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Fig. 1. (color online) The structure models of -TiAl:
(a) The L1 unit cell of v-TiAl; (b) the simple tetrag-
onal unit of v-TiAl

(c) (d)

B2 (MTIE M) B4 ~-TiAl K & (a) TirZrAls, (b)
Tillerllg, (C) T117ZI‘A118, (d) Ti26ZrA127 E‘]gﬁ*@*ﬁ
ﬂ

Fig. 2. (color online) The structure models of
doped ~v-TiAl systems: (a) TizZrAlg; (b) Tii1ZrAlig;
(C) Tii7ZrAlsg; (d) TiogZrAlay.
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Table 1. Structural parameters of Zr-doped and pure

~v-TiAl systems.

Gt zw
&R
a/A c/A 7 [HHE
TigAls 2.8187 4.1191 P4/mmm
TiyZrAlg 2.8462 4.1370 P4/mmm
TigAly Zr 2.8958 4.0294 P4/mmm
Tiz2Al2 2.8219 4.1151 P4/mmm
Tip1ZrAls 2.8441 4.1212 Pmmm
TijaAl11Zr 2.8610 4.0740 Pmmm
TiigAlis 2.8234 4.1108 P4/mmm
Tiy7ZrAlg 2.8355 4.1197 P4/mmm
TiigAly7Zr 2.8452 4.1032 P4/mmm
Tia7Alay 2.8267 4.1002 P4/mmm
TiggZrAlar 2.8343 4.1075 P4/mmm
Tig7 AlogZr 2.8445 4.0853 P4/mmm
0.12
0.10
0.08 F e
0.06 | Pt
0.04 e
oo .- ’.','.’.-- A . 2
T ._H—,_"".u A A
Iy 0 oo o
T o0z} SR
—0.04F A Aay T oo
—0.06F ~—® Aay R
—0.08f A A RN
—0.10F ~O Ac ©
~0.12 '
0 1 2 3 4 5 6 7
z/at%

K3 Zr B2 y-TiAl A R B S BN E 5% K EZH
Fig. 3. The relations between the lattice parameter in-
crements and the impurity concentration in Zr-doped

v-TiAl systems.
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Fig. 4. The relations between axial ratio as well its incre-

ments and the impurity concentration in Zr- doped v-TiAl

systems.
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EERAL EF, BERZHNBRER XHLE
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P75, Zr JR 7] e DLACK B M2 B AR AL T,
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Ak BRI BRI R Ar SRS NI, JEE RS
SR AT IR A SO A AL L DA R A e T A T A
#1451 TisoAlusZro &4, FEHHARZ Zr 4K T AL
T X, ARy A AL T TisoAlso(BP y-TiALK]
5% 5 x 280 Al TisoAlysZro BERL 3% FH [FIRE AT
7 AT T L A I B e AT B R
MG PR REE. &R BN, EATN R
T RE 2 N —0.4334 11 —0.4102 eV, ~HMHE RN
AE" = 0.0232 eV. X4 R 53K 2 1 Ti, Al,_1Zr
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Table 2. Energy properties of Zr-doped and pure ~-
TiAl systems.

AE M
(3
Et/eV Efjev AEf/ev
TigAls —13282.7868  —0.4341
TirZrAlg —12960.7112  —0.4368  —0.0027
Tig Al Zr —14506.2104  —0.3652 0.0689
TiroAl1s —19924.0729  —0.4296
Ti;1ZrAli —19602.0101  —0.4319  —0.0023
TijoAlj1Zr  —21147.4939  —0.3836 0.0460
TirgAlis —29885.9727  —0.4258
TiizZrAlis  —29563.9149  —0.4275  —0.0017
TijgAljzZr  —31109.3906  —0.3951 0.0308
Tig7Alar —44828.8860  —0.4245
TigeZrAley  —44506.8708  —0.4264  —0.0019
TiozAlgeZr  —46052.2161  —0.4023 0.0221
3.4 HFMR

i P PR PR o T DL e R Y S A R S
% (density of states, DOS) KA. 15 4R
R, AR R RE T S5 2 A K. AR ST L
TiiaAly2, TipZrAlys A Tijg Al Zr = AME R RN H)
AT IR, BRI REH AR an B 5 . B 5 R,

FE R RE T XK, e LT84 2 7 il
POKRES. KRR =FE R B ENERT
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> —_— ——
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Energy/eV
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>
]
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>
9
g _——
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5 5 —
—
/ e —
—10
el F Q z a
TigpAly Zr

Bl5  TiipAli2, Ti11ZrAlig Fl TiggAl1Zr B R (z =
4.17 at%) HIRETT £ 1

Fig. 5. The band structures of TijaAlj2, Tij1ZrAli2
and Tij2Alj1Zr systems (z = 4.17 at%).
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Fig. 6. The density of states of Zr doped 7-TiAl systems near Fermi energy: (a) z = 1.85 at%; (b) = =
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Abstract

This investigation aims at the Zr-doping in 7-TiAl alloy systems in which Ti (or Al) atoms are partly replaced and
the impurity concentrations are 1/54, 1/36, 1/24 and 1/16 (molar ratio), respectively. The structural, energy, plastic and
electronic properties of the alloys are calculated and studied by using the first-principles method based on the density
functional theory and other physical theory. From geometry optimization results it is shown that doping with Zr can
change the structural symmetry of the -TiAl systems. These results also suggest that the cubic degree of Zr-doped
~-TiAl alloys can be increased due to the Zr-substitution. For instance, the cubic degrees of Tij2Al11Zr and TijgAli7Zr
systems are enhanced distinctly, which are positive for improving the mechanical properties of the alloys. The average
formation energies obtained indicate that the Ti atom replaced by Zr can slightly decrease the formation energy of
the system (< 0.003 eV /atom); while Zr substituting the Al atom can increase the formation energies of the systems
(< 0.07 eV/atom). Accordingly, when Zr atoms are introduced in the «-TiAl system, they tend to substitute Ti atoms,
and can also substitute Al atoms with a certain possibility. Thus, various Zr-doped ~-TiAl regions can be produced in
the system. The integral effects are of significance for improving the performance of the y-TiAl based alloys by means
of Zr-doping method. Comparing the axial ratios of Zr-doped -TiAl systems with that of pure «-TiAl system, we find
that Zr substituting Al atom can reduce the axial ratio of the Zr-doped alloys, which is responsible for the ductility of
the materials. It should be mentioned that when the impurity concentration is in the range of 1.85 at%—6.25 at%, the
doping effect will be most distinct and the axial ratio of the alloys is close to unity. It is expected that the Tii2Ali1Zr
system has a good ductility for its axial ratio equals to 1.007. The band structures of Zr-doped 7-TiAl systems show
that they all have metallic conductivities. After Zr atom substitutes the Al atom in the «-TiAl system, the intensity of
covalent bond between Zr atom and its nearest neighbour Ti atoms in Ti;2Al;1Zr system reduces evidently and the bond
length increases (0.032 A), which is indicated by the obtained overlap population (decrease by 0.21) and the densities of
states in the Zr-doped and pure y-TiAl systems. These results in the decrease of average intensity of Ti—Al(Zr) bonds
and the increase of metallic bonds in Tij2Alj1Zr system, which is an important factor for improving the ductility of
~-TiAl based alloys.

Keywords: Zr-doped ~-TiAl, crystal structure, ductility, electronic property
PACS: 61.66.Dk, 61.50.Ah, 62.20.fk, 68.65.-k DOI: 10.7498/aps.65.046102
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