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H 5T B2 B BRI 28— PR R B EI T T @R LR X (X 27378 V, Nb, Ta, Cr, Mo M'W)
A TIAL & e VEBEIIFEMT. W FC AL, 525 AT DU RO/ & & i 4 5k, 1998 Ti-Al JR -7 [ A AR,
I 1o R, pR s L s, AR T AR, FEAFRIE I, ARRB AR RS Ju 20 AR 5
WA AN S T SN FB 2% i R I SRk B AR SRR R BT DI R W B IR N 6.25% I, X TV,
Nb Al Ta, Cr, Mo MW 378 R B 4F # 0 35 TiAl )& ML S RIFINE; 2948 40K 0N 12.5% I, A0S Hofth 4B 4%
JLER Mo ML R e, M Mo $82% 5 TiAL VR 2 11 3-8 2 5 BEAN Ay 25 P 1B, B Mo AT J5t R A 5 2

(1 s-s, p-p, d-d R FAHEAER, B8O T &4+ Tif AR T 105, BB TR & & 1A e s,

KA TiAl G4, B4, J1%etkae, MR
PACS: 71.20.Lp, 61.72.—y, 62.20.-x, 31.15.A—
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LEM B YIS, Jahnatek 25 1 PEARET 5 T Als(V,
Ti) A 4 10 J5 7 R e stk DA R ) 5, KL T
B AT RN RS I I R B A 25, (R A AT
HEEWEE XSS, A5, R
=R A ST, R R T AR SR
A AN TR A3 40 45 4 70 2 5% B - 5 g R0 e ek ol
G 1217 e P e B A AR AATTRE A st A
TOWL A AR TIAL &4 J1 27 1 RE.
si BRI, RSy P H 4L N TiIAL

1 B R T A BB NS A, 7R ol O —
RE P 5] B o0 5 2 453 2 30 2 FL A A G PR RE, 2R A
SR REME DAV, AR SR AR — M R 5 v AN
MHEFEMANT, HASE TR X (X 5HERRV,
Nb, Ta, Cr, Mo #l W) 7% TiAl J& & 4 71 5 14 i
GRS LIRSk TiAL S 4 v e At 3 1p
X

2 R

SCH SRR R T R I bR B 1 R AT
TP 735, VT BT RE 9 350 eV, 38 #k G BX AE
KT SRR FE T ARL, 32 6 5 Bk 5 B Perdew-Burke-
Ernzerhof '8 J£ 30, IR HIRBHUE 34 1)) 43 48 Ti
JR T 1) 3s23p®3d24s2, AlJE T 1) 3s23p 1 A H
T, HAbBGE TR T EVATH R B AR
L1 M 5.0 x 1077 eV /atom.

TiAl & J& MALE Y JE T 0L 7 451, 25 A
NP4 /mmm. 535 B 324, 16 S H1 8 A 51
HBMI2x2x2,2x2x 1M1 x2x 1HEEIEN
THEEA Gl 1 FToR, KRR R R T B
32, 16 f18, X454 LB 20 3.125%, 6.25%
12.5%.

K1 iR REEEERE  (a) 2x2x2; (b) 2x2x 1; (c) 1 x 2 x 1; Bt KA FL/NERD IR Al Ti

MBIRIET X

Fig. 1. Supercell models of calculation systems: (a) 2 X 2 x 2; (b) 2 x 2 x 1; (¢) 1 x 2 x 1. The black, gray

and center balls denote Al, Ti and doping atom X.
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e A AR B BRI 7R A, TR R4 i 7
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A AE L RO AR, tn R

AEy, = Ep(TiAl — TijsAl5X)
— Ep(TiAl = TijsAl X))
= Fiot(Ti16AlL5X) — Eyot(Tis Al X)
— Eiot(Ti) + Eior (Al), (1)

Foerb, AR D A tot 73 2R R AR 4 £ RE AT E;
Eiot(Th), Eror(Al) Fl By (X) 735 Ti, Al
MBRET X HIBER. 72 tF 5 ALF 7 A Ti &
TR AR T X BRI & e 2 UL gk or R
THIREE, AR EIPIR S 2R RIS G REE M,
NITEAL TR S O R o R VA RTINS a5
SEAN BT I B BN R BOI10 AL THEESE RN
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E(Ti) = —1597.21 eV, E(Al) = —52.78 eV. K 1 /&
524 4@ ILER V, Nb, Ta, Cr, Mo Al W 43 il &7 4/ Al
AT R 7 IR REE G REZEME, Ay, AEy M
Eus a2 x2x2,2x2x1 M1 x2x 1M
il TIALR R, MR 1A LUE H, R RIS G RESN
TUfE, WAl UiB R o R B AR 1 515 B 1k
REEREM, HILBRETHEERS S AR T
AL E.

*1

Mk R GREZME, X RARBIRET, ABy, ABEL,

AEps FER2Xx2x2,2x2x 1M1 x2x 1m0

TIAVARE A e ZEE

Table 1. Binding energy differences of different met-

A& IR e ER B A o Bl o s AR 7 A0 Ti R 7

als doping systems, which Al and Ti atoms are occu-
pied respectively. X represents doping atom, AFE}q,
AF)o and AFEy3 represent binding energy differences
of 2x2x2,2x2x1and1x2x 1 supercell systems
of TiAl

X AFEy,/eV APFEys/eV AFEp3/eV
\% —2.35 —1.76 —1.72
Nb —2.08 —2.03 —1.66
Ta —2.07 —1.57 —1.68
Cr —2.42 —2.10 —1.88
Mo —2.52 —1.84 —1.93
W —2.61 —1.25 —2.00

3.2 BIEEREN

AN TG & B 4 J5 TieAlis X, TigAl; X
TigAls X 7K RIS H B a, b, cFc/a, PLIEAELL
IE 53 b a%, b% 1 ¢%, W# 2 o). £ TijgAlis X
R, AT LA AR R B 45 26 5 755 45 /1
S AR A E. Cr, Mo MW 45 4% J5 A8 4544 2 1)
B a BB AR K, 1T e A8/, TN L ¢/ a 98/,
Nb Ml Ta #5328 J5, 4 R 1 A& Hl a, b 3K,
TEE RN T o b SR, B KAF T L2, (R X f
c/a¥i R, RAEV B FEEEHa M bENT
1.2%0. Z5 ERTIR, RINAE TijgAlis X R R, ok
KB 2 LU N 3.125% I, 5 2% IR Ak 2R 45 4 1)
SCWAAE 5%0 LY. V, Nb Ml Tats 245, 1544 &
c/a3fK; Cr, Mo MW BI85, KR c/adi/), B
c/a ~ 1.00, BAAR RITALR ST 451, G50 148
WA TR MIE R &R, AT 12 = k) e
PE. B AR LN 6.25% M1 12.5% I, X N7 145 2%
& %N TigAl; X M TiyAls X, Gt S 80 LT
PRI AL, BI4B A4 4A FR 10 A% o 4 o R0 0 338K T
RN, BT CAXE L) ¢/a Y8/, TR I 35 44 0 R K
c/a JNMFHEZ .

%2 RAEBET X BIJ5 TiieAlis X, TigAly X Fl Tig Al X 7 5 #H& $ bl XA 4 b
Table 2. Lattice parameters and various percentage of TijgAl;5X, TigAly X and TigAls X systems after

different metal atoms doping.

X a a% b b% c <% c/a
\% 3.998 —0.12 3.998 —0.12 4.067 0.25 1.015
Nb 4.010 0.17 4.010 0.17 4.070 0.32 1.015
TijeAli5X Ta 4.012 0.22 4.012 0.22 4.077 0.50 1.016
Cr 4.008 0.12 4.008 0.12 4.039 —0.44 1.008
Mo 4.015 0.30 4.015 0.30 4.037 —0.49 1.006
w 4.018 0.37 4.018 0.37 4.034 —0.57 1.004
\% 4.060 1.83 4.060 1.83 3.930 —4.22 0.968
Nb 4.110 3.09 4.110 3.09 3.909 —4.73 0.951
TigAl7 X Ta 4.116 3.24 4.116 3.24 3.915 —4.58 0.951
Cr 4.027 1.00 4.027 1.00 3.961 —3.46 0.984
Mo 4.084 2.43 4.084 2.43 3.909 —4.73 0.957
w 4.081 2.36 4.081 2.36 3.918 —4.51 0.960
Vv 4.107 2.57 4.239 6.27 3.684 —9.73 0.897
Nb 4.134 3.25 4.293 7.62 3.742 —8.31 0.905
TigAls X Ta 4.154 3.75 4.304 7.90 3.744 —8.26 0.901
Cr 4.253 6.22 4.222 5.84 3.492 —14.43 0.821
Mo 4.249 6.12 4.286 7.45 3.553 —12.94 0.836
w 4.261 4.41 4.290 7.55 3.547 —13.09 0.832

077101-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

Y18 Z R  Acta Phys. Sin.

Vol. 65, No. 7 (2016) 077101

25 LRTIR, RILUB AR 3.125% I, AN
TLRBIE, MAMESFE R c > a; UBIRIKER
12.5% I}, R R P H B e < a. HEUR VA —
AN FAB Z R B, A7 T 3.125% F112.5% 2 18], 1815
SR RN E R a = c. c/a fHFEE S 2L LB
B 2PN BT o/ a (/N AT AR
10 T PR RIS, BT8R Ti- AL 8] (R AH HLAE A, R
A R ek 55 TiAL B 4 (0 LA B i, 140 4 B B
PE, RIS 2 R T 208 TiAL & S 2.

3.3 BRUIRIREHE

AXIHHEHBAREBRT B RER@Q)
Ti;sAli5 X, (b) TigAl; X #l(c) TigAls X L5
XTIV Vo FIR R 2 s, Hodh Vo 2 F &
T TIALEE & B AAAR, A AR S5 I o 1 5 11 38 K
M. 2415 229K B8 3.125% I (BP TijeAli5X),
EMFEE ST, VA Crisi)a, IR, /)
AR R 2 5 K46, Nb, Ta, Mo f1 W 45 4<% TiAl
(1) 58 5 AR ¢ REZ A K. B4R E
96.25% I (BI TigAl, X), FIFEEAHE SR T, VAl
Cria: ), AHRMERFRIR /N, 124k R A 5 R 48, A
[F )2 Tats 28 5, EAFEESR T, AR K,
8454k 2 5 HE R 45: Nb, Mo F1 W 3 24 % 44 & (4
SHEFR M/, 3B 4 B 12.5% I, A8 [F) &
5 N AN [ 87 T 45 46 ALK 2 A A AR
WK, VI CriB 2% )G, MR FE /N, HH A
9 AR 53 N2 1.5% F13%.

3.4 ERITHRBHRTIAVKRRVEM MR

R (0 A A S P A R T 1 AN 5 g R
PE, BRE T A T4 T B L, W TR R A
RAMEZENE. TIALNL1, B SRREH, Gk
(AR AT 6 DML AR, MR (2) A1 (3) sURTEL
DU T7 5 R SRR R R B BT DR R G LK
B/G, NRTEEHRB ARG R N #AE 5 A R
BUPIALEE DL A s 5 B D) R LU A A T B 4
RN 3 MK 4 Fi).

B =1/9(2C11 + C33 + 2C12 + 4C13), (2)
G = 1/15(2011 + C33 — C12 — 2C13
+ 6C44 + 3C66). (3)

FESCHEA b, 0T O Pugh HIHE P SkAIWIA
AR A & & e R B 40 TiAl &8 ML &8 AR
HIFZIE. Pugh FI4E IS ASHE NN 2530 5 78 oI
RUFER) 1/3 LRI, MPRHRE B AR R 5
BIUIN & G AR LE, TR s S5 R AR & B Rk
th, HAA#BE STTVIRERIE (B/G) R T &
JREILASTERE J1, Bl B /GBS R, ORI 8T

1.02

0.99

0.96

V/Va

0.93

0.90

0.87

roz2|
100}
0.98|
0.96 |
0.94F

V/Vo

0.92
0.90
0.88
0.86 |-

1.02

0.99

0.96

0.93

V/Vo

0.90

0.87

0.84

0 3 6 9 12 15 18 21
P/GPa

2 AFREH#ETBRER (a) TiteAlis X, (b) TigAlr X
M (c) TigAls X I P 5HEXERV /Vo KK FR, H
Vo —ZE T TiAl 1 & HAR

Fig. 2. The relations between pressure P and rela-
tive volume V' /Vj of doped systems of (a) TiigAli5X,
(b) TigAlyX and (c) TigAl3X under different pres-
sure. Vp represents supercell volume of TiAl under

Zero pressure.
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*3 ARAEGEITRBIME TisAlr X R RINFIEEL C;; M E B.BYIEE G LK B/G
Table 3. The elastic constants Cj;, bulk modulus B, shear modulus G and B/G of TigAl7 X system after

different metals doping.

Supercell C11/GPa Ci12/GPa Ci3/GPa C33/GPa Cy4/GPa Css/GPa B/GPa G/GPa B/G

TigAlg 221.4 33.6 78.5 180.0 111.0 43.1 111.6 81.9 1.36
TigAl7;V 201.2 45.5 99.9 130.2 107.4 44.3 113.7 70.9 1.60
TigAl7Nb 219.7 47.4 81.2 184.9 111.6 41.4 115.9 80.5 1.44
TigAl;Ta 204.5 48.1 96.8 144.2 107.6 51.9 115.2 74.2 1.55
TigAl7Cr 198.0 51.8 95.2 146.4 105.1 39.7 114.1 70.0 1.63
TigAlyMo 199.1 56.3 97.8 141.1 102.0 49.1 115.9 69.8 1.66
TigAl;W 202.9 56.2 100.4 130.1 105.4 53.3 116.7 71.4 1.63

F4 AAEBILEBRE TiaAls X R RIFEE S C,; AR B YIEE G LK B/G
Table 4. The elastic constants Cj;, bulk modulus B, shear modulus G and B/G of TigAlz X system after

different metals doping.

Supercell C11/GPa Ci12/GPa Ci3/GPa C33/GPa Cu4/GPa Ceés/GPa B/GPa G/GPa B/G

TigAly 180.6 82.2 77.9 181.9 111.2 68.2 113.2 78.5 1.44
TigAlzV 173.7 56.3 115.2 134.9 92.3 49.7 117.3 59.9 1.96
TigsAl3sNb 167.5 61.9 119.5 135.2 90.0 50.9 119.1 57.5 2.07
TigAl3Ta 175.4 56.3 122.7 139.0 91.5 50.1 121.5 59.1 2.05
TigAlzCr 183.1 52.2 129.5 129.9 100.8 28.4 124.3 58.3 2.13
TigAl3sMo 157.6 57.2 138.2 137.8 93.8 29.5 124.5 51.4 2.42
TigAlsW 174.7 57.0 138.4 146.3 102.8 30.3 129.2 57.9 2.23

3L MBI IR E N 6.25% N, A ZR B
B AR RN ENITES R WK
LB W, &RIE T35 451k RIS 5 Cy
Cs3(Nb 745 22 BR A1) Bk /), 51 % 3 Chp F1 Cy5
Y88 K, T A B Cug T Cop Fe A B AR 7 AR,
AN Je ik R R & B A G K E, 5245k
SRR R R T S K ERE AN () b gk /s T B D) A
&=, MR B/GAEAE K. R4 Pugh Hl¥E, KBLE
J& 6% Cr, Mo MW # 2% )5, B/G KIME G INHOK.
R U, ATV, Nb Ml Ta, Cr, Mo MW 5 2%
REALIF LG TIAL &R AL S P . B4
W N 12.5% I, G5 SR WK AFTR, 5295 gi ik H
B 1) 5 MR AR, (R A T B AR N
6.25% i, B/G WIEIE K. 1 Mo, 4 Mo 1Y
BAIRFE 6.25% $nE12.5% i, B/G KIEE N
2153%. HIV, Nb, Ta, Cr, Mo Al W4 BAGH)
1k TiAL & J& AL S 0 A F, AR SR 3, Mo (199
A F k.

3.5 BRFRNETLEN

N T BB R T X TIALE & SRR
TIEEVE R OB, ASCUH 5 T B2k R 1

P, 25 5 R P 23 B . DA R AR R A R )
SRR, &8 IC R B AN TiAl & & 712
BE IR 520 2 1 2R AL, Mo JiR 1 A %o L Ath T A
SR ITCRE MR RIS TR, TR AR SC A
&8 Mo B4 M, B A5 3 R Ak Rl
T8 R R LA 2 P TR R A, AT 4B A iR R
BE MR
351 HBRAKEZNETEER

K3 Mot 2« i Jo TIAL & M, 1 x 2 x 1,
2 x2x1,2x2x 2R AL Tifil Mo
Ji 7 s, pFld BT 150 P A % (PDOS). AT LA
B, &JEILE Mo B 2Rl JE AR T TA%E
Z BN AR X BN, MIB AR E R 3.125% B, Ti
JE 7 1) p FEL - W A7 IS Al ) v BE ) 1) 5 TR B2 B3, Mo
JEFHp BT R B B m e g T B s, fF
B AR 2 PDOS VeI 12 EL 7R 4l Mo £ 4 7 1) 0
A5, VSR T W] B8 K. p HL AR AL, U R AT
558 7 THI PR W S5 A8 Ak 347 2% B Mo J& -1~ R B 4T3 T Ji
THIp T Z AR AT p-p HFAH AR T R,
EAFIEALA T W, M7 Bk, AR 5.
T K RE AL % R F d B 7 PDOS U, TiJ&
T d T AL IS AR R S FE 3, VB IR/, S ekt
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0.1
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|
IS
)

PDOS/eV-1

PDOS/eV-1

3 (MTIR) Mo B4 5 RSB 4K A1 AL, Ti fl Mo JiFH's, p M1 d 7 PDOS &, Blrhszek Rk,
2B RIS AR TIAL B, 1 x 2 x 1, 2 x 2 x 1, 2 x 2 x 2 F8 G LA oMl A 3
Fig. 3. (color online) Partial densities of states of different systems with and without Mo doping. The

solid, dash, dot and dash dot pattens denote the partial densities of states of the primitive cell of TiAl and

supercells: 1 x2x1,2x2x1,2x2x2.
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AZ /N, T Mo Ji 7 AR IROK, = U [ v BB 4% 7 [
oo = PR R AL, e BEAG BTG n, AR AR X
YL Mo J& 7 In 2] TiAl & 4 J5 S54RI i Ti &
TR AR TRET d-d A AR, W50 Y
I, R R A, B AR N, AR MBI
FEH 6.25% i, Ti JR ¥ s HLT A7 IR RE A 3
T#10.1 eV, TiJZFHp Mo J5i¥s, pTH
PDOS U [ A48 A0 R B N 3.125% B AR s #42k
Bk, BE R L B 3G N, WA BT RS By, R Bt pE 2
HRHEM. MBARE N 12.5% K, Ti, Mo J&-F 1
s BT AR AL #E -+ 4> B 5, Ti BT s B I AT [ 4%
REZLRSEN T 290.5 eV, Mo J&L T s L T~ [RIEAL 7] 7 fE
WA T KL eV, VSR WA BT K, X Ui B Ti
JE 51 Mo Ji [ s ¥ [ A2 T BH R () s-s HL T
FEAER. TiliFp T HREA HIAKRE g3 T

£70.5 eV, IESRFE I B K, BB A4 ; Mo J& 1
1) p BT 5B AR R 6.25% I (1) PDOS U4 J1
R, XU IN Mo JR 15, Ti JR 51 p BT
558 BRI AR T F 7 A AR PR, SR v B i AR
. TiJE T dBTFRELKRERES) T4 1 eV,
REZLE A Mo J& 111 d LT 8048 JR IR N 3.125%
H16.25% (115 A5 B 16 K, BEth i B 2 i AR
NXUHB )G TR TR AR TFRAE T HER
d-d LT AHELAE ), Wil X, BYa AR /N, RRg AR
A, R TREHNZ SR THE R, A
FIF ARG RE.
3.5.2 HRAKZGEITEE

T L 2 BT, AT DU R R JE L A
(1 BR8] 0 A0, B BT A 2 Hh 25 TR 1) s i
L. 452 Mo #2811 J5 14 R %A1 (110) _E A B AT

(2)

4 Mo B2RH1 5 A RIBIAAR FR (110) T A4 % L]

(b)

Slicel
5.500 X 10—1
4.338x10-1
3.175x 10t
2.013x10-1!
8.500x 102

(a), (b) Al (c) AAMAN2x2x2,2x2x 1H1x2x1

R A LT AR, P B OB AR BT BB AR R A PR
Fig. 4. Electron densities of (110) plane of pure and Mo doping different systems. The panels (a), (b) and

(c) denote the electron densities of supercells: 2 x 2 x 2, 2 x 2 x 1 and 1 x 2 x 1, the left and right chart

denote the electron densities of with and without Mo doping.
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. ATLLEH, 54 TiALME, MoB 4, 5iF
AF0 5 [ 1) FEL A 5 P55 B S 38 o, X U8B Mo Ji 1 5
AR A G R 7R A T IR IAR A R, D 18] Fr
GRS, X— RSB TEHELE R/
i BLAEB 2R N 3.125% 12.5% 2 [A], B 1524
WREE N, 5 4% 5 75 400 T 1 Fa Ao 25 5 1 B
2B, 22 ERTR, Mo JE T 244 51N 7 e 546
&SR T e ER, I8a THRAERE, nT
FEAE T R T ATALE T sk FE R TR B R . X
1E— R RS S0 Ti R 78 ALG 7 1IE
o, BRI T16 04 & i e ERBRE, BRI E N
It X A AR R R B . X AR A S T
AT M 45 RA— 5L

4 % #®

AR FH 3 T 5 B vz R H S 1 58 — 1 JRUE
EWEFE T &8 L& X(X 2 F RV, Nb, Ta, Cr,
Mo FIW) 1540} TiAl 4584 K J) 24 PE B ). il
HEBREREGRINTTE, KWEBITEERS N
AL R T IALE, U EnRBIRIKRIEN 3.125%
F12.5% WAL FEF, KR EEHEE N e > a
BN e < a WHELZEB, FE—MIEFBIKRE,
£ T 3.125% F112.5% 2 18], {H 4545 22 1k & 1) dn k&
W a = c. cfa LIPS A5 ML,
155 Ti-ALJE 18] (A0 ELAE A, [R] B A7 A 4 ek 55
M, Bl E RS TIAl & 44 @ s o, 2
BHRT AT, B4R BRI, 7548 F 0%
N, ANEES 3T R AR A . Ak
Ui, Nb, Ta, Mo 1l W 45 4% 5%F TiAl i Hs 58 5 AH X4
U REAKR, VA Cris2 )G, HFEES T
i TIALR R 5 45

FRE VT 515 2 95 2k 2 s o 4 A At
BB R, RICUBRIRE N6.25% 1, &R
JLE Cr, Mo MW 245, B/G HIERINE K. H
A UE, M%ETV, Nb Al Ta, Cr, Mo Al W 5 7% fig
BF Hh o TIAL G B AL S DI RE M. 158 40K
JE912.5% B, 45 44 % S0P 5 S e R e e AN 2
o, AR AN T3 3 BN 6.25% B, B/G [F{A 3
hn k. Bk, V, Nb, Ta, Cr, Mo MW %2 B A
Pk TiAL & @ A SR . T Mo B35 20k B

M 6.25% 1IN %) 12.5%, B/G HIMEIE INZ 53%, AH
X HAhAZ 7% 6 3R Mo WAk fe o, i v S AS R
JEE Mo 45 2% J& TiALAR 2 1) 53 U5 25 %% FoE 0 o far 85 B2
B, K3 Mo F Ti i+ KA FU K s-s, p-p, d-d HL
THEAEH, It BBEE B ARKREZRIER, BT HE
VEFSG 08, A8 R4 T & 4 Tif ALE -7 1)L
#, AT EE e is e AR .
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Abstract

TiAl alloy has attracted significant attention as a candidate material with high melting temperature, low density,
relatively high hardness and excellent corrosion resistance, good oxidation and creep resistance at high temperatures.
The inherent brittleness at low temperatures is by far the greatest hurdle that prevents it from being widely used in
industries. Doping has long been considered as an effective way to improve the performance of alloy. The properties
of TiAl alloy are highly dependent on the third alloying element. Although the mechanical properties of TiAl alloy are
improved to a certain extent by adjusting the composition, to date the physical mechanism has been still unclear. In
this paper, from the microscopic electronic structure the influence of metal element X (X represents V, Nb, Ta, Cr, Mo
and W) doping on the mechanical properties of TiAl alloy is studied by first-principle method.

The first-principle calculations presented here are based on electronic density-functional theory framework. The
ultrasoft pseudopotentials and a plane-wave basis set with a cut-off energy of 350.00 eV are used. The generalized
gradient approximation refined by Perdew and Zunger is employed for determining the exchange-correlation energy.
Brillouin zone is set to be within 8 x 8 X 8 k point mesh generated by the Monkhorst-Pack scheme. The self-consistent
convergence of total energy is at 5.0 x 1077 ¢V /atom. The supercell (2 x 2 x 2), (2 x 2 x 1) and (1 x 2 x 1) are selected
as a computational model.

According to the calculated structural parameters of the doped systems, we find that the lattice constant ratio ¢/a
decreases with the increase of doping ratio, correspondingly the anisotropy of crystal reduces. The interactions between
Ti and Al atoms are enhanced. Under the same pressure, the influences of doping concentration and type of doping
element on volume are different. According to the obtained elastic constants, bulk moduli and shear moduli of doping
systems, we find that with a doping concentration of 6.25%, Cr, Mo and W doping can improve the toughness of TiAl
alloy more than V, Nb and Ta doping. For a doping concentration of 12.5%, the toughening effect of Mo is the strongest
in all the six doping elements. The strong s-s, p-p and d-d electron interactions exist between the Ti and Mo atom,
which is verified by the results of partial electron density of state and charge density. The strong interaction caused by
doping restricts effectively the migration of Ti and Al atom. It is beneficial to enhance the stability and strength of the
TiAl alloy.

In summary, starting from the microscopic electronic structure we find that doping can effectively reduce the
anisotropy of TiAl alloy, enhance the interaction between Ti and Al atoms, weaken covalent bond energy, enhance metal
bond energy and then promote the plastic deformation of TiAl alloy. The results can provide theoretical support for

improving the performances of TiAl based alloys.

Keywords: TiAl alloy, doping, mechanical properties, first-principles
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