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Fig. 1. Crystal structure models of Ni-Mn-Ga ternary alloys with specific composition ratios, where Mn! and Mn? represent Mn

atoms of original sites and those occupying Ni or Ga sites, respectively.
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Table 1.  Crystal lattice constants of austenitic and martensitic Ni-Mn-Ga alloys with different Mn-rich compositions.

Austenite Martensite

a/A b/A c/A a/A b/A c/A

NigMn,Gay (z/y = 0) 5.809 5.809 5.809 5.322 5.322 6.919
Ni;Mn;Ga, (z = 1) 5.800 5.800 5.800 5.314 5.314 6.908
NigMngGay (z = 2) 5.785 5.785 5.785 5.300 5.300 6.891
NigMnsGagz (y = 1) 5.818 5.818 5.818 5.331 5.331 6.931
NigMngGa, (y = 2) 5.828 5.828 5.828 5.340 5.340 6.942
NigMn;Ga, (y = 3) 5.834 5.834 5.834 5.346 5.346 6.949
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Fig. 2. Total magnetic moment of alloy and magnetic moments of Mn and Ni atoms as a function of composition in austenitic and

martensitic Nig ,Mn,, ,Ga, (z = 0, 1, 2) and NigMn,, ,Ga,, (y = 0, 1, 2, 3) alloys.
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Fig. 3. Total density of states and partial density of states of each elements as a function of energy in austenitic Ni-Mn-Ga alloys.


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
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 75, No.1(2026) 010707

—— Total —— Ni —— Mn! —— Mn? Ga

50

a0l ®
30t
201
10t

—10 F
—20 F
—30 F
—40 F

DOS/(states-eV~1)
DOS/(states-eV—1)

NG
0 fee SRR WA n %
|

DOS/(states-eV~1)

-6 -4 =2 0 2 4 6

0 2 4 6

DOS/(states-eV~1)
DOS/(states-eV~1)

—10}+
—20}
—30}
—40F
—50

DOS/(states-eV~1)

-6 -4 -2 0 2 4 6
Energy/eV

Energy/eV

0 2 4 6 -6 —4 =2 0 2 4 6

Energy/eV

B4 ORI RS LE B S TR Ni-Mn-Ga 5 42 9 5 24 95 B A0 4% T 3 25 0 BE B RE 1 A0 8 F G R

Fig. 4. Total density of states and partial density of states of each elements as a function of energy in martensitic Ni-Mn-Ga alloys.
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Fig. 7. Magnetization of austenitic Ni-Mn-Ga alloys with different compositions as a function of temperature under selected magnet-

ic fields, where Mg is the value of saturated magnetization.
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Abstract

This work investigates the magnetocaloric effect-based green magnetic refrigeration technology, with a
focus on Ni-Mn-Ga Heusler alloy as a promising magnetic refrigerant candidate. To elucidate the role of Mn-
rich composition in regulating the magnetic and magnetocaloric properties, a multi-scale computational
approach integrating first-principles calculations and Monte Carlo simulations is adopted. This method enables
a detailed analysis of how Mn atoms occupying Ni and Ga sites influence the microstructure, atomic magnetic
moments, exchange interactions, and macroscopic magnetocaloric response of the alloy. The results indicate that
Mn site occupancy critically affects the magnetic performance: the occupation of Ni sites reduces the total
magnetic moment and Curie temperature, thereby reducing the magnetic entropy change; in contrast, Mn
occupying Ga sites significantly enhances both the total magnetic moment and the magnetic entropy change.
Notably, the NigMn;Ga,; alloy achieves a maximum magnetic entropy change of 2.32 J-kg!* K'! under a 2 T

magnetic field, which significantly exceeds that of the 95

stoichiometric NigMn,Ga, alloy. Further electronic o Ni
structure analysis reveals that Mn content variation 2.0 f :ﬁg;

modulates the density of states near the Fermi level = ,v/ & ] O Ga
v
N . N . X 15y
and optimizes orbital hybridization and ferromagnetic 5 Y 999, o NigMn,Gay
exchange interactions, thus adjusting the magnetic i+ Lo AAAA v o’ %, | 2 NigMnsGa,
L. . L . s 1O0r o A %" v NigMn;Ga,
phase transition behavior. Critical exponent analysis = 2 o 'v %
) A8 10009°° AAA Yy, %,
. . . . . )
confirms that the magnetic interactions are inherently < 00000 A 87 Yy, %9,
T os7 27Ty, 9

C

compositional changes. By establishing a clear

9,
long-range and tend toward mean-field behavior with dﬁé;gf AAAXXAXXXXXXXXM;;:;;

“composition-structure-magnetism-magnetocaloric .
. 400 500 600 700
this
T/K

performance” relationship on an atomic scale,
work provides theoretical foundations for designing

high-performance, low-hysteresis magnetic refrigeration materials.

Keywords: Ni-Mn-Ga alloy, magnetocaloric effect, second-order magnetic phase transition, Monte Carlo

simulation
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