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Fig. 1. Calculated total energies of Ni;FeGa, ,Zn, (z = 0, 0.25, 0.5, 0.75, 1) as functions of lattice constant. Here Zn (C) and Zn (D)

indicate that Zn enters the C and D sites, respectively.

137101-3


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

¥ 1B ¥ Acta Phys. Sin.

Vol. 70, No. 13 (2021)

137101

NisFeZn XA
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CCD/10-2

NipsFeZn L2,

& 2 NigFeZn &4 XA(Z) M L2,(F) 45 7€ (110) 17 LAY 22 53 ¥ fof 25 BF
Fig. 2. The charge density difference on the (110) plane of Ni,FeZn alloy with XA (left) and L2, (right) structures.

F 1 HHAMFH NiyFeCa,_Zn,(z = 0, 0.25,
0.5, 0.75, 1) A 4 3777 B [ 1) - T 5 4L a,
EINAE By FRETESEL

Table 1.  The calculated equilibrium lattice con-
stant a, formation energy FE; and magnetic proper-
ties of NiyFeGa, ,Zn, (z = 0, 0.25, 0.5, 0.75, 1) al-

loys in cubic austenitic state.

P 000 025 05 075 1.00
a/A 576 576 575 574 574
E/(eVLuw) 075 -0.64 -054 -043 —0.34
M,(np/fu.) 340 350 3.61 3.72 3.82
M/ g 016 020 025 030 035
Mo/ p 311 313 315 316 3.17
Me/u ~0.03 -0.02 -0.01 0.00
My, /i — 006 -0.06 -0.05 -0.04

Heusler 4 H 1 FOAARFHAE W] LAIE o3 7Y 77 W
8 )5 Heusler G4 1432 GV GE f AR fR R S50 281, 2
TR, 3 AR AR F S SR AR H FGAAAH
1) i SRR R AN A, X2 Heusler BIRETEIEAR
WCICE e N FB 2L CTiRmE L
FEAE BT DAL S5 S0k (30, 31). 24 fh A& U 5 B
B (c/a # 1) 5, MAemPRE o/ a LIRS AT
WU, AT DA R DY 5 B COAAR A R o fe )M R A
A A% RT3 QAR B8 IR 22 [4] 1) i 1
# AEy, AR Heusler & 4 H 1] BE A 5 [GAK
FRAAR B2 4 A By AR, 3R] E IR AR 1Y fE
AR TSR IR B AR, M AT B &A= 7 Jy 3 id Jr
5 A2 AE B A MRS — RIE &,
AEy P48 XA B, D) E PR EA B S R e M,
b B = ) 5 [ AR IR Ty

Kl 345 T NigFeGa, ,Zn,(z = 0, 0.25, 0.5,
0.75, 1) &4 S I A SR UAMERER 25 AEy B c/a
HAZEA. THERRR AEy, FRAARERER 2
H . 7E NigFeGa, ,Zn, & 41 AEy-c/a g+,
¢/a>1F c/a < 10, AAFAE—RERR AU/ ME,
M AE & 1 e /MEADL T ¢f/a > 1—M, X F I Ni,
FeGa, Zn, db i 7E 5 [RARAR S J5 i1 T c flifi
M a, b3hWCHE. B Zn & B RYH R, NipFeGa, ,
Zn, (1) AEyy (8255 {8 52 90 ) PR3y i . >4
= 0 i, Ni,FeGa 1y AEy A-0.11 eV/fu., 1 z =
1 i} NiyFeZn #J AEy 28 5-0.15 eV. iX3KH] Zn 1)
B2 T 0 E FC AR B AR M T4 v AR 8 TR
JE Ty, X5 Z 81 SCHERHGE BY Zn 78 Ni,MnGa F
Mn,NiGa, H i E 4 FH 72 — 20 09 @58 W] Zn HX
R FEWTTERAE N —Fhi 5 Heusler A MSMA FHAS
TRLBE 8 <) 3 B, (HATHE— L TRANSE.

# 2 HEAHM NyFeGa, Zn, (z = 0, 0.25,

0.5, 0.75, 1) & 475 [LHACR AT 19 5 IR 5 )T

RZIAGER2E ABy, ¢/ a HLEMBEIESEL

Table 2.

between the martensite and austenite, ¢/a ratio and

The calculated energy difference AEy

magnetic properties of Ni,FeGa, ,Zn, (z = 0, 0.25,
0.5, 0.75, 1) alloys in tetragonal martensitic state.

z 0.00  0.25 0.5 0.75  1.00

AEy/(eV-fuw ) —0.110 -0.119 -0.128 —0.144 —0.151

¢/a 136 136 134 133 132
M/(ugtu.l) 338 348 363 3.73 3.85
Myi/ug 028 032 035 038 041
Mo/ up 292 300 3.02 306 3.11
M 1z 011 -0.10 -0.08 -0.07 —
My, up — 013 -011 -0.10 -0.09
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Fig. 3. Variation of the energy difference AEy; between the martensitic and austenitic phase with the ¢/a ratio in Ni,FeGa, ,Zn,.

Here the zero point corresponds to the cubic austenite (¢/a = 1) of each alloy.
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() Thg AT KREOOHES. #6225 S0k [18] ', [AIAE
RI Zn BAIG AR A Ey BRI 5 5250 W g2 ) 1Y
Trne BITHEATAER R SRR X FASCH Y NigFeGa, ,
Zn,, fE x= 0250 AEy ML == 0BT 2
8%, I Ty tHILIBZTTHY 142 K ATREA 12 K /2
A S, Y Ga 28U Zn I, Ty A A REIA
2 195 K ofy. (HEX T3 BEARMIE AL, 075205
ST SIS ST N LA A2

HTRAVIE Zn B2 5 4 5 [IAFHAZ )
YEAHLE, 4303 T NigFeGa, Zn, (z = 0,
0.25, 0.5, 0.75, 1) 7F J& AR TN E [RPACIRE T 138
% (density of states, DOS), H-7EK] 4 HilttT T
b,

1F Heusler ! MSMAs ', 5 [RARAHAS 8 & 5
HA R ) Jahn-Teller R0 A O B35 7R 44 KL
TR ARAR AR B, SoKRB By AMTEAEAAAERS
o P 28 R W, b (AR DUy AR T DAl S
TPV L B BT AE. By A0 ¥ T U AT Bt DA

MR AR R AR . 78— e LRI REPE IR IR0 12
44, 1 Ni,MnGal®® F1 Mn,NiGal | #a] LI7E
AR5 A% B 2E 3] Jahn-Teller 0.

TEE 4 v WA T DU 2] Jahn-Teller %80 X
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Abstract

The magnetic shape memory alloys (MSMAs) have both martensitic transformation and ferromagnetism in
the same material, thus external magnetic field can be used to induce/control the phase transformation or the
reorientation of martensite variant. MSMAs have received considerable attention for their interesting properties
and wide applications in different fields. For practical applications, the martensitic transformation temperature
Ty is an important factor and a high Ty is preferable. Recently, Zn-doping has been found to be a possible way
to elevate the value of Ty of Ni-Mn based MSMA, but this effect on other kinds of MSMAs is not very clear
yet. Heusler alloy Ni,FeGa is a typical MSMA with unique properties, however, its T); is relatively low. So it
can be meaningful to find possible ways to increase its phase transition temperature. In this paper, the
influences of Zn-doping on the electronic structure, martensitic transformation and magnetic properties of
Heusler-type magnetic shape memory alloy NisFeGa are investigated by first-principle calculations. Total energy
calculation and charge density difference indicate that Zn atom prefers to occupy the Ga (D) site when
substituting for Ga in Ni,FeGa,_,Zn, (z = 0, 0.25, 0.5, 0.75, 1). This main-group-element-like behavior is related
to the closed 3d shell of Zn. Due to the similar atomic radii of Ga and Zn, Zn-doping does not lead the lattice
constant to change greatly. The variation of the energy difference AF); between the martensite and austenite
with Zn content increasing is calculated, and the result shows that AE,; increases with Zn-doping increasing,
and thus conducing to increasing the stability of the martensite phase and to evaluating the transformation
temperature Ty; in Ni,FeGa; ,Zn,. This trend can be explained by the Jahn-Teller effect observed in the DOS
structure. The Zn-doping does not change the magnetic structure of Ni,FeGa. A ferromagnetic coupling between
Fe spin moment and Ni spin moment can be observed within the whole range studied. The calculated total spin
moment increases with Zn content increasing. The variation of formation energy E; with Zn-doping is
investigated. In Ni,FeGa, ,Zn, a negative F; is retained within the whole range studied, though it increases
slightly with the doping of Zn. It is also found that the Zn-doping can increase the stability of L2, Heusler
phase in NiyFeGa, ,7Zn, and suppress the formation of the FCC L1, phase.

Keywords: Heusler alloys, magnetic shape memory alloys, electronic structure, martensitic transformation
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