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Fig. 1. (color online) Schematic view of -TiAl super-
cell (a) and band structure of -TiAl (b).
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Table 1. Structural parameters of Nb-doped and pure
~4-TiAl systems.

HHSH
(L3
75 [ a/A b/A  ¢/A R=c/a
TiAl P4/mmm 4.007 4.007 4.067 1.015

NboTitaAlig P4/mmm 4.003 4.003 4.088  1.021
NbsTiiaAlig P4/mmm 3.999 3.999 4.108  1.027
NbgTiigAlie Pmmm  4.002 4.006 4.122  1.030
NbgTigAlig P4/mmm 3.989 3.988 4.154  1.041
NbaoTi1tgAlia  Pmmm  3.998 4.098 4.034  1.009
NbsTiigAliz P4/mmm 4.108 4.108 3.956  0.963
NbgTiigAlip Pmmm  3.890 4.152 4.215 1.084

NbgTiigAls P4/mmm 4.192 4.192 3.862 0.921

3.2 HEESEMIREM
SISV 1 R A A R A R AR e ME I B AR AR
—. ORI, T IF A AR A, A R
e g PEBF. X Nb B4 H - TIALE &, J5 T H-F
B R i A T
Ef = (E* —¢E"™ —yEA — 2ENP) /N, (1)
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EAL F1 ENP 43 51 R R 6 2 Ti, ALFIND 7E 55 45
P SEARA SRS T BB R T RE i N RoR A i
R FHG o, y M2 29 3R b i TR 2
AVFEFHFIND 74 &ub b5, 15 ) 550 T,
ALFIND B 55 ¥ R 85 8 —1603.09, —56.47 F
—1551.62 eV, 4fi - TiAl & R A Nb B 4k & 1) 5 RE
Mg NLE2., SGRERH, G NbBRIERT
TE BRI R A, X R RAE 5k R I B A B m)
it JFHFE-IRERI N BRTiBRIER
[T B BE e b Nb B AR ALK R 1T R BB AR, X R B
Nb JFE-7E B 1 45 4k i 5 A 7] T B0 T 55 AR
B isit, XEH TN ET S Ti R FHE ¢
BEHEAKMS AR 7R TR REERZ 1%
e PR, Nb JE 735 44 i) 5+ & 48 Ti 71
P B DR R R MRRE .
#2 NbiBZ +-TiAl 4l ~-TiAl 75 R KRGS R

Table 2. Energy properties of Nb-doped and pure ~-
TiAl systems.

% BARIRE Jat% Et/eV Ef/ev

TiAl —26565.95  —0.41
NboTitgAlse 6.25 —26462.82  —0.40
NbyTi12Alg 12.50 —26359.72  —0.40
NbgTioAlre 18.75 —26255.98  —0.37
NbgTigAlg 25.00 —26153.14  —0.38
NboTi6Al4 6.25 —29554.58  —0.36
Nb4TizeAlr2 12.50 —32543.66  —0.32
NbgTiigAlro 18.75 —35530.63  —0.21
NbgTiigAlg 25.00 —38521.68 —0.24

3.3 BRMFRAEMMEE

PR 558 A 5 A AR 1) 45 4 A g P A A
FE, Y€ T A BERE 41 77 (R0 B2, & it 784 R AR )
KAPEENE. AR 4-TiALA L1 B8 MR
A, e R SR B0 6 S ahor AR i PO Nb 5 2
Jo, A R A AR R AR AR, AR TR AT d &R
A, FLg v B 9 ANk AR B B AR R AR RURR
BB RN AR B
By = [(C11 + Oz + Cs3)
+2(C12 + C13 + Ca3)]/9, (2)

Gy = [(C11 + Ca2 + C33) — (C12 + Ciz + Ca3)
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— 3(Cas + Cs5 + Ceg)] /15, (3)
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AR I W 28 5 5 AR RS & B, BAE LE, A4 RIS
MR TR EE ) 58IV & G, OB TE, PRFB &
SR KR 0 L AE (B, /G,) T LARAE 42 )8 1 28k
BIERe S, W B, /G, [Hil S, MR IE Y LE. M
K3ULEH, X TFNbBERTIBHNER, KR
{10 PR R R B R AR B B 5 B D) AR B 2 LB 45 4
WPE T i T s, M 2 00 BY DA R U Sl T s e

/N KT ND BRALB R R, &R AR E
AT YRR B 5 2R FE I T &1, STt i PN T
Thim, 7R R AR B 5 B P AR 2 B S T e
N TR —BRIRER ND B Ti Bak R
FIND BARAIB AR R, BT 1R R & AN B U] 4
B FR, 0Tk R AR R & 5 8T D)
Z b, BT SR N, T BB A R R R
AR & 5 By D) i & 2 LR LL 4l - TiAL ik R K.
X B E, Nb B Ti 5444k R b4l -TiAl f&
K, Nb B AL 7R R Heali -TiAlR R/MRZ . DL
TR Nb B X Ti 8 2440 E Nb B /C Al#5 246
BT AR A S AR T (M BE ), S H AR
PEEM R W RESR T, XA RS T Nb R+ 5 Ti
JRFHR M ZEAR L, AR R B2 (A —
SEB AR FE VL, Nb B AC AL$5 2% e 0 I Hh b2 b4
B L .

#3 Nb % y-TiAl 4L - TIALE RIOBER 5 C, B R B, B3IV E G, f1 B, /G,
Table 3. The elastic constants C;;, bulk modulus By, shear modulus G, and B, /Gy of Nb-doped and pure y-TiAl systems.

(63 C11/GPa C12/GPa C13/GPa C22/GPa C23/GPa Cs3/GPa C44/GPa Cs5/GPa Ces/GPa B, /GPa Gy /GPa B, /Gy

Ti1eAlis 178.98 65.03 80.64 179.61 80.89 164.04 111.20 111.20 70.12 108.42 78.24 1.39
NbaTigAlie  172.51 82.55 78.79 172.47 78.76 175.84 110.54 110.53 84.94 111.22 79.92 1.39
NbsTii2Alig  172.89 99.83 77.72 172.99 77.61 194.64 110.33 110.33 88.88 116.76 80.93 1.44
NbgTi1gAlis  179.63 107.32 82.07 180.13 82.14 196.78 111.85 112.43 93.17 122.18 82.49 1.48
NbgTigAlig 151.71 129.53 100.19 151.13 99.75 179.40 113.43 113.44 102.20  126.80 76.00 1.67
NboTijeAlis4  153.14 73.72 99.36 152.02 96.76 133.31 93.84 108.58 67.54 108.68 65.23 1.67
NbsTi1eAli2  159.68 80.43 109.81 160.45 109.70 124.33 97.04 97.03 91.15 116.04 66.68 1.74
NbeTiigAlig  127.46 99.08 110.72 150.88 94.03 156.48 24.17 70.41 68.44 115.83 41.34 2.80

NbgTijgAls  160.61 104.35 113.68 156.19 111.52 149.04 84.08 83.80 86.88 124.99 60.04 2.08

JE . MRE A S5 R B R T LUE A5 s ik
FAEARIAR, I RO & ) ek, JF BB

3.4 BRI RBIE T

N T IR RS 2R IR JE X 4-TiAL <5 & 7]
WGP D)5 A B s, FRATR B 2R R RE T
LT A% (density of states, DOS) Fl 73y 45 % &
(partial density of states, PDOS) # 47 1 75
341 BRAKRARF

SRR R IR S WK 2 s, Bl REEAE
N0 eVALE LB & N ok Re. WK 2 W LA
th, # B A R P REH AL PR BE Ik, RESES:
ZIRFLTORBER, KR IHBRIERBAE

BB RIS B RE AR RET KA. X
TH—B IR A R, Nb B R Ti 54k R 1R
R LEND B ALB 2K R AL 98, RE i B 9E,
YEIIAL 3217 K HL T (A R ), B IR
FERR, AL RIX % BE A X I T PUE S R MR, BE
OB, IX 2 RE T B A0 R RS e, A3 R0
AR, BT ND &R Ti 5440 L B4R Al
BIRHREIE AR E S5, IX 55T 2R BaE
45 —EL
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Fig. 2. The band structures of Nb-doped ~-TiAl systems.
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Fig. 3. (color online) The total density of states of Nb-doped «-TiAl systems near Fermi energy.
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Fig. 4. (color online) The total density of states of Nb-doped 7-TiAl systems at same concentrations.
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Fig. 5. (color online) The partial density of states of pure and Nb-doped -TiAl systems.
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Fig. 6. (color online) The partial density of states of s, p and d electrons of Nb, Ti and Al atoms in different systems
with and without Nb doping.
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Table 4. Charge and population of pure and Nb-doped
~4-TiAl systems.
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Abstract

This investigation aims at an Nb-doped 7-TiAl intermetallic compound system in which part of Ti or Al atoms are
substituted by Nb atoms. The structural parameters, the energy band structures, the electronic densities of states and
the elastic constants of Nb-doped «-TiAl intermetallic compound are calculated and studied by using the first-principles
method based on the density functional theory and other physical theory. 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 320 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 3 x 3 x 3 k& point mesh
generated by the Monkhorst-Pack scheme. The self-consistent convergence of total energy is at 1.0 x 107° ¢V /atom.
In view of geometry optimization, it is shown that doping with Nb can change the structural symmetry of the ~-TiAl
intermetallic compound. The calculated formation energies indicate that the formation energy of the system in which
Ti atom is replaced by Nb atom is smaller than that of Al atom replaced by Nb atom. Accordingly, they tend to
substitute Ti atom when Nb atoms are introduced into the v-TiAl system. The calculated band structures of Nb-doped
~v-TiAl system show that they all have metallic conductivities, which implies that the brittleness of «-TiAl intermetallic
compound could be tailored by Nb-doping. The partial densities of states of the Nb-doped and pure 7-TiAl systems
indicate that the intensity of covalent bond between Ti atom and Nb atom is weaker than covalent bond between Ti atom
and Al atom while the Ti atoms are replaced by Nb atoms in the «-TiAl system. What is more, the density of states
near Fermi energy increases after Al atoms has been replaced by Nb atoms in the v-TiAl system. This is an important
factor for improving the ductility of v-TiAl intermetallic compound. The calculated elastic constants, bulk modulus and
shear modulus of Nb-doped ~-TiAl systems indicate that the ductility and the fracture strength of Nb-doped ~-TiAl
system are both better than those of pure y-TiAl system, especially in the system where part of Al atoms are replaced

by Nb atoms. The plastic deformation capacity of Nb-doped +-TiAl system is thus improved comparatively.
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PACS: 61.72.—y, 71.20.Lp, 71.20.—b, 62.20.-x DOTI: 10.7498/aps.66.196101

* Project supported by the National Natural Science Foundation of China (Grant Nos. 11662014, 11764032) and the Major
Innovation Projects for Building First-class Universities in China’s Western Region (Grant No. ZKZD2017006).

1 Corresponding author. E-mail: bschm@163.com

196101-13


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.66.196101

	1引    言
	2计算结构和方法
	2.1 计算结构
	Fig 1

	2.2 计算方法

	3计算结果与分析
	3.1 晶格结构与参量
	Table 1

	3.2 形成能与结构稳定性
	Table 2

	3.3 掺杂体系的弹性性能
	Table 3

	3.4 掺杂体系的电子结构
	3.4.1 掺杂体系的能带
	Fig 2
	3.4.2 掺杂体系的电子态密度
	Fig 3
	Fig 4
	Fig 5
	Fig 6
	Table 4


	4结    论
	References
	Abstract

