¥ 1B ¥ Acta Phys. Sin.

Vol. 71, No. 16 (2022)

167501

HoCoSi f27% #mz 104 [ S M AR R

KD A RERD XEED G
P éﬂémlm HEZY RS

1) CRERHE R MR 5 TRSRE, K 030024)
2) CRIFERHRS, ILTG4E REF I AE AR R H R 52803, KR 030024)
3) (PEFBEBEYEPISTAT, dLaT 100190)
(2022 4F 4 J1 13 HYE); 2022 4F 6 J 28 HULEIB )

Rl V2 B AR 1) & 8 LR T R A0S A R B ST T Jg . He ) ELAG 4% ) S R KO 6 e BT DL T i
RERIAFA, A ) T v 5 B0 R B T Ak AR SO T PR HoCoSi th A I G | 18 IR, T2 16 45 1) 5+
PE.FE T, = 5.7 K DL T (KR, HoCoSi PRys iy B ml Fn g iE g E e 77, BEE R E M T+, 76 Te =13.7 Kb &k
T EkRE (FM) 2IRE (PM) i 2 AHZE. XRD Al SEM # /R i HoCoSi FA FEAL U . A T 35 K Mg #ag
ﬁﬁ%mhﬁnﬂimﬂz‘%rﬁuﬁéz%aﬁzﬁmﬁ M, X§ 10 m/s F HoCoSi RV 75 #3717 F1 2 5 21K 7y [ i) i L

T8 BE BRI 0% S5 TR G A R R IR AT 40T, IR TR T R I B R AR R YA BE T TEAMNEE w0 H = 0—5 T M5 78
ﬂcﬁj‘ Tl AT AT LR 7 8] B 5 K R A AE-A Sy 205K 22 T/ (kg K) #1112 J/ (kg K); #2871 RC (RCP)
I35 360 (393.8) J/kg I 160 (254.4) J/kg, W] 10 m/s B HoCoSi P P 5 B A7 1l FARE 7 A1 B 55 1) 1% 4%

T S P, A B S B2 e o G i V2 B A

KR WEPL, RETRIR AR, RERAR
PACS: 75.30.Sg, 75.50.Bb, 75.50.Cc

1 5 =

T IO B4 T Ve B A A AT R AR
BT 2 8 E 1) N FHIEE ) —FopT BV BOR.
SRS R REFE L ANPROR 1 M TR 4 1l v B AR AH
P, BV HoAR BA R nT AR A BEIRR S AT,
I HAR T 2SO R REM RN ik 2 — 12,
Forp, AR BE RV PR AR RSB A2 5 2577 THI
PASCEAT T2 BT R B4, JEHER AR, FR[E]
TEARIGL Y B | BT T2 A R 25 i R 48 40 e i
B, TS R ORGSR K BN TR TR A

DOI: 10.7498/aps.71.20220683

R IAEE, P BAT RIRAR AR A RE PR R E )32
P =L R v B A ) S e 5 o7 FH Ok T R A v
FHRHERER AR i, o 1 1 AL 3 H 4 A {1
TR, BREH AR IR REAR AR BT 204 e
Py BRAILHR , 3 AR I 72 1 ¥ F A ) AT B
SEPRTE S,  EL BER S BEAY K R HA 2
e S -9

@ﬁ}j‘xﬁimj’bféﬁfm S 3 A s AR
SMEEG T BOREE PRI B B A B G, R Ve
PR EERY. T A RAF A% TR, AL EH
HIAR B R PEANTE PAERE, 10 EEHRE H v LA 1
P YHTRESS BOR BB J7 5 20 N Gk

P S SRR BRI E (IS 2021 L304), KERHE R RIHE 234 (HEHES: 20202022) SR8 AL
B (U5 20212002) FIRDIL T ARZEMBHE SN TSR E ZCE SRR E (S 2022-KF-32) BEAIAY IR

t BfE1E#E . E-mail: zongshuotong@tyust.edu.cn
©2022 HEHEFS Chinese Physical Society

http://wulixb.iphy.ac.cn

167501-1


http://doi.org/10.7498/aps.71.20220683
mailto:zongshuotong@tyust.edu.cn
mailto:zongshuotong@tyust.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 71, No. 16 (2022)

167501

AR (I Fo s IR R SC ) RN RE S e e v
FAR (fefE e R Nl BERe R SC ). o Z R
BN Y BB T 34K — SRR AR A IR
AF 30 308 Ao it fon SRR 1 3 5 | 1) RS AU () 6
Ak, PRI I VA R T B A ST AR R A T
it sl B8 H W 3 ) A 1. 2010 4F ) Nikitin 55 [10]
3B T NdCojs Bt HLAT 0 AL B % 55 sl 5 | S 1
A 1) SRR, $8 T T T i v He AR R Y
B B ER T 0 v B A 1 SR P AT 45 1) 5
PRGN RGP PORME RGBT i, i LATE
INETERZAT, /INET . B, ARAAAE RS TV O,
ThyoGdy 512, CrI;lBl, CryX,Teg (X = Si, Ge)l4
B AN Y TR S N RS T Y T
A EL B b 55 5 R VB AR RN A 2 ) il £ 1228, R
2 AL B 0 I B I B 5 R K 118 0 45 1) S T
A3 EUA AT R (I H B R SR 2 i il
B, KT L A WA 1) S R AN 4 A
KARIEW ER 2, B GRARE H He5
o LA AR e i 2 Tk B TiNiST B 25 #4) /) DyNiSi
F1 HoNiSi Z it fb G HRAT T R R 1510
AN, JEFS T4 4 AlFe,By Fe80 H K 19 28 1R 4 1]
S PERE TR 0T AR SRR A A LA (R IR AR AR Y
HoCoSi 1t& ¥ 5 DyNiSi, HoNiSi J& T [F & k&
Y, A AR A4 0] S RGO, AR LR
B AR IR AR 8 B (120 {H2 U
A AR 2D, A SCIIR R A S IIY
A HoCoSi Jie F PRty I e P R 25 [ e k.

S n ()
8 = — f
2(-) 4.0 6.0 80
20/(°)
K1 (a)—(
n FRF 4R 1T )

K L B o i 4 22 HoCoSi #55E , 4Rk
SFERTBYLEFEERTE 99.9% LI b, [RIE 2 3% 1)
Fiitoo &, PR TAEE 3 IR, SRJGHE 850—900 °C
TR 7 d 5 AR K B Z IR B AT R F ik
WA BN FEEE T N, 2.5 ¢ IBRIREE S 543 311%
FH 5 m/s, 10 m/s, 15 m/s, 20 m/s (535 FAF, 1
AR 435 3 1 200 S5ORRE [ o AE o ety 1,
4% BIHER BRI IR th , %o Ak AT Y S5 AR 43 )
WEATEERIRAE. S T Z MR R PR %o R P I 8 e
PSR, AEBORH ] i FEL 3 T A [] Sty 1) v JR 5 43
FEVIRIE I, R bRiC b A5 B 0E 7 TE AR i B S5
i, SRJE R D R PR U R v A SR ST Y 1
i SHPRR S Ry /NS D A, FERE KT T i — Bt [
Je R A T R )

fm AR 2844 1 {8 B T Bruker D2PHASER
R X SPERAT SN, it RIER L E QD AFK
SQUID VSM HIgg I & R 45

3 EEREHiTH

&l 1(a) #1 (b) 4350 5 m/s, 10 m/s, 15 m/s,
20 m/s 1) HoCoSi PRI 1 F Hh I A58 I g 4>
LMY XRD Bl (FAAR A fi, n ARG ).
Z R XRD Wl & R W32 J5 19 HoCoSi PRI
BRA IE A2 (% TiNiSi BUZ5#4) (25 I HE A Pnma62).

JA = ®
o T T | \
iu-ll ll“A .AAALM eI N

(200) |
(211)

- _____? (d)
ML.AL .
T

20 40 60 80
20/(%)

d) A3 A 43008 5 m/s, 10 m/s, 15 m/s, 20 m/s [ HoCoSi PR 7E H Hi T AW 5 1 A9 XRD B (483 H i,

Fig. 1. (a)—(d) XRD patterns of the HoCoSi fast quenched belts at 5 m/s, 10 m/s, 15 m/s, and 20 m/s on the free surface and the
roller surface (f represents the free surface and n represents the roll surface).
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Fig. 2. The temperature dependence of magnetization in
ZFC and FC mode for HoCoSi of 10 m/s under the field of
0.01 T, and the corresponding ZFC first derivative curves
are shown below. The 1/x-T curve of ZFC was displayed in
the insets. The solid line to inverse susceptibility shows the
Curie-Weiss fit.
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Fig. 3. The magnetization isotherms of 5 m/s, 10 m/s,
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tion of 10 m/s HoCoSi was displayed in the inset; (b) T =
17 K.
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Fig. 4. The magnetization isotherms of 10 m/s HoCoSi
taken in the direction of H parallel to textures (a) and H
perpendicular to textures (b); (c) the magnetization as a
function of rotation angle at 5 K in the magnetic field of
2 T.
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*1
Table 1.
magnetic refrigerants for AugH =5 T.

10 m/s T HoCoSi b &3 M MIRER SO — L it B Y ApoH = 5 T BIA HT S EIRIRBE R AR

Magnetocaloric parameters for the 10 m/s HoCoSi compounds and some recently reported promising cryogenic

Compound Ty /K |ASE|/(J-(kg'K) ) STFWHM /K RCP/(J-kg ") Refs.
HoCoSi(parallel) 13.7 22 17.9 393.8 This study
HoCoSi(perpendicular) 13.7 12 21.2 266.4 This study
Er,Ni, ;Gay 5 41 15.7 18.3 254.4 [26]
PrFe,Si, 8.5 6.4 17 ~100.8 [27]
NdFe,Si, 15.5 12.4 11 ~116.3 [27]
GdFe,Si, 8.6 23.25 9 276.56 [28]
GdyZnMnO; 6.4 15.2 14.9 226.2 [29]
HoyZnMnOyg 6.8 13.2 18.7 246.5 [29]
Ho,CrMnO 6.1 8.8 22.0 193.7 [30]
EryCrMnOg 5.2 10.3 14.2 146.0 [30]
Er,CuMnOg 3.6 9.9 19.7 195.9 [31]
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Abstract

The performance of magnetocaloric effect materials is one of the key factors restricting the development of
magnetic refrigeration technology. Materials with anisotropic magnetocaloric effect can be used in the rotary
magnetic refrigeration technology, which is beneficial to the simplification of refrigeration devices. In this work,
the magnetic properties, magnetocaloric effects, and magnetic anisotropies of rapidly quenched HoCoSi
compounds are investigated. At low temperatures below T, = 5.7 K, the HoCoSi ferromagnetism and helical
magnetism coexist. With the increase of temperature, the HoCoSi undergoes a second-order phase transition
from ferromagnetic (FM) to paramagnetic (PM) phase at T = 13.7 K. Both XRD and SEM show that the
HoCoSi has a preferred orientation. In order to obtain a large magnetocaloric effect and to determine the effect
of preferred orientation on magnetism and magnetocaloric effect, the isothermal magnetization curves of the
10 m/s —HoCoSi fast quenched belt in the directions of H parallel and perpendicular to texture around
the Curie temperature are analyzed. The corresponding magnetic entropy change (— ASy) and magnetic
refrigeration capacity (RC) are calculated. Under the magnetic field changing from 0 to 5 T, the value of ~ASy; is
22 J/(kg-K) in the direction of H parallel to the texture and 12 J/(kg-K) in the direction of H perpendicular to
texture , and their corresponding values of RC(RCP)are 360 (393.8) J-kg! and 160 (254.4) J/kg. The value of
—ASy reaches 12.5 J/(kg-K)even at ugH = 0-2 T in the direction of H parallel to the texture. It is obvious that
the 10-m/s-HoCoSi fast quenching belt shows a large low-field magnetocaloric effect and obvious magnetic

anisotropy, which is expected to be used to realize the magnetic refrigeration technology of rotating samples.
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