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Table 1 Chemical composition of TD3 alloy (w/%)
Ti Al Nb Mo
60.35 10.8 26.81 2.04

H R SHON: a=b=c=0.3274 nm, a=p=y=90°, Ti
JE - o5 R SR AT A A B, RO E B ALAT ND BEL &
i, M 33> MMM, Hiad 27 A Ti R
T\ 144 ALJETAI 13 A Nb JE-7, @WK 1b fion. o,
FHELA N5 S HEAR ) D019 45, J&@ 25 AR P63/mmc,
a=h=0.5740 nm, ¢=0.4660 nm, a=4=90° y=120°, 4
250> MM LSRR, HoA A 48 N Ti A 16
AT, WE 1c fros.

1.2 it&EFHE

KRR T B — MR % R B IR Y VASP

(Vienna ab initio Simulation Package) 271, JE#
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333, TELA MRS FE VR RIAE BT 711
WS ¥ 2 N 0.1 eVinm, HfEEIEZE/NT 0.1 meV.
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Fig.1 Structure model of O phase (a), B2 phase (b) and a, phase (c)
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Table 2 Calculated lattice parameters in comparison with

experimental data and previous calculations

Lattice parameter/nm

Phase Source
a b c
Present work 0.6042  0.9594  0.4656
o) Experiment!®! 0.6090  0.9570  0.4670
Theory™ 0.6045  0.9510 0.4668
Present work 0.3276
B2 Experiment!®! 0.32798
Theory!® 0.3274
Present work 0.5775 0.4650
02 Experiment!”! 0.5814 0.4649

Theory!*" 0.5786 0.4638

X X FRIR Tiv ALECND o5 Ev(X) &R X JE I
PIEHLRE: Epx~ Ep il Ex 23 AN —A X AL M AR
. HMEEER X AR, Tiv Al S Nb EF 16
BHMIE, @57 a=b=c=1.0 nm, a==y=905%, ¥
PGSR TFETRETOME, HEEEEE 500 eV,
k SR EE N 6>6>6, 1EHITEIR 18] 7 M S BE
4 0.1eVinm, BREEIRZE/NT 0.1 meV, 52T HE
i Erj, Ea M1 Enp 2379 9-1.209, —0.08 #11-2.623 eV,

& 3 0l %1, O fH. B2 AHA ap AHH Al A7 JE B
R flC, UIEM B AN, 68K ZE Al JETH Y
i B SR A B, I T R A R, AR T
K ALO; TER A AL L, A RT3 5 S Ak i
MBCENE, R AR — 5L, 113 TD3 &4
BAH—w s kae .
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Table 3 Calculation results of vacancy formation energies of O

phase, B2 phase and a, phase (eV)

Phase Al Ti Nb
0 7.1603 9.4658 9.9460
B2 6.2242 7.8075 8.2457
az 7.4745 8.9512
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raE . AR TR, EREEERE, &
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T s — A e A B B ) — AN e A B R B e
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231 RART# &
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fe B A, @57 a=b=c=10 nm, a=f=y=90% iz,
F-E B 0121 nm WE > T B TR MO E,
BT REZE N 500 eV, Kk siig 1 E ol 65656, 1EHITE
JR 7 18] 27 R B %2 M 0.1 eVinm, BEER IR Z /N T

0.1 meV. EREIFH 45 F N-8.964 eV, AR T fHE
B H-4.482eV.
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M, SR AT R R R BR A E . 7R\ TH
PRI B B, BRI Ti R s, AR
TR BE R, X UEHATE O M. B2 AN ap M\ IHi {4
(B AU 18 & A7 B e - O AHH Oct-TidNb2
(1] B A7 B 480 JiR 1 ] B R A Ik 9-5.0815 eV B2 A+
Oct-Ti4AIND [A] B A7 B %0 J5 1 18] B R 4 fIK 9 —4.9425
eV ap AT Oct-Ti6 [H] B Ao B 40 5 7 18] B g i (K N
—5.9315 eV, i H AR 5 1 E = AH T B B (R B AL
HALRIE R AR, KRIVEJE TAE ap tH SALE AR E, O
MRz, B2 fHES. 18 AR T, AT RA it
N ap FH R o d e R AL B, T R 1A

N JE LA 4 TR T TR B AR A EAE S
B, FE = A BR AU T i AR e A B, AR TS
T 4R A 4 S TR RGP P THD A — 2 22 43 W A % 55 90 A
W 2 Fros. 1= AHEBRE R F A e i B, AR T
FTE X S S A, TG A 4 IR 7 S 0, 10 () B
R T M AT 4 8 5 A 2T o 18 o MR TR fR
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Table 4 Calculation results of oxygen atom interstitial energy in O phase, B2 phase and a; phase (eV)

Phase Gap position  Present work Theory™ Phase  Gap position  Present work Theory!™!
Oct-Ti2AINb3 -3.7771 Oct-Ti2AI2Nb2 -4.0992
Oct-Ti2AI3Nb -3.4291 Oct-Ti4AINb -4.9425
Oct-Ti4AINb -4.0372 Tet-Ti2AINb -4.9425
Oct-Ti4Al2 -4.6027 B2 Tet-Ti3Al -4.9425
Oct-Ti4Nb2 -5.0815 Tet-Ti3Nb -4.0992
Oct-Ti2AI2Nb2 -4.0861 Tet-TiAI2Nb -4.9425
o Tet-Ti2AINb -4.0355 Tet-TiAINb2 -4.9425
Tet-TiAI2Nb -3.5594 Oct-Ti6 -5.9315 -5.94
Tet-TiAINb2 -3.6917 Oct-Ti4Al2 -4.4667 -4.36
Tet-Ti3Al -4.0375 Tet-Ti3Al -5.9315 -5.94
Tet-Ti3Nb -4.0379 * Tet-Tid -4.0245 -4.16
Tet-TiNb3 -5.0814
Tet-TiAI3 -4.6027
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Fig.2 2D charge density difference: (a) oz phase, (b) O phase, and (c) B2 phase
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R FERE I GBI RAR T AR
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et IRBISESEE TR, SRV B L
220 LIE L - (B B A7 B2 (A (e P A R AR .

O MW THasE B 6 Ak, H N )\ ik
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Fig.3 Schematic diagram of interstitial positions of oxygen

atoms in O phase

B 8 M AR TLE O A I B Re = Hh 28 & 4 o,
M2k b3 SO EE TP RO R SRR . AR
TAE O AHZAY 1L 6 PPk, ¥ ids 22/ 0.812
eV, XM E N 01-02-01; EY Hs25 /N A
1.302 eV, X4 N 01-05-04-05-01 F1 01-02-
04-05-01.

B2 AN AR T HAA 2 B\ TH A4 A1 BR AL &, 4
K5 Fizr, 43308 Oct-TidAINb. Oct-Ti2AI2Nb2, icfE
O1. 02. B2 AL T 45K, MBI L4st BF,
E—A> O AL EAHAL )\ A4k B BRALE 3408 02 L E, &
IR FrbL B2 AR TN 01-02-01 X —25% 4
B, YIEA %N 1.913 eV, WA 6 FTas.
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Fig.4 Diffusion energy curves of oxygen atoms along different

paths in O phase: (a, b) in the layer and (c) between layers
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Fig.5 Schematic diagram of interstitial positions of oxygen

atoms in B2 phase
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Fig.6 Diffusion energy curves of oxygen atoms along different

paths in B2 phase
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BReE A Ze i 8 B, 4k L SO EE TR
AR RS E . EURTLE o HHE AT H 6 Fhig iz
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Fig.7 Schematic diagram of interstitial positions of oxygen

atoms in o phase
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Fig.8 Diffusion energy curves of oxygen atoms along different

paths in a2 phase: (a, b) in the layer and (c) between layers

Xif LA T7E O A B2 AN o I T A I HLEK A2
AFDAHEN, O AHH AR T R B0 R EZNZE WYL
W4T 01-02-01 ¥k # 22 /e /Ay 0.812 eV B2 M
JRF#Y 01-02-01 B#A2H #4208 1.913 eV ap HHHH
JEF iy 8O REZNE NPT HL, W 02-T-02 ¥
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B2 AHH i A
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e, SRR, XEmAEHT TiAl KA
e A AT BEMLAIE 230, Nb IO N 23 BRI AR AR AL & 4 11
TERRRE, 319 S 2 B35 PR AIG, (23t Ti e A Ak ) A1
AL AR O AL B2 A S — 2 HLFI ) Nb,
815 oo A AR TR BRAE I AT O #H. B2 M. %F
B O AH. B2 AHAI ap FHFELIY TisAl F& AL RE
o ¥ MR ARIEG, T DA 3o A Ak ER R A R o A 4 ARV 4L
41, fEmMRTE R .

3 & it

1) O . B2 #HFI ap A Al SALTE R RERAK, 7E
PERVEACHTIE, Al R 55 55 it 25 3 A P 358 1m) SR T 8
SEEFESRR ALOs, = AIE —E NP A RS
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2) O #H. B2 FHA ap AHAE J\THI 14 (8] B A7 B 5] B e
A6 T DY T A ) B o7 B Ak, LA A6k )\ T AR i) B 7 L 1)
PR e A K, RIS 1 (A B ik 433l 9-5.0815. —4.9425
#1-5.9315 eV.
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15 O AR B A S 1, ap FIIRZ s B2 AH A B M

4) %T i O M. B2 MHAT ap HHFIELI TizAl 344
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First-Principles Study on Oxidation Performance of TD3 Alloy

He Longbin, Wang Wenbo, Zhang Jianlin, Wang Xudong, Duan Xinglu, Liu Qiuzu, Li Xiuyan
(Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: The first-principles calculation method was used to study the alloy atom vacancy formation energies of O phase, B2 phase and
az phase in TD3 alloy, and the energy stability and diffusion behavior of oxygen atoms in the three phases. The calculation results show
that the vacancy formation energies of Al atoms in the three phases are all lower than those of Ti and Nb, which is beneficial to the
formation of a-Al,O; dominated oxide film on the surface of TD3 alloy. The interstitial energies of oxygen atoms in the octahedral
interstitial positions of O phase, B2 phase and a; phase are lower than those of tetrahedral interstitial positions, and the interstitial energy
of titanium-rich octahedral interstitial positions is the lowest, the lowest oxygen atom interstitial energies are —5.0815, —4.9425 and
-5.9315 eV, respectively. The barriers to be crossed for oxygen atoms to diffuse along the best diffusion path in O phase, B2 phase and a;
phase are 0.812, 1.913 and 1.164 eV, respectively.

Key words: first principles; TD3 alloy; vacancy formation energy; oxygen interstitial energy; oxygen diffusion; oxidation performance
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