 2 B K R At 4?7
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2. #mibl &S5RI

A HTE 5T FeCoNiMn, (x = 0.4, 0.6, 0.8 £ 1) & FF i 38R H WK-IT B = U R R Sl %, A
FA BRI 5T 99.9 wt.%[1) Few Co. Ni 1 Mn HUfi . FEANRIHI S0 Z: (1) RIEEARSHE LR
B, AEHBRBTELN 16g, BT EIEBISHEAL; (2) HECL 148 FERHICE T 815 17K A 4
W, R NSRS s S 2 5 Pa, Bl R N M 2B SO B 2 D IRE S 2 Ik, DARHE
B Ss ) FIAS FRERESEME 3 x 107 Pa, BERBEAEN NSRS, HE 75 R#1E-0.05
MPa; (4) ISR 1 08 IS RS, RIS IRA ST (6 5E 3~4 I, LI R I 4 16 4
BRI S): (5) WENEHUHBEEE . B KFRRD IR MR T RS ARG PIEmAZ 1073 K, &
24 /NEHE AR E R .

ASCKH Bruker-AXS D8 Advance B X 5 28 A7 SO FE S A TR S5 A RAE o MAFE F N 5 mm x 5
mm x 0.5 mm P F; H A REA & 7. FHEIEN CuKa S48, HH#IPK N 0.027, WA 20
VG LN 20°~80°. M5 %K : FeCoNiMn, (x = 0.4, 0.6, 0.8 F1 1)Ff 5 ELAG 10 3L 7 S AR 45 # (45 A
R, 504 3CHkES F—#[7] [8] [22]. ASCHFIFA FEI Quanta 250F 37 & S 14 Fi 1 5 8 (SEM) X i
SRR AT ROLIN, BT EE S N B3R 5 mm x 5 mm x 0.5 mm #F . AR 7400-S BUARENEE SR T
MEREYE, FAFESN 1 mm x 1 mm x 1 mm FIARAESL 7 AREUA, THRRRE R E N 3 K 8.

3. FeCoNiMn ZAT A EHHFEMREIRFITA
3.1. FeCoNiMn &€& Sri1 sE

E 1A 2 Rl IR T #4S FeCoNiMn B ‘K # FeCoNiMn [ SEM UM IE S K it 7 ARk . 1E
%74 FeCoNiMn 1, Fe. Co. Niv Mn Wt &wEHAI 5040, WA HImME . XEREES FeCoNiMn »&H
RO T S E AR . B K, FeCoNiMn MM SRR R At il % RAEW B0, #&
B IR K AR BN 2238 AR AR T Co 7. 07 AH B AR i 259 282 JE 9 T 0 S7. 7 AR IR B, 3B K A5 1) FeCoNiMn
T B ST T R I B A . EZ 0B e, RRITRNRINA B 220G s A g i R fe, &
B T ARAE . 100: 78 FeCoNi HYR &4 N Al £ S B0 B Ak 25 46 [ 44 003 7 8538, NN Si 43
FEEE RN EE AT 7]. 5 Mn F1 Cr 2 REAZ 1) AL 1 B Oz 7 S5 R R FR I U 48
JLE . R, FeCoNiMn R $F B — 0o 5L 5 4544 o

Figure 1. Morphology (a) and element distribution (b) of as-cast FeCoNiMn
[ 1. $575 FeCoNiMn B 5R(a) LA R TR 37 (b)
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Figure 2. Morphology (a) and element distribution (b) of annealed FeCoNiMn
2. JRA7S FeCoNiMn B 5(a) AR TTER 5376 (b)
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FeCoNiMn, [ & FLIEEEIZHT N4, B x=0.4 FI&ET 700 K BEE x =1 FMET 400 Ko X2 FA Mn B &
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Figure 3. Thermomagnetic curves of FeCoNiMny (x = 0.4, 0.6, 0.8 and 1) alloys
3. FeCoNiMn;x (x = 0.4, 0.6, 0.8 1 1)& & RIMFEEhLZ

3.2. A 5IRAA FeCoNiMn MG RITH

N T #8578 FeCoNiMn, £ 4 o6& & FIREA BAEFNLE], ASCRIHAEIE Arrott HIZEIE(MAP %) A

Kouvel-Fisher (K-F)i% i 12 % 45 M B ‘K45 FeCoNiMn FIIG F-Fa %0, I+ F A5 5 218 46 56 Bir 3R I -4 200
1B
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FERZAESANAL I, AN AR I 57 DX R B A R B S AT 0 ARIEAR LB R, X FkA—
PAAERIA R HRFEIRT Tl My T Te FIPIIRTHEAL R B 4" YLLK Te ALRIREALSRE M 3 2 00 T

JiE:
M, (T)=lim(M)=M,(~¢)" .6 <0 @)
)(OI(T):HE})[%j:F(g)y,g>O 3)
M =DH%,£=0 (4)

Holt, Moo TR D AT FARIR: & 5 SN (T—T.)/T. s Bv y B0 6 MUEHE To M AT MR T
ST AR AR, AT T MAP HEGR(S), 3t a A b 98B0 %5 45 FeCoNiMn (1
WHIEEHEAT T 3004
1 1
(Ejy ol oyr (5)
M T

c

BEABOT, YRR FAE R AP 5345 8 (8= 0.5, y = 1,6 = 3)81 3-D iR B AL (B = 0.365,
y=1.386,5=4.8). f£ 3-D IFFREHRA MR EH, A BN S HEEN B R EMABAER; METY
BRI Gh, BA B e S B Hofth B e A 807 KAEA EAER . A5 L, 3-D g ERAFIT 1
FEETR 43 590 5oF N JRy i 5 S R o 1] 4(2) NS4S FeCoNiMn 7E T M (300~330 K) &5 i rA AL B 28 ,
4(b) N5 HXT R Arrott BI(M2-H/M, & 2 TP 534 B8 MAP #i2R), 14 4(c) vEET 3-D AR R A5
BIHIM)" 5 MP IR RE RHERG), HM)Y 5 MPEIRENAE Te it 20— K5I EZL, H Tc
Wb R B S I R . SRTAT, AL 4(b)RTE] 4(c) T RT LABH R, X Se 2R R IE RIS R . X R B
FeCoNiMn PN (I RGAE ELAE AR & G ML) 3-D AR BRAR AL A 2437 5 78
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Figure 4. (a) Isothermal magnetization curves of FeCoNiMn alloy; (b) Arrott-MAP; (c) Relationship between (H/M)"036> and
171386

[&] 4. (a) FeCoNiMn & £ RIS BHAMLERLZE; (b) Arrott-MAP; (c) (H/M)"0-365 5 pf1/1.386 3£ 2

DNFRAFUER I FARE, AKX M AME 2 MYP FI(HIM)' B, SRAS-F- B R i M A
2o M8 SREERRQFRG)T M A gy BTG, IWTASRH B Ay B, SEHAXSERER
B Ay EEVEF IHM)-MP LR f)n, EEXAEMRERE, HEFERER B y M Tefl. 1 5a@)h
BAAFRNI M, DI ! SRR R 24 Te=311.396+0.168 K if, £=0.895+0.022; 24 Tc=310.294+

DOI: 10.12677/ms.2026.165110 160 PR R


https://doi.org/10.12677/ms.2026.165110

EEA A

0.232 K i, y=1.386 % 0.017. fi XL FEMERIEH/M)" 5 M R EWE SR, BraBEZL
FHESPAT, HIREST 311 K MELES RS,

35
(a) y=1386z0.017 |8 451(b)
3.0t T.=31029420.232 | | a0l
{14 a 35t
25} - g
— —_—
= {12 E e030F
= 2.0 Y =
£ 10 & g 25¢
@ ) o
~ 1.5} - {8 © ~20F
- f— =
= =
Lol 16 =< = 15}
. ) 2
B = 0.895:0.022 4 10 -
05F T, =311396x0.16
K 2 st
0.0 L L A L L L L A L i 0 0 L 1 1 1 1 1 1 1
300 302 304 306 308 310 312 314 316 318 320 0 20 40 60 80 100 120 140 160 180
T(K)

(H/M)Y (Oe-g/emu )7

Figure 5. (a) Myand y," obtained based on MAP method; (b) Modified Arrott plot (relationship between M"# and (H/M)'",
where § = 0.895, y = 1.386)
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Figure 6. K-F curves of as-cast FeCoNiMn alloy
& 6. $57s FeCoNiMn & 4 K-F gk

N IAE FIR By Te BRI, A SO K-F 735 E i 7852 FeCoNiMn Kl e 4. H
#& K-F J7f%:

DOI: 10.12677/ms.2026.165110 161 PR R


https://doi.org/10.12677/ms.2026.165110

EEA A
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dM (T)/dT B

(6)

7! (T) _T-Tc
dy, (T)/dT ¥
Ll M, /(dM, /dT) 5 T UK ' [(d ' /dT) 5 T HI R E RS 4 BITHE 1B A1 1y (R2E); B 47
B SR T M2 ST USR] Te. [EHMBRIN By 1 Te, BIEEFTTIRG), HEEZSRE, HRIERE
W8 14 6 9 K-FiE3R13HI M, /(dM, /dT) 5 T LUK ;(gl/(d;(; /dT) 5 THIRRE. stk p=03887+
0.033, Tc=311.391£0.183 K; y=1.383£0.036, Tc=310.794 +0.252 K. iXLgs R E5{FH MAP 15153
(G S48 HOAN e BLIGRE (B2 AR ) & 1
seAh, (R InM-InH #ZNAE Te kb RN 16 IEZ. B 7 82 FeCoNiMn i InM-InH
Mk, P ok, HXH N RE N 311 K, 5 MAP Ml K-F A 3R Te —58. @it
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Figure 7. InM-InH curves of as-cast FeCoNiMn alloy (the straight line at 311 K is highlighted in red)
& 7. 75 FeCoNiMn B InM-InH BiZ8(311 K M E LRI EREER)

A5 BB TG SRR T ARG, BAPER TR AT LR s
M(H,g):gﬂfi( " j ®)

e’ +y

S, (T > Te) B f~(T < Te) RETE MM, SERDHE A — HRELHRIE 5 XU m = 57" M (H,¢) » {57
SESUAH =He P, K@) LASUE -
m=f¢(h) 9)

XEWHm G h IR RERNZH—NP&GE 2, — 20N TIRE ST T, ms—2%0 M
TRERT TertER. HH =0.895+0.022. y=1.386+0.017 fil Tc=311K ZH m 5 h 1% R E W
Kl 8(a)Fime AR T To MIRAG T G358 hr A — k. DM AUHR 2 AR08 52 BUH — I S 3OIUE VS
FEIECR, BEEE Te 2% AR B ATy +10% W . 9 13— DIREIR a8 T IHERAYE, A SCRA T
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Figure 8. (a) m-h curve and (b) m?>-h/m curve of as-cast FeCoNiMn

& 8. $575 FeCoNiMn Hi(a) m-h BRZE AR (b) m>-h/m BhZ%

N T HEFUIR KX FeCoNiMn BETEIG FHAT MMM, ARSCIE T8 K4 FeCoNiMn R ITZE, JFAR
PEATSCHTR A EEA TS T TR A e B RV L 9). 1B K FE FeCoNiMn 1) Tc i 311 K FB#
£ 239K, {HIEFAEE B Um0k 0.801, HiB KA Y. 1B KT Te FEAKATBEAE PN 778 BRI 25

3.3. FeCoNiMn &€ 5 £ EHIHLEI

% 1 VL& FeCoNiMn FIls FHaE DL A J LR 28 SRR [ B iR . 5 FeCoMnCr, Z5fl, FeCoNiMn ] y
FEIT 3-D HEAREEARTY, (H B AR —Fh & s A

Table 1. Result data of standard test systems

%= 1. fERIE ARG REE
2 4y Bl B y SR
8 PR 0.5 1 [23]
3-D AR RAR A 0.365 1.386 [23]
AT AR 0.325 1.24 [23]
=4 XY A 0.345 1.316 [23]
. 0.895 + 0.022 (MAP) 1.386 £ 0.017 (MAP) .
P
#54 FeCoNiMn 0.887 +0.033 (K-F) 1.383 + 0.036 (K-F) AT
, . 0.80 1+ 0.045 (MAP) 1.796 £ 0.018 (MAP) .
<7 ?§
JB KA FeCoNiMn 0.801 % 0.025 (K-F) 1.796 + 0.125 (K-F) ABETE

FEH FeCoNiMn 37, LS5 Z5 M R IR SR AR TSP I o RSO 3 A A R S R 2 A
“ () ET RS AL SBUR AR R K . EASCHI R Z Hot &, Feo Cov Ni 5 Mn [l
HLI A7 3 BUR T [ A2 #0952 L8 2 A s () S e SRR A A Y ARS8 20 O AR RBIR T 1 e ek bl
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Figure 9. (a) Isothermal magnetization curves of annealed FeCoNiMn; (b) Msand y, ! obtained based on MAP method; (c)
Modified Arrott plot (8 = 0.801 £ 0.023, y = 1.796 + 0.016); (d) K-F curves; () m-h curves; (f) m>-h/m curves

& 9. (a) FBAZS FeCoNiMn RISRHIILERZE; (b) BT MAPERBIIMS 4" (o) 1EIEM Arrott HIZXEI(S = 0.801 +
0.023,y=1.796 £ 0.016); (d) K-F BHZk; (e) m-h BiZk; () m>-h/m BHLX
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4. BESRE
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BRL(B=0.365), RIAZHIGE S A T EHEE R E PR SO F . 1B IEESBUR 7 S H
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