Material Sciences %1%}, 2026, 16(4), 110-117 Hans X
Published Online April 2026 in Hans. https://www.hanspub.org/journal/ms
https://doi.org/10.12677/ms.2026.164078

DyHoErTmE & & RIHA LA A M sEW

Z o, BEM, BEUE, REM42, e

TR RE TR R R S TR AR, Y095 A
RUIR| IR NC7/FEE P B | A S A

it

Woks H . 20264F3H8H: FHEM: 20264F4aH1H; KA AAHM: 20264F4H13H

HE

SEMEABRESHARIEREERE, EHRSAMKAFEEARNEER. KREMHBEREMER
HREN. KRR SR BREIIME, NESBARETEEM AR, et BT R BN
ZRARTH . RELHUEAMHCERARBX BB R, ETAERXRE. WiFEEKT
e, R LSRN, BRARR . ASCRAEIE GRS % T DyHoErTm=E &4, AT
HAHR. HREHABEAATIT N, 5 TR T, ZE5E&RRUAETN8.63 J-kg-1K-1, XHIEIHER
1£841.4 J'kg!, FERERXUHIRFREE RIFHINHEES.

e 45

DyHoErTm, %mé’ﬁv @ﬂ‘ﬁ%’ @iﬁ’fﬁ, Eﬁ%ﬂ“/’%

Study on Phase Structure and
Magnetocaloric Properties of
DyHoErTm High-Entropy Alloy

Kai Fang}, Siyu Chengl, Zhenghuang Tang?, Dewei Zhao?, Yanyan Shao!*

1School of Materials Science and Engineering, Nanjing University of Science and Technology, Nanjing Jiangsu
2College of Physics, Hebei Normal University, Shijiazhuang Hebei

Received: March 8, 2026; accepted: April 1, 2026; published: April 13, 2026

Abstract

Hydrogen, as a clean carrier to replace traditional fossil fuels, is a crucial pillar for building a
green and low-carbon energy system. Low-temperature magnetic refrigeration technology, with
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its advantages of high energy efficiency, low energy consumption, and environmental friendliness,
offers a transformative solution for hydrogen liquefaction. The development of high-performance
magnetocaloric materials has become key to overcoming the bottleneck of this technology. Although
various magnetocaloric materials have demonstrated excellent performance in different tempera-
ture ranges, the common issues of narrow operating temperature ranges and poor adjustability se-
verely constrain their practical application, demanding an urgent solution. This paper reports on a
DyHoErTm high-entropy alloy prepared by arc melting, investigating its phase composition, micro-
structure, and magnetic phase transition behavior. Under a magnetic field of 5 T, this alloy exhibits
a maximum magnetic entropy change of 8.63 ]J-kg-1-K-1 and a relative cooling power of 841.4 J-kg-1,
indicating promising potential for magnetic refrigeration applications in the liquid hydrogen tem-
perature range.
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Figure 1. (a) Rietveld refinement patterns of XRD for DyHoErTm alloy; (b) Lattice parameters a and ¢ of DyHoErTm and
GdDyHoErTm [10] alloys

[# 1. (a) DyHoErTm &% XRD ¥ 1£Ei; (b) DyHoErTm 5 GdDyHoErTm [10]|8&M&EEH o F ¢

Table 1. Lattice parameters electronegativity, atomic radius, and valence electron concentration (VEC) of each rare earth
element; Lattice parameters of DyHoErTm obtained by XRD refinement.

F 1 BRI ENRRSY, B, REFEEMNETFRE; DyHoErTm §& XRD BB I2RSEIESH

JRF a(A) c(d) CEN/R JRF 12 (pm) PrH TR VEC
Gd 3.6340 5.7810 1.20 180.20 3
Dy 3.5920 5.6500 1.22 177.30
Ho 3.5780 5.6180 1.23 176.60 3
Er 3.5590 5.5850 1.24 175.70 3
Tm 3.5380 5.5540 1.25 174.60 3
DyHoErTm 3.5625 5.6137 - - -
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Table 2. Mixing entropy ASmix, mixing enthalpy AHmix, melting point 7m, Q parameter, atomic radius difference J, and elec-
tronegativity difference Ay of the DyHoErTm alloy

Alloy ASmix (/k mol)  AHmix (kJ/mol) T (K) Q 3 (%) Ay

DyHoErTm 11.53 0 1490 o0 0.49% 0.0112

A F o e R S S EEYEAACFE R, nTRUTE SRS DyHoErTm & E 42 % 6. IREK
AHwi S HHIBEGAE, W3R 2 Fin. DyHoErTm &4 B ASmix A1 AHmix 53734 11.53 J/k mol F1 0 kJ/mol.
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Figure 2. SEM image and corresponding elemental mapping images of the DyHoErTm alloy
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Figure 3. (a) Thermomagnetic curves of DyHoErTm and GdDyHoErTm alloy under an applied magnetic field of 0.1 T; (b)
ZFC-FC curves of DyHoErTm and GdDyHoErTm [10] alloy measured under an applied magnetic field of 0.1 T
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Figure 4. (a) Magnetic hysteresis loops of the DyHoErTm alloy measured at 10~200 K, the inset shows the M-H curves near
the phase transition temperatures; (b) Arrott plots of the DyHoErTm alloy measured at 10~200 K
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Figure 5. (a) Thermomagnetic curves of DyHoErTm alloy under applied magnetic fields of 0~5 T; (b) Magnetic entropy
change curves of DyHoErTm alloy under magnetic fields of 0~5 T, the outermost red curve represents the magnetic entropy
change of GdADyHoErTm [10] alloy under 5 T
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Table 3. Maximum magnetic entropy change (ASwm), relative cooling power (RCP), and peak temperature (7peak) of selected
rare-earth high-entropy alloys under a magnetic field change of 5 T
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5% ASw (J-kg™-K™) RCP (J'kg™) Tpeak (K)

TbDyHoEr 6.7 1049.22 150
GdTbHoErLa 5.92 390.72 127
GdTbHoErLaY 5.85 245.7 120
GdTbHoErPr 6.92 498.24 135
GdErHoTb 48 627 137
GdTbHoErY 5.4 453 120
GdDyHoErTm 75 1100 80
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