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Interaction between alloying atoms and oxygen and diffusion of
oxygen in g-Ti alloy investigated by first-principles methods
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(Shenyang National Laboratory for Materials Sciences, Institute of Metal Research, Chinese Academy of Sciences,

Shenyang 110016, China)

Abstract: A first-principles plane-wave pesudopotential method was used to study the interaction between the interstitial

oxygen and alloying atom (Nb, Zr, Sn) as well as the diffusion of oxygen in £-Ti. It is shown that, at 0 K, the most stable

location for oxygen in f-Ti is slightly away from the high-symmetry octahedral interstice, and the migration of oxygen

exhibits ‘“W’-type of profile due to the instability of f-Ti. With the elevating of electronic temperature, the stability of

S-Ti increases, and the diffusion energy curve tends to behave normal parabolically shaped. From the calculated

interaction between the alloying atom and oxygen, the alloying atoms repulse their first nearest oxygen, while attract the

second nearest one. The calculated interaction energy was discussed in terms of the elastic and chemical interaction. In

TiND alloy, oxygen tends to occupy the octahedral interstices with more Ti atoms also with Ti in its nearest sites.

Key words: g-Ti alloy; first-principles; interstitial diffusion; electronic temperature

BTi (bec ) Ti 2]
Ti-Nb-Zr-Ta Bl Ti-Nb-Zr-Sn
(1] Ti (5]
Ti Ti-Nb-O
Ti [6]
(2006CB605104) (50631030)

024-23971813  E-mail: gmhu@imr.ac.cn



20 1 B B s545
Ti
VASP!? PAW 3]
300 eV
GGA PWI1I4 K 4><4>4
p-Ti 0.01
eV/A CI-NEB!3
ALMEIDA [ Ti-Nb-Zr-Ta-O/N 4 0.05
eV/A
YIN Bl Ti-Nb-O
Nb
p-Ti
p-Ti
YU 0l
Embedded Cell Model'" bee
Nb-xTi-O(x=0~1) Snoek
““Site energy””
ECM
1 TisXO
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Fig.2 Ordered TiNb supercell (Balls 1, 2 represent octahedral
interstices with different orientations and surroundings):
(a) Supercell of Tio.7sNbo.2s/Tio25Nbo.7s with D03 structure;
(b) Supercell of Tio.sNbo.s with B structure

NISHITANI U7

3000 K Ti bee
Ti
2000 K 4 000 K
F E
Fermi-Dirac
F
F=E-Y05(f,) (M
Fermi-Dirac

S(H=-1fInf+(1-f)In(-f)] (2)

E—H |\ _ 1
f( ° j_exp((g—ﬂ)/a)+1 3)

Migration energy/eV

-1.2 : . :
0 2 4 6 8
Reaction coordinate
1.2} (b) Tetra

Migration energy/eV

0.4 - - N '
0 1 2 3 4 5 6 7
Reaction coordinate
()
14l Tetra

Migration energy/eV

¥ Octa |
-0.2 :

0 05 10 15 20 25 30 35
Reaction coordinate

3 B-Ti

Octa 1—Octa 2

Fig.3  Energy profile for diffusion of oxygen along path of
Octa 1—Octa 2 in f-Ti at different electronic temperatures:

(a) 0 K; (b) 2 000 K; (c) 4 000 K
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Table 1 Calculated interaction energy of X—O with parameters
of alloying X
Atomic AGoxiad/ Interaction energy/eV
radius/A (kJ-mol™) Site 1 Site 2
Nb 1.47 -794 0.06 -1.42
Zr 1.60 -1 037 0.75 —0.37
Sn 1.41 -518 0.78 —0.32
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Fig.4 Bonding charge densities of Ti  Nb, Zr, and Sn with

octahedral interstice O in bec Ti cutting through (010) plane
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Table 2 Calculated lattice constant of Ti\Nbi-, alloy

compared with other computational results

Lattice constant/A

Alloy
Present study Other result!'®!
Ti 3.242 3.264
Tio.75Nbo .25 3.256 3.273
Tio.sNbo.s 3.268 3.280
Tio.2sNbo.75 3.300 3.306
Nb 3.321 3.325
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Table 3  Heat of solution of oxygen in octahedral interstices
with different surroundings (site 1 and 2) (Shown in the bracket

are the atoms consisting the interstice)

Heat of solution/eV
Alloy
Site 1 Site 2
Ti —11.06(Tie) —11.06(Tie)
Tio.75Nbo.2s —9.80(NbTis) —9.86(NDb2Tis)
TiosNbo.s —8.50(NDb2Tis) —8.48(Nb4Ti2)
Tio.2sNbo.75 —8.18(NbsTi) —7.97(Nb4Ti2)
Nb —7.35(Nbs) —7.35(Nbs)
TiNb
4 Nb
Tio.sNbo.s 1—
2
B
3
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Table 4  Activation energy of oxygen migration between two
adjacent octahedral interstices in Ti-Nb alloys with different
of Nb (in

concentrations

comparison with available

experimental values)

Activation energy/eV
Alloy
Site 1—Site 2 Site 2—Site 1
Ti 2.84 (1.35-2.99) 2.84 (1.35-2.99)
Tio.7sNbo.2s 1.43 1.49
Tio.sNbo.s 1.04 1.01
Tio.25sNbo.75 1.20 0.99
Nb 0.92 (1.10) 0.92 (1.10)
“W”
4 000 K
2)
Zr,Ti Nb Sn
3) TiNb Nb
Ti
Ti
Nb
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