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Fig.1 Crystal structure of Ti;Al, (a), TiALLY (b), TisAlsY (c),
TizAlgY (d) and TizsAlwY (e)
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Table 1 Total energies (E), formation energy (Ef) of Ti,AlY
and TiAlY, site occupation energy (Esit) (V)

TiAlLY Ti,AlY
E Ef E Ef
-1910.0 1431.5 -6412.0 2591.6

Esite

-1160.1
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Table 2 Equilibrium lattice parameters in Tizn1AlnY
(n=1, 2, 4, 8) (X 10 nm)

a b c
TiZAl; 4.006 4.006 4.089
TiALY 4411 4411 4.173
TisAl, 4.006 4.006 4.088
TisAlLY 4.165 4.165 4.203
TigAlg 4.002 4.002 4.099
Ti;AlgY 4.08 4.086 4.159
TiweAl1s 3.998 3.998 4.104
TiisAligY 4.043 4.043 4.126

3 Tiam1AlnY (n=1,2, 4, 8) MREEE E SHAEE E
Table 3 Total energies (E) and formation energies (Ef) of

Tizn1AlnY(n=1, 2, 4, 8) (eV)

TiALY TizAlLY TizAlgY TiisAligY
E -1910.0 -5230.6 -11871.9 —25154.5
Es 1431.4 1960.1 2224.4 2356.6
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Partial and total density of states before and after doping:

(a) TIAle, (b) Ti3A|4Y, (C) Ti7A|8Y, and (d) Ti15A|15Y
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Fig.3 Charge densities difference on (111) plane of Ti,Al, (),

TIAle (b), T|3A|4Y (C), T|7A|3Y (d), and T|15A|16Y (e)
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Table 4 Atomic populations in Ti;Al; and Tizn-1AlnY

(n=1, 2, 4, 8)
Atomic s b Total_ Charge
population  number
Ti 233 6.73 283 11.89 0.11
TirAl,

Al 099 212 0 311 -0.11

Ti 229 577 272 10.77 1.23
TiALY

Al 112 1.86 0 2.98 0.02

Y 0.32 159 2.36 4.27 -1.27

Ti 231 6.08 277 11.16 0.84
TizAl,Y

Al 105 201 0 3.05 -0.05

Y 0.34 201 237 4.27 -1.72

Ti 231 6.34 280 11.44 0.56
TizAlgY

Al 1.04 201 0 3.05 -0.05

Y 035 218 235 4.88 -1.88

Ti 227 631 2.80 11.39 0.61
TisAligY

Al 1.00 2.04 0 3.05 -0.05

Y 035 273 241 5.49 -2.49

£5 TiALH TiznaAlaY (n=1, 2, 4, ) EBH FH
Table 5 Charge population of unit bond length in Ti;Al,and
Tizn.1A|2nY (n=1, 2, 4, 8)

Population  Length/X 10" nm  P/charge nm™
TizAl, 0.32 2.86214 1.118
TiALY 0.40 3.03614 1.317
TisAl,Y 0.41 2.96993 1.381
Ti-AlgY 0.14 2.98814 0.469
TiisAligY 0.05 2.98772 0.167
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First-principles Study on Electronic Structure of y-TiAl Alloy Doped with Y

Xia Jinjiao', Liang Wenping®, Miao Qiang*, Ren Beilei!, Han Peide?
(1. Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)
(2. Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: Site substitution of Y and the super-cell systems of y-TiAl doped with Y were investigated by the first-principle plane-wave
pseudopotential method based on density functional theory. The geometric and electronic structures, formation energy, Mulliken and bond
population of TizAl,, TiALY, TisAlY, TizAlgY and Ti;sAligY were obtained. The results show that Y prefers to be a substitute for Ti in
y-TiAl alloy. The addition of Y increases both lattice distortion of y-TiAl and forming ability of the doped lattice. Moreover, the proportion
of covalent properties increases first and then descends with increasing of Y doping content. TiisAl16Y has the weakest covalent properties,
in favor of improving the brittleness of y-TiAl.
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