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Abstract: Using the plane wave pseudopotential method in first-principles and Wagner-Schottky model, the formation
enthalpies, equilibrium concentrations, and interaction of vacancies and anti-site point defects were assessed for
L1y—TiAl intermetallics. The results show that, in the whole composition range of interest, all the defect concentrations
increase with increasing temperature. In particular, the anti-site defect concentrations are higher than the vacancy defect
concentrations, and the Ti vacancy concentration is higher than the Al vacancy concentration. At the stoichiometric
composition, the Ti anti-site defect concentration is comparable to that of Al anti-site defect. At the Ti-rich side, the Ti
anti-site defect concentration is higher than that of Al anti-site defect, while at the Al-rich side, the Al anti-site defect
concentration is higher than that of Ti anti-site defect. The interaction between these defects is essentially repulsive,
which facilitates the defect distribution and diffusion in the matrix.
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Fig. 1 Supercell model of L1,—TiAl intermetallics: (a) Conventional cell; (b) Perfect supercell; (c) Supercell with Ti vacancy; (d)

Supercell with Al vacancy; () Supercell with Ti anti-site defect; (f) Supercell with Al anti-site defect

F1 Ti. Al F L1TiAl f)31F 500 RS20 R HLiE

Table 1 Comparison of calculated results with experimental data of Ti, Al, and L1,—TiAl in comparison

Structure Calculated Experimental
alA cla Bulk modulus/GPa alA cla Bulk modulus/GPa
Ti 2.923 1.606 110.2 2.9061 16061 105!
Al 4.040 - 76.9 405614 - 761
L1,~TiAl 3.992 1.020 113 3.9971¢] 1022 11217
2.2 L1,-TiAl B9 S ERBRRZAS JERITE, A (RT3 )AE o W A5 BEAV B 1) J
R Bk B MR ORE R % A i, W BLRH WREW] 5E Sl
Wagner-Schottky #5784 MK HIF 7 557 Sl B 3¢ o 3 i n,
BRI T i SURBIRIEN TR ETH n M
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Relationship between of formation enthalpy and

composition of L1,—TiAl
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Table 2 Calculated formation enthalpy of vacancies and

anti-site defects in L1,—TiAl

Formation Experiment
This  Ref. Ref. Ref.
enthalpy/ value in
. work  [13] [16] [28]
(eV-atom ) Ref. [28]
Hy 2263 277 2655 246 -
Hy 1.436 151 1905 1.95 1.41
Hy 0.022 059 0.153 0.72 -
Hy; 0.886 1.02 0.854 0.72 -

Formation enthalpies in Ref. [13], [16], [28] are calculation

values.
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Fig. 3 Relationship between point defect concentrations and composition of L1,—TiAl intermetallic composite at different

temperatures: (a) 973 K; (b) 1173 K; (¢) 1373 K; (d) 1573 K
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Table 3 Prediction of activation energy of vacancy and

anti-site defects in intermetallics composite L1,—TiAl

(eV-atom ')
o o, On. Or,.
2.029 1.638 0.444 0.444

2.5 L1,-TiAl SERBART BT B

AWF T A JURBE (VA Vs Alg, Tia)
FITE kS, 35T Wagner-Schottky A= R 7 p S ik
JEE BE YR AR AR A, FE TR0 R AT BE A S 560
. 7RI b, RTS8 s b 2 TR PR R e
AHEAEH . KX L BT, 192 6 Rl HE
AR X (d—dNE5 8, B Vo Vs Var-Algys ViTiags
Alri=Tian VarTia M Vi—Alye B 6 Froshy sisbans
(R, AR X SO o B 6 i R o0 11 L R
, JFHPA GG TR EX L, T RS EATTEL
FIAR L1o-TiAl AZ 25 A MG S M Z5 5 6E, AT el
CATZ A 5 | e = 1 O

DL R BT (VA V) R, HTE ks R &
HRETH A K B,
Hy g =Ey g —Ep, +Ep+Ey (11)
Ey ¢ =Hy+Hy—-Hy (12)



24 1L P, 4

: B A Llo-TiAl s BEFR S (10 55 — R F 2795

(@) M\b r 7 g ™
O £ ,O ' Y). )

C) &S D Ie
o0 f.
I

o4
g‘

ow

C k,, O s {S}A—
 CEORErRoRoD

OODOTROTROT
o0 gl gD
eEE g e yy)

6 L1,—TiAl s BB ) i AR

OBOEDEO
) ™ o
QOO0
- 00%eQe0
OO QOCOHOOC

009 P00
T O‘-/"OQ éQV )
0090900

COIOEROR
- g0 g0

eeRyuiy Loes
@BEaslauiiet

CERCeRERl e
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Table 4 Formation enthalpies and binding energies of point

defect pairs in L1y—TiAl

Defect pair Formation enthalpy, Binding energy,
H/eV E/eV
VarVri 4.3368 —0.6374
Var-Alr 3.0828 —0.7981
Vr5i—Tia 2.8016 —0.4797
Alri—Tig 0.9535 —0.0463
VarTia 3.7846 —0.6359
Vri—Algy 1.9279 —0.470
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