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# 1  B2-TiAINDb HyM& H A IS (B eV)
Table 1.  Lattice constants and formation enthalpy
for B2-Ti,AINb (in eV).

Lattice parameters/ A
method Phase b E¢
a c

Experimental'” B2 3.2798  — — —

D0,y 5.7998 — 4.6996  —
O  6.0893 9.5694 4.6666
ABINIT!Y B2 3.274 0.127
D0,y 5.701 — 4.620 -0.194
(6] 5999 9.555 4.639 -0.203
This work B2 3.237 — —  —0.284
DOy 5.872 — 4.708 -0.311

(6] 6.054  9.527 4.676 -0.350

F 2 SR Ti, Al, Nb FINEAE (BA7: eV)
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Table 3.  Fitting parameters of EAM potential for Ti,AINb
alloys.
& (rrial) & (rrinb) & (TNbal)
Parameter value Parameter value Parameter value
o -2.1129 o —4.2151 o -0.2797
B ~1.3742 B —6.6808 B —2.5122
¥ 0.2705 ¥ 1.4339 ol 1.6140
€ 0.1758 € 0.0008 € 0.1140
o -2.3191 o —-1.4062 o -1.6132
i 0.0516 i 0.2694 iz 0.4012

TERLG ZHT, ©F B2 A AL (% Ti J5E 19
HRATHEE A, MRS s, sa, s =
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Table 4.  Elastic constants for B2-Ti,AINb (in GPa).
Cn Cis Cu  GCoo Cia Cis
ABINIT!Y 136 — 81 — 100 —
DFT 153.20 147.83 69.36 71.86 133.42 97.62
This work ~ 195.82 178.95 64.35 66.83 136.92 127.04
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Fig. 1. EAM potential for Ti,AINb: (a) Electron density function

types of atoms; (d) pair potentials between different types of atoms.

(b) embedding energy function; (c) pair potentials between same
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# 5  B2-Ti,AINb HLZ B R BEFIRLZS (T i Rg
(BAA37: eV)

Table 5. Mono-vacancy formation energies and di-

vacancy formation energies for B2-Ti,AIND (in eV).

DFT This work  This-lmp EAM-fa

Ef Ti 2.879 2.283 2.283 1.343
Al 2.859 3.265 3.265 1.391

Nb 2.194 1.763 1.657 4.919

Eg TiTi-1 5.454 4.503 4.498 2.562
TiTi-2 5.854 4.539 4.533 2.777
TiTi-3  5.688 4.570 4.567 2.724
TiAl-1  5.623 5.434 5.434 4.014
TiNb-1 4.731 3.980 3.980 3.699
AINDb-1  4.710 4.854 4.854 4.777

2 5 R “This work” 3X— 1 B(E 2 A A
SCHF & ) EAM #Z 23RS B9, #5 i “This-
Imp” 13X — 5 R /R F A SCIF & B EAM %, fifi
F Lammps #8438 17 8 800 0F 5 10 45 5 . b5 i
“EAM-fa” iX — %1 F R A SCH ] Farkas®! H A& 1Y
EAM #0345 8 ) oF B T 24 H KR 2
Lammps F /4. H11E 2 Fis 128 608 BLRE X H &
ATLVAEH, AT R R EAM 3, FHm A7 8191
B ILF 582 —2, M T H Farkas P4 [ #Ag
[NISE k73 e R iy sk

/ \\
T Bl DFT
T This work
Bl This-lmp
EAM-fa

(=2}
n

-2
b
E
483
5 2
o o
5§
g
>
\@‘f EAM-fa
V”&} 3D This-lmp
&x&gg&&}l This work
&'/x

2 B2-Ti,AINb Huas i 1B s AE 15 W =3 37 Al fiE
Fig. 2. Mono-vacancy formation energies and di-vacancy

formation energies for B2-Ti,AIND.
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I RE, (R I T AR I 2 10 T P S i
fLE B RE, RIS IR e, 7218 3 2 &
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Zr | ORI TR Ti, Al Nb., &)1
e IRE>

E'=EN_y_y ik — Ex+2El +yEN

+ 2EN° — EX, (14)

B 3 B2-Ti, AINb Ji 1 B i 7 2 K
Fig. 3. Atom position transposition diagram for B2-Ti,AINb.
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EN gy otk 22N H GRBA T M ERE, Ey FRH , | I This work
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Nb, K FFHMERE, K 37 H T80 512 1oy s oom
B, y, 2 MU O 51, SMBIF0R B IR k '
S

+ Ti, Al, Nb (9% H, k& FmH T &80 5 1%k
H. it =2=0,y=1, K =TiHEE
INTE AL R s B B —A> Ti s, H (Tia)
A, HoAth B 4 S (I8 1 RE LR X R R AE Ty
K. XTI TR BRE T
Ef = B — EY (15)

o B3 Ron i 5 BRI ELRE, B R BARE
B L RE.

MFE 6 WLIE H, ASCF R EAM #9151
22 e o i A A S R B e B R A — i
FRITREE I, AR 4 FE 5 v LUE R Mt A 21X —
5, 55— R L, £ R IR AR A 1R 25 i KAl
WAL 0.233 eV, X% EAM #GR 1R 4 M4
IR Ti, AIND 5 4 1) s BB 5.

# 6 B2-Ti,AINb B FHINIRFIEAEE (B eV)
Table 6.  Substitutional atom and transposition atom

formation energies for B2-Ti,AINb (in eV).

DFT This work This-lmp EAM-fa
Ef  Tig 1.046 0.976 0.976 -2.863
Tinyb —0.384 -0.418 -0.418 —2.440
Alrj 0.268 0.433 0.433 -1.164
Aly,  —1.310 -1.216 -1.216 -1.113
Nbp;  0.638 0.624 0.624 7.439
Nba — 1.522 1.289 1.289 0.911
Ef TiAl  1.097 1.181 1.181 —4.142
TiNb  0.270 0.191 0.191 -9.213
AINb  0.123 0.172 0.172 0.571
Clo 1.078 1.132 1.132 -3.169
Ant 0.453 0.413 0.413 -10.752
3.4 RMERE

AT, AR S b A ST R LR TV

B S %, R T RERHRAR PR, B T2 -

{9 S T 52 14 S BT 5 A R, TN T i A

T, V2 VA FE T A 2R 1 Al e PRI A2 T 4 T
1, BICRIZ R R AE, MR EAR N

By = (E® — EY)/(2S5u), (16)

sur

0.034

0.094

Tiar Tine Al Al Nbp Nbay

K 4 B2-TiAINb & J51E AR A 5% 25
Fig. 4. Deviations of substitutional atom formation ener-
gies for B2-Ti,AINb.

2.0

I This work

TiAl TiNb  AINb Clo Ant

K5  B2-TiAINb {72 B AE A 1% 22
Fig. 5. Deviations of transposition atom formation energies
for B2-Ti,AINbD.

o BL R ERE; BS3RoR B 3RH AR R 1)
fig; B FRECA RAEIE R ERE; Su HIERT
e SRR IR, AT B2 A (100) HEFH
(110) TH PR TERE, ¥ AR M 1A R 2647 TR
(977 1) ERH T TR R A, FE R T R Y
Jiml BRE TV M S, BRI E LR
T THIR, R T PR IE T B R RN %R
AT T Re A/ ME. T 7 Fpal LA BA SO &
) EAM #56 T (100) F1 (110) P A AERYTTE45
REE IR R a3, R (110)
T RE /).

# 7  B2-TiLAIND FRERE (B eV)
Table 7. Surface energies for B2-Ti,AIND (in eV).

DFT  This work  This-lmp EAM-fa

Ef, (100) 2056  2.298 2.273 1.705
(110) 1.937  2.194 2.170 1.620
(100)" 1.844 — 1.923 0.484
(110)" 1.661 — 1750  ~11.000
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3.5 E-VHZ AR B-V CHR. Z G4 Ti, Al, Nb =
| TR SRS R ], DB HEEE T 4010 T, AL
R TR R S 251 A B, A Nb =FETHELZETN BV EE, &4 T
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Eri(r) = %{deﬁ(?"z) + 12¢r1i1i(r3) + 8¢1imi(rs) + 61imi(r6) + 4dTinn(71) + 12¢d1in (74) + 4Tia1 (1) +120TiA1(74) }

+ Fri{6 fri(ro) + 12f1i(r3) + 8 f1i(rs) + 6 f1i(r6) + 4fno(r1) + 12 aw(ra) + 4far(r1) +12fai(ra)},  (17)
A, r R B2 HE S P EGTAREE B, ro FoR T AREE B, LISHE, r, 2R n IE4REE . T2 bR
B fri (rn) s 05 n EABAY Ti R T oilk OB P28 1, A B PRz i Fro% e .
[FEE, ATLAAS AL A 4 ALEFH Nb JR T RS H R TFIN BV IR N
Eax(r) = %{8¢TiAl (r1) + 24¢mia1(r4) + 20n0a1(72) + 8dNval(73) + 8dNbal(75) + 4daal(r2) +40a1a1(r3) +6¢a1a1(76) }

+ Fai{8fri(r1) + 24 fri(ra) + 2fwn(r2) + 8fn(r3) + 8 fnv(rs) + 4fai(r2) + 4fai(rs) +6fai(re)},  (18)

Exp(r)= %{8¢TiNb (1) +24¢1in (72) +4DN6Nb (72) +4DN6ND (73) +6ONbND (76) +2NbA1(72) +8DNbAI (73) +8PNbAI (75) }

+ Fao{8 fri(r1) + 24 fri(ra) + 4 fav(r2) + 4fno(rs) + 6fan(re) + 2fa1(r2) + 8far(r3) +8fai(rs)}.  (19)

\

X EiR =R BV O R INACE Y 8 ] 15 WERRE, THRZRILZE 8, A FAEm BV 4k

#| Ti,AINb & & P8 E T BV IR, W ME 7w, NE 7RI LA : XFF B2 M, %

(20) KPR AN 806 H B Al 10 45— IR T34
B(r) = 1 En(r) + §lEu(r) + B(r)l.  (20) R Farkas®! MESRAEUBUBIGH 20% 1T

Fit
—— Rose

A SO B2 A BV ORI AE 6 PR,
IR T Ho e, ARG Rose IR A P T
E-VRAR, [FIRFEAER 6 .

HIPE 6 AT LA, fERE B/ T2 3.3 Afya
NS IS Rose HIZLM) & AR H 4, [RlE ]
LEAEAR AL TP ARSI B0 i AR, S A —
B R L 2 AR A 2R, (HR AR

Cohesive energy/eV

AR, A B 2 1R > 3 4 5 6 7
T BAEA SCIT & B EAM #4%) F Ti,AINDb Distance/A

B e AR RE ST, (A — Rt T 6 B2-TLAIND ) BV il12 5 Rose 14

SEAIRASTS B2 4H. D0y . O FHERNFEAH T T Fig. 6. E-V curve and Rose curve for B2-Ti,AINb.

%8 Ti,AIND A& MNEKAE (AN eV)
Table 8. Cohesive energies for Ti,AINDb alloys (in eV).

Via 60% 67% 75% 83% 91% 1 110% 120% 130% 142% 154%
E-DFT -3.22 -4.13 —-4.75 -5.14 -5.35 -5.42 -5.37 -5.22 -5.02 -4.77 -4.48
Vboyo 57% 64% 2% 81% 90% 1 111% 122% 134% 147% 160%
E-DFT -2.55 -3.78 -4.60 -5.10 -5.37 -5.44 -5.38 -5.21 -4.96 -4.66 ~-4.32
Vo 58% 65% 73% 81% 90% 1 110% 121% 133% 145% 158%
E-DFT -2.79 -3.92 -4.69 -5.16 -5.41 -5.48 -5.42 -5.26 -5.03 -4.74 ~-4.42
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Embedded-atom method potential for Ti,AINb alloys®
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Abstract

Molecular dynamics simulation is an effective computer simulation method. However, owing to the lack of
suitable interatomic potential of multicomponent alloys, the application of molecular dynamics simulation is
limited. The development of interatomic potential of multicomponent alloys has always been challenging. In this
work, under the framework of EAM model, a construction method of interatomic potential suitable for ternary
ordered alloys is proposed, and a new interatomic potential of Ti,AINb alloys suitable for atomic-scale
mechanical behavior simulation is developed. The potential can well reproduce the elastic constants of B2-
Ti,AIND, unrelaxation vacancy formation energy, substitutional atom formation energy, transposition atom
formation energy, surface energy and cohesive energy of three ordered phase (B2, D0O;q and O phases ) in
different volumes. To further test the potential functions, 1) the E-V curve of B2 phase is calculated, and the
result is well consistent with Rose curve; 2) the melting transformation process of B2 phase is studied by
molecular dynamics simulation, and the results roughly reflect the experimental fact. The present work provides
a way to develop the interatomic potential of multicomponent alloys, and a option for the workers who simulate
and calculate the Ti,AIND alloys as well.
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