Material Sciences #1#}R}2%, 2025, 15(7), 1506-1511 Hans X
Published Online July 2025 in Hans. https://www.hanspub.org/journal/ms
https://doi.org/10.12677/ms.2025.157160

Mn-Fe-P-SiEf 14 7 8 i tH T A8 &L
R BERT R

lé]ﬁ;’k’ )él%ga % ﬁa é*%j]a '%1’;%*
B B RS AR R 5 TR B, YLI5 M

Weks H . 202546 H11H; FAHHM: 20254E7H17H: KATH: 20254E7H25H

R

MR RAERL. (RBEFRE. (RBRIREMB, (EABRERBIVERHR I EF TR, PR
RE B A% R 48 OB SEBLRE B ¥ TR TA2AU LA B LR D o SR, B RERARLE AT BRI J5 <5
R R T AR /N S RE BRI BIRER, R T HSERRN A . AR SR A ISR, S
W56 AR AC B 75 75 I Mn-Fe-P-SiAt B B NE B HIZn, #& T AR & €. EBEME T EME.
XTI IRBIFE MR TS, TR RAERE B B BB AR5 REAHZRAT N A R R R
BEAN B E B ZnX Mn-Fe-P-Siflkil 4 M RAEZ M. RAB/HSR, HERRTTEERERE,
TN, FIRRFFBOAHAEEE, AR THOBE = RS R .

XK ia

Mn-Fe-P-Sik & &, WHMEE, TRBHR, BtEREE

Study on Phase-Transition Modulation and
Magneto-Thermal Properties of Mn-Fe-P-Si
Based Magnetic Cooling Materials

Zhubing Yan, Jingwen Zhou, Yong Gong, Gaoli Zhong, Xuefei Miao*

School of Materials Science and Engineering, Nanjing University of Science and Technology, Nanjing Jiangsu

Received: Jun. 11%, 2025; accepted: Jul. 17t, 2025; published: Jul. 25%, 2025

Abstract

With its high energy efficiency, low energy consumption, low carbon and environmental protection
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advantages, magnetic thermal effect, as an innovative alternative to the traditional vapor compression
refrigeration, the development of high-performance solid-state refrigeration system has become the
core breakthrough to realize the engineering application of magnetic refrigeration technology. How-
ever, the inherent thermal hysteresis and other problems of existing magneto-thermal materials
seriously affect the magnitude of their magneto-thermal properties and the efficiency of energy ex-
change, limiting their practical applications. In this study, alloys of different compositions were pre-
pared by doping appropriate amount of Zn into Mn-Fe-P-Si materials by arc melting, copper mold spray
casting and heat treatment. With the help of scanning electron microscope, X-ray diffractometer, vi-
brating sample magnetometer and other instruments, the microscopic morphology, crystal structure,
magnetic phase transition behavior, and magneto-thermal properties of the samples were charac-
terized in depth to study the effect of different doping content of Zn on the phase transition of Mn-
Fe-P-Si magnetic cooling materials. It is finally concluded that its temperature adjustment can be up
to near room temperature, reducing thermal hysteresis while maintaining a large magnetic entropy
change, which is favorable for the application of the material in room temperature magnetic refriger-
ation.
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HAT, BT 2R R4 ER A B MO 1], TEiR RN T2, H= A
VIt e R R Z A AT % . 1987 4, BEE (GERFURBCES) MER, AMBA)(HFCs)FIE
FK(HFEs) CE B2 BUE N A& I T & AR, FTHA . B oo ts e i 7 i Bk & 4 55 J7 1,
AR T DR AW s 1) 4 R 1 7 e B T X PR 358 7 AR ARO[ 2] 0 Bl A A BRAGAE S IR I RF SR INAR, IR A
58 U i R A AR B AR T SR R T R . A SCHTIT AT R A AR e e R T A

X B H AR B TR A A R, RIRE AN (Magnetocaloric effect, MCE). 4]
Warburg T 1881 R I, FRIMNHEPER BIEHE37 AL AT 72 A2 A8 sl B A 14 . Debye Al Giauque 43 7
MASTF 1 BE AR 7 MCE PR, 4R H 7 A 240 AR Rl ot 2 o ik BB AR 1 SEBR B o B AN TR N 1)
AT, WEARPELR AT ERe k. MRAEHE. (R SR IR 3, HEHIA R EIE R IEIERT 60%,
FN T AR AR T BAE G AR B A 178 B TTVE[31-(7]. TIRIEAE R BE IR RE 3 <6 © Ry SR ]
AR IS B R0 T

HAET, % WA =IEEEA MR EES: Mt48E Gd BEHIATIES]. La &8 KA SR REH A4
BHON A5ERH BUREHIAFTRI1010L % FeoP A4 [11] [12]. Hrf, Mn-Fe-P-Si & R 414 R B B REHL
Ri(GMCE), ReBACHdm, HAG—Emy, nfiEaem Tl&RMIR, KA ELbRR s, A
53R, Mn-Fe-P-Si &4 S0 = RMEHIS, @ 8RR A 2] M Mn/Fe ELAT P/Si ELIIAT DA
TZA R JE B Te AR /N, (RIX IR PRI RIEYE, T BRSSP AR AR 1 o

2. 506
PR 4ETE K (>99.9 wt%) N ERE, 7RG T SR FIIUE 24 B T (Mn, Fe), 95(P, Si)Zn, (x =0.05,
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0.1, 0.2 G 4o H & SHE RN B TUR CLERIES SV, SR G W86 B B AN 4 mm HHIER F .
FIHE S HURIE 5 AKIEVLO60STH) T % Bk . MR HER R S5 HN, BESEEZ I 4
/NP N EE TR 298 K THEE 1173 K, FEELIR BRI 24 /N 5E A . J 20 il R RIER A\ VKoK
TRE KRN TL, WNIAEE B R BB G N RN ) .

il £ SR AT I I S AE AT B IERAE, R X 26T 54X (X-ray diffraction, XRD, Bruker-AXS D8
Advance) 7 588, SR E 20 8 20°~90°, KK 0.01°, (58 2 s; i 3 R 534 B 1 55385 (Scanning
electron microscope, SEM, Talos F200X)#EAT WO JE 3 LA, FFifid e 73 411X (Energy dispersive spectrometer,
EDS)#lFE e R oA tE i, R IEhAE i 50 1H(Vibrating Sample Magnetometer, VSM, Lake Shore 7404-S)
WA SR SRR R, s KA 3 T, MR EETEE Y 90~400 K;  FHE LAY &
Z4i(Physical Property Measurement System, PPMS){3 = & K HE g3z 7 T, \EEEVERY 2~400 K.
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Figure 1. Room temperature XRD diffractograms of (Mn, Fe)1.95-x(P, Si)Znx (x = 0.05, 0.1, 0.2) and Zn-

free original compositions
B 1. (Mn, Fe)ros—«(P, Si)Znx (x = 0.05, 0.1, 0.2)57F Zn [RIGA 7T BIZE IR XRD 15 E

K 2 JE7R T (Mn, Fe)ios<(P, Si)Zny & & 7E 1.5 T W35 N IR SRE - IBEM-T) R R M. WHid 2
FE BRI 2 150 K JFRRGE 300 A et iniids, FadkAT FhRE i u &, DS A 78 70 I (A9 45 A A2 B 4k 58 1
SRR, Zn BRRENRS SEESAREE B, 485E x=0.1 0, HBRERAEL 285K, &
iR =R BRIz A, ETE R FTA RS B M-T SR E A, RS T 3 IS A7
fE. HBEE Zn SEIIIGKR, & &M 2D ER MBS, M x =081 262 K FEE x =0.1 K
1) 24K, FEIEHIE 100%. 24 x dE—P % 0.2 B, #WiiRImEK, Btk x=0.1 B #uink 25 /ME . [,
JE R Te B Zn S 2NN RFSEA &, B x = 0 B 195 K A2 x = 0.2 B 324.8 Ko Te A3
BRI Z Zn B5] N8 FeoP AHI S M SEL ¢ /b, AT T Mn-Fe J5 72 BBk IEAH BLAEFH . 25 L,
Zn BAEAE 0.05 £ 0.1 XA, AI7EA R0 Mn-Fe-P-Si MRHE BRI FIR, B2 ARG

AR, BAERE SHRE S UIADE, WM/, BEFERUER/DN, BRIk BRI LS s . it
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Figure 2. M-T curves of (Mn, Fe)1.95—«(P, Si)Znx (x = 0.05, 0.1, 0.2) and Zn-free original compositions at

1.5 T in the external field
& 2. (Mn, Fe)1.05x(P, Si)Znx (x =0.05, 0.1, 0.2) 57 & Zn [RIERKR 57 FE5MF 1.5T B M-T BiZk
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Figure 3. Scanning electron microscope (SEM) map and elemental distribution (EDS) of (Mn, Fe)1.95—«(P, Si)Znx (x =0.05, 0.1, 0.2)
3. (Mn, Fe)1.95«(P, Si)Znx (x = 0.05, 0.1, 0.2) #9434 8 (SEM) Bl FI TT E 5 % (EDS) &
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Figure 4. Isothermal entropy change curves of (Mn, Fe)1.9s«(P, Si)Znx (x = 0.05, 0.1, 0.2) and Zn-free original composition
series alloys under 1.5 T magnetic field changes, respectively
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