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Fig. 1. Crystal structure diagrams of L2; and XA type Ni,CuAl.

FIHAT A ZE R, At b [l 25 08 T F iR ik
HER AN TG e AL A A 0, AE 2 e 47
s Ol 2= BRI SR AR R AT F 25 SR, VR RE RN 45 i
TREE Y N, HEES a8 JL T8 M, R
NiyCuZ WS MRS, B E 2 a0 TG
DIHEAR. B 2 hirA 64 L2, S5 S RE R
WEMT XA, £ Ni,CuZ h Cu #4854 Bz
HAR RIS RS E , X —25 R 5 Z AT SCHRG NigCuSn
F1 Ni,CuSb FSZEGIESY 21 #H—E. #E1L 4 Heusler
Hah, —UCH O R 2 i R R

Ni,CuAl F 4 L2, 55 XA S RS54 198 5

0.5 0.5 0.5
- XA - XA - XA 0.6 - XA
" —a— L2, —a— L2 —a— L2 —a— L2
0.4F \_ 0.4f 0.4f 051 =, -
\ L
- " _" 0.4}
E 0.3 S E 031 ™ Sugugaunn™ E 0.3 1% E
5 5 5 | .| 3
i o b \ e b 0.3
g 02t g 0.2f g 02f L 4
= M = M o2t
A NiyCuAl NiyCuGa NiyCuln Ni,CuSb
0.1 \ 0.1 0.1F a
. a \\ R 0.1p
N a7 A a £ y N A
[ TRl ok % L ) W 0 b haasapaast
5.60 5.70 5.80 5.655.705.755.80 5.85 5.88 6.00 6.12 5.90 6.00 6.10
Lattice constant/A Lattice constant/A Lattice constant/A Lattice constant/A
0.6 | - 0.6 Fm s XA 0.6 —a XA
" —a— L2; —a— L2,
05F e /_,/ 051 \_ 0.5
R— ey -
> 0.4} = XA > 04} nm > 04
Q —a— L2 & Q N "
> ! = = ™ Soma
& 0.3f 8 0.3} & 0.3f
Q () (&)
= g =
M o2t M o2t M o2t
b NiCuSi NisCuGe Ni,CuSn
0.1 -\ A 0.1+ 4 0.1
/ \ a
' Va A A “a /A}
Ob . Meangt” 0 St by AiasaaaadT
5.52 5.64 5.76 5.58 5.70 5.82 5.90 6.00 6.10
Lattice constant/A Lattice constant/A Lattice constant/A
2 L2 5 XA S5 NiyCuZ i).ERE B BE A 3 B L AL OC R . P B mi A 0 L2, S5 M S S e

Fig. 2. Variation of total energy with lattice constant for L2, and XA type Ni,CuZ alloys. Ground state total energy of the L2,

structure is set as the zero point of each curve.
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Table 1.  Equilibrium lattice constant a, total energy difference AE between the L2; and XA structure and mechanical
properties of L2, type Ni,CuZ alloys.

J5r a/A AE/(eVfu.')  C,/GPa  Cp/GPa  Cy/GPa  B/GPa  G/GPa  E/GPa v B/Gy
Ni,CuAl 5.72 -0.29 145.9 176.3 124.3 166.1 11.0 32.4 0.47 2.42
Ni,CuCa 5.73 -0.28 150.2 181.0 109.6 170.7 5.4 16.0 0.48 2.87

5.75" — 141.3" 177.8" 110.4 165.6 -0.81" — 0.34" 2.78"
Ni,Culn 6.00 -0.20 123.9 149.5 88.8 140.9 3.8 114 0.49 2.93
Ni,CuSi 5.63 —0.46 192.8 195.6 93.8 194.6 26.1 74.9 0.44 3.49
Ni,CuGe 5.74 -0.40 167.9 171.5 92.8 170.3 25.1 71.9 0.43 3.10
NiyCuSn 5.99 -0.33 143.3 149.7 89.4 147.6 21.9 62.8 0.43 2.82
Ni,CuSb 5.99 —-0.45 149.9 148.2 76.3 148.8 24.1 68.7 0.42 3.23
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Fig. 3. CDD plots of Heusler alloys with L2, and XA structure: (a) Ni,CuSi; (b) Ni,CuGe; (c) NiyCuSn.
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Fig. 4. Structural optimization results of different Ni,CuZ
martensite, the zero point of each curve is set as the total

energy of the corresponding austenite state (¢/a = 1).

F 2 IHRMAEIN Ni,CuZ DI FEEEE VY o/q,
WL TIRIE e/a, T HRE n AT GRS BRCIRAE B2
Ay

Table 2. Equilibrium lattice parameters V and c/a,
valence electron concentration e/a, electron density n and

energy difference AE); calculated for Ni,CuZ martensite.

WA VA cfa cfa n/AY ABy/(eViu )

Ni,CuAl 187.15 1.24 8.50 0.727 -0.082
Ni,CuGa 188.13 1.26 8.50 0.723 -0.090
NiyCuln  216.00 1.28 8.50 0.630 -0.101
Ni,CuSi  178.45 1.28 8.75 0.785 -0.032
NiyCuGe 189.12 1.30 8.75 0.740 -0.047
Ni,CuSn 214.92 1.30 8.75 0.650 -0.049
Ni,CuSb 21492 1.18 9.00 0.670 0.003
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Fig. 5. Variation of AE);, valence electron concentration
e/ a, electron density n, and mechanical parameters C’ and

Cy4 with main group element Z in Ni,CuZ alloys.
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Fig. 6. Calculated DOS of Ni,CuZ austenite (a) and martensite (b); (c), (d) compares the enlargement of the austenite and martens-
ite DOS around Ep.

F 3 HHEARIN Ni,CuZ & [ IS4

Table 3.  Calculated mechanical parameters of Ni,CuZ martensite.

WA Ch/GPa  Cy/GPa  Cy/GPa  Ci/GPa  C,/GPa  Ci3/GPa B/GPa  G/GPa  E/GPa v

Ni,CuAl 243.3 196.1 118.9 86.4 100.9 148.6 164.3 714 187.1 0.31
NiyCuGa 236.8 198.2 104.1 76.7 112.5 150.6 166.6 64.8 172.1 0.33
Ni,Culn 194.6 178.8 80.2 65.4 104.8 126.2 142.5 54.1 144.2 0.33
Ni,CuSi 232.9 234.5 95.8 83.9 155.7 165.4 186.0 63.0 169.7 0.35
NiyCuGe 220.8 203.7 7.1 69.2 135.3 157.5 1717 51.9 141.3 0.36
Ni,CuSn 189.8 176.7 778 42.7 83.6 123.8 134.8 49.3 131.7 0.34
Ni,CuSb 217.3 153.1 76.6 16.1 79.9 147.3 148.4 28.7 81.0 0.41
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Abstract

Niy-based Heusler alloys have received increasing attention due to their shape memory effects and the
relevant application properties. It is interesting to explore new Niy-based shape memory alloys with novel
properties. In this work, the site preference, electronic structure, elastic parameters and martensitic
transformation of new Ni,Cu-based Heusler alloys Ni,CuZ (Z = Al, Ga, In, Si, Ge, Sn and Sb) are investigated
theoretically. Between the two highly-ordered structures of Heusler alloys, Ni,CuZ alloy tends to crystallize in
the L2; structure with Cu atom entering the B site in the cubic lattice. In contrast, the XA structure is higher
in energy and lower in stability. This is different from the usual rule that transition metal atoms with more
valence electrons tend to occupy the A, C'sites at first and can be related to the strong covalent hybridization
between Ni and main group elements Z in L2, type NiyCuZ.

NiyCuZ martensites are all lower in energy than the corresponding austenites, which makes them
candidates for shape memory alloys. This can be explained by the Jahn-Teller effect characterized by the
reduced states near Ep in the DOS structure and the mechanical instability of the cubic austenite lattice. The
martensite-austenite energy difference AF,; is strongly influenced by main group elements Z. When Z are in the
same group, the AFE,; increases with their atomic number increasing, but when Z are in the same period, an
opposite trend is observed. The AE,; can be regarded as a driving force for the martensitic transformation: a
larger AF,; corresponds to a higher martensitic transformation Ty;. In Heusler alloys, electron concentration e/a
and electron density n are usually used to discuss the variation of Ty An increase of e/a or n tends to increase
Tyi- However, this is in discrepancy with the results in Ni,CuZ, which can be explained by using, the new
factors, the negative shear modulus C’ and softening of the elastic constant Cj, and their variations with Z
elements. These results reveal the close relation between the martensitic transformation and mechanical
parameters and indicate that they are important factors to predict new shape memory alloys and analyse their
properties in Heusler alloys. It is also found that the Young’s modulus and shear modulus increase and Poisson’s
ratio decreases after the martensitic transformation. Thus, the Ni,CuZ martensite has higher stiffness and
rigidity but lower ductility than the austenite.

Keywords: Heusler alloys, electronic structure, elastic parameters, martensitic transformation
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