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Fig.1 XRD patterns of Ho,NiSi, alloy prepared by methods 1 and 2 at room temperature

1 Ho,NiSi, &1 5%

Table 1 Atomic occupancy information in Ho,NiSi, alloy
Prepared by method 1 Prepared by method 2
Atom Position X y z Atom Position X y z
Hol 4c 0.38009 1/4 0.44257 Hol 4c 0.38047 1/4 0.43989
Ho2 4c 0.05357 1/4 0.37542 Ho2 4c 0.05323 1/4 0.37362
Ho3 4c 0.21467 1/4 0.69645 Ho3 4c 0.21244 1/4 0.69623
Ni 4c 0.13839 1/4 0.13241 Ni 4c 0.13326 1/4 0.13324
Sil 4c 0.48467 1/4 0.68088 Sil 4c 0.47921 1/4 0.67726
Si2 4c 0.30474 1/4 0.00637 Si2 4c 0.29564 1/4 0.00199
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Fig. 2 M-T curves(a) of Ho;NiSi, alloy measured by ZFC

and FC methods, and temperature differential curves(b) of

magnetization under different magnetic fields (ZFC)
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Isothermal magnetization curves and Arrott images of Ho,NiSi, alloy under magnetic field of 0-7 T: (al) M-H

curves at 2-26 K, (a2) M—H curves at 29-77 K; (b1) M?—~H/M curves at 2-26 K, (b2) M?~H/M curves at 29-77 K
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Fig. 6 —AS,,—T curves of Ho,NiSi, alloy under 0-6T magnetic field change(a) and schematic diagram for calculation of

relative refrigerating capacity(b)
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2 Ho,NiSi, 5HIMASIR FEAE 40 K /e A5 AR & 5 AR IRS AL RIAF 0 1) 452 0 B2

Table 2 Comparison of main parameters of Ho,NiSi, with corresponding data of representative refrigerant materials with

magnetic transition temperature around 40 K

Material T., T/K -AS,,,, at 0-5 T/(J-kg " K™) RCP at 0-5 T/(J-kg™") Ref.
ErCo, 7.=35 33.0 270* [7]
Ho,NiSi, 7.=37 12.7 336.5° This work
DyMn,Ge, T, =40 13.4 214% [13]
Gd,Al T =44 72 290* [14]
Dy,Co T, =44 13.9 498 [15]
Dy,Co, sSn, s T, =42 23 150% [16]

* Values are estimated from temperature dependence of —AS,, in the reference literature, A is contribution of FM-PM transition

RLf)(S,+S,) =275.4 J/kgs 1E0~6 THidH T, FHRNH,
- AS,, =35.1 J/(kg'K), T,~109 K, T,~79.7 K,

C

(S,+S,) =358.5 J/kg. HHULTT RN, SKHIXFROTIETH
EI’JRCPE-E/J\$J:|—ASM|dTiJrﬁEl"J1Eo Rk,

(2]

[3]
(S,+S,) {1 K /1N 3k % 7R Ho,NiSi, & 4 ) RCP ¥4 # A%

o BT VR B B2 2K MR B9 RCP A5 #8530 — 25
Wit

2 HIH T Ho NiSi, Al H At — o jf 3 AR 5 FE 7
40 K 72 47 (B8 f EM-PM B8 [y o, il (Y
B, BEAEE SR AL THk, Ho,NiSi, th A
4R SRR R .

3 i
[5]

1) Ho NiSi, & & AFE WM IE W HAHAR, B T=
12 K ¥ E e 5 5 R #5748 il T,=37 K [ — 2% FM-PM
FAR, [FIIS AT AR R HogSi, A4 40 512 (1 —AN7E 39 Kt
AT ) S REAR AR

2) R S #EH 7 AS (R AHAS . FM-PM G
75 TP A AHAR M 51 RS I BUEIE-AS, - TS, 1E
ST FPoAE T AT, =572 K TAEIR X o

3) FEO~5F10~6 T &, T M AR KIE-ASy
G A 12.7 W(kg K) 1 14.9 J/(kg'K), FM-PMAHE (5
FEALI RCP 43 B W34 375.5 T/kg 14431 J/kg.

4) HoNiSi, & & B AR R #E e, HEETE
40 K 7r A5 PR 1174 sk A 45 21 S o

(6]

(7]

(9]
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Studies of phase, structure and magnetic property in Ho;NiSi, alloy

CHEN Xiang' 2, WANG Jing', WANG Xiao-yu', LIU Li', XIAO Yang', TAN Wen-bin'

(1. College of Physics and Electronic Information Engineering, Neijiang Normal University,
Neijiang 641100, China;
2. Ames Laboratory, U.S. Department of Energy, lowa State University, Ames, lowa 50011-2416, USA)

Abstract: In this paper, the phase, structure, magnetic transformation and magnetocaloric properties of Ho,NiSi,
alloy were studied based on XRD patterns, isothermal magnetization curves and constant magnetic field variable
temperature magnetization curves. The results show that there are obvious differences in the content of the second
phase Ho,Si, and the atomic occupation of the main phase in the Ho,NiSi, alloy prepared by different methods.
There are two magnetic transitions in the Ho,NiSi, alloy at low field. One is spin reorientation transition with 7=
12 K, and the other is ferromagnetic paramagnetic second-order transition with Curie temperature 7.=39 K. In the
isothermal magnetization process, there is a phenomenon of magnetic field induced magnetic spin reorientation
ferromagnetic state transition to normal ferromagnetic state. Therefore, in the magnetic entropy change (-AS,,)-
temperature diagram, there are two peaks of magnetic entropy change in the same direction near T, and T,
respectively. Under 0—5 T magnetic field, the maximum magnetic entropy change of Ho,NiSi, alloy near 7, and
T, can reach 5.3 J/(kg'K) and 12.7 J/(kg-K), respectively. Due to the contribution of two kinds of phase
transformation magnetic entropy at different temperatures, the cooling temperature span of the alloy increases
effectively, and then shows a great relative cooling capacity (RCP). The cooling temperature span and relative
cooling capacity of Ho,NiSi, alloy are 57.2 K and 375.5 J/kg, respectively.

Key words: Ho,NiSi, alloy; magnetic transition; magnetocaloric properties
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