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Fig. 1. Atomic low-index surface configurations of NiTi alloy: (a) B2-NiTi(101) NiTi; (b) B2-NiTi(100) Ni; (¢) B2-NiTi(111) Ni;
(d) B19-NiTi(010) NiTi; (e) B19-NiTi(001) Ni; (f) BI9-NiTi(110) Ni.
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Table 1. Calculated cell parameters, density, shear modulus, bulk modulus and formation enthalpy.

Compounds a/A b/A c/A V/A3 G/MPa B/MPa ArH /eV-atom™
o 3.015 (3.033%, B B 27.402 (27.901°, o 1555 (142.3%, 150.0°, e
B2NITE 5 0160, 3.01) o740, 2727 900 (73 142°) 0374 (-0.35)
2.898
g g g s .
Brouys M040 (46855 4108 (035, (20415 55705 (55.0805 o ounue 0 (e 15 0398

4.813" 4.631) 4.121" 4.10)  3.007",
2.8851)

58.610", 54.841)

H:a, b, d, g h, j, KAHIESE(E, Ref.[21—22,23,3,26,27—28]; ¢, SLHKZ%{H, Inorganic Crystal Structure Database (ICSD)
#105413; e, LIS H(HRef.[24]; f, LIS H{H, Ref.[25]; 1, FFSH{H, ICSD #240195.
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Fig. 2. DOS curves for NiTi alloys: (a) B2-NiTi; (b) B19'-NiTi.

#2
Table 2.
terlayer spacing in percent of the bulk spacing (%).

B2-NiTi i J& T2 LB ARXT AR I BE A ZE (LA BE D) R SR BE 2 AL (%)

Relaxations of B2-NiTi surfaces with different terminations and slab thickness given in terms of the change of in-

Slab thickness

Surface Termination Interlayer
3 5 7 9 11
Arz -9.67 ~10.42 -9.99 -9.88 -9.91
Ags -0.19 1.18 1.99 1.78
(101) Ni, Ti Aszy -0.83 -0.65 -0.47
Ay 0.43 1.15
Ase 0.57
Arg -1.77 -8.13 -8.89 -8.78 -8.93
Ags 3.85 3.48 2.79 2.76
Ni Aszy -0.72 -0.41 0.17
Ays 111 -0.37
(100) Ase 2.18
Arz -2.24 -21.68 ~17.08 ~15.16 ~16.68
Ags 15.42 12.14 7.11 10.78
Ti Aszy 0.01 4.03 2.82
Ass -5.72 -1.93
Ase 1.53
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Fig. 3. Under the condition of Ti-rich, the surface energy varies with the number of atomic layers of the surface configuration:

(a) B2-NiTi; (b) B19-NiTi.

(a)

Pl 4 B2-NiTi Fl B19-NiTi {4 %l 0 09 H 46 25 L 20 A
Fig. 4. Charge density distribution of dense plane of bulk B2-NiTi and B19-NiTi: (a) B2-NiTi (101); (b) B19-NiTi (010).
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Fig. 5. Surface energies of non-stoichiometric surface versus Ti chemical potentials: (a) B2-NiTi; (b) B19'-NiTi.
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Fig. 7. Total electron density distribution of B2- and B19-NiTi surface configurations: (a) B2-NiTi (101)_NiTi; (b) B2-NiTi

(111) _Ni; (c) B19-NiTi (010) NiTi; (d) B19-NiTi (101) Ni.
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Abstract

NiTi shape memory alloy has been widely used in industrial and biological fields due to its excellent
mechanical properties, unique shape memory effect and superelasticity. In this paper, the atomic relaxation,
thermodynamic energy, structural stability, electronic structures and other properties of all low-index surfaces
of B2- and B19'-NiTi alloys are systematically studied by using the first principles calculations based on density
functional theory. The calculated results show that the atomic relaxations on all low-index surfaces of both B2-
and B19-NiTi alloys are mainly concentrated in 2—3 atomic layers on the surface, which means that the surface
effect is mainly confined in two or three layers on the surface configuration. In addition, the atomic relaxation
of Ti-terminated surface is most remarkable, and followed by Ni-terminated surface, while the atomic relaxation
of Ni&Ti-terminated surface is insignificant. Furthermore, the valence charge density decays rapidly from the
surface configuration to the vacuum layer.

The calculation results of surface energy show that surface energy is inversely related to the coordinate
number, and surface stability increases with the coordination number increasing. For B2- and B19-NiTi, the
surface energy of non-dense and non-stoichiometric surface depend on the chemical potential of Ti, and the
surface energy is high. Therefore, the stabilities of these surfaces change with the chemical potential of Ti
increasing. However, the surface energy values of dense surface configurations with stoichiometric ratio for B2-
NiTi (101) and B19-NiTi (010) are 1.81 J/m? and 1.93 J/m?, respectively, which are both lower than those for
other non-dense surfaces in the most Ti chemical potentials range, showing excellent structural stability.
Moreover, the electron density analysis indicates that the dominant bonding for B2-NiTi (101) surface is the
chained Ni-Ti-Ni metallic bond, the distribution of electrons and the distance between Ni and Ti atoms on the
B2-NiTi (101) surface are more uniform and smaller, respectively, than those for B19'-NiTi (010) surface. In
summary, the B2-NiTi (101) surface shows the high stability.
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