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Fig.1 Structural models of y-TiAl: (a) unit cell of L1 structure

and (b) unit cell of simple tetragonal structure
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Fig.2 Structural models of pure and doped y-TiAl systems: (a) So,
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Table 1 Energy properties of doped p-TiAl systems

R2 HIER y-TIAIRRREMRERSIEES T

Table 2 Elastic modulus and their ratios of pure and

Energy property Energy property doped y-TiAl systems
E/eV E'ev E/eV E'ev Elastic property Elastic property
Si —12540.581 -0.3324 Sss —12218.758 -0.3444 G/MPa B/MPa  G/B G/MPa B/MPa  G/B
S, —14085.849 -0.2423 S -15309.279 -0.1631 So  79.49 111.01 0.7160 Ss4, 70.30 111.01 0.5169
S; —12961.148 -0.4529 S —15309.966 —0.2061 Si 69.26 12722 0.5444 Sss 71.96 127.22 0.5254
Ss  —14506.643 -0.3770 Se;  -15309.420 -0.1720 S, 59.31 96.89 0.6121 Se 67.90  96.89 0.5079
Ssi —12218.347 -0.3187 Ses —15309.724 -0.1910 S;  79.44 120.03 0.6618 Se  60.84 120.03  0.4526
Ss;  —12218.748 -0.3437 Ses -15310.793  -0.2578 Ss  71.63  119.65 0.5987 Ses 64.99 119.65 0.4748
Ss;  —12218.568 -0.3325 S; -13764.393 -0.2772 Ssi 6622 134.51 0.4924 S¢s  72.84 13451 0.5308
Sss —12218.614 03354 Sy —13763.916 —0.2474 Ss2 67.60 136.61 0.4948 S, 7197 136.61 0.5265
Ss; 61.06 121.67 0.5018 Sg 72.53 121.67 0.5405
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Fig.3 G/B of pure and doped y-TiAl systems
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Table 3 Mulliken population of pure and doped »-TiAl

systems
s Atom Mulliken population A.l 3s—3ple
s/e p/e d/e (Tl 4s—>3d/e)
So Al 0.99 2.13 0.00 1.13
Ssi Al 1.04 2.09 0.00 1.09
Ss» Al 1.04 2.11 0.00 1.11
Se3 Al 1.03 2.05 0.00 1.05
Se4 Al 1.01 2.08 0.00 1.08
So Ti 2.32 6.73 2.82 0.82
Ssi Ti 2.45 6.77 2.77 0.77
Ss2 Ti 2.43 6.77 2.79 0.79
Se3 Ti 2.46 6.81 2.79 0.79
Se4 Ti 2.44 6.82 2.79 0.79

x4 FREREScHSHHEEBREH
Table 4 Overlap populations of systems S¢; and Sy

Overlap population

Chemical bond

Se3 So

Zr(Al)-Al(b) 0.48 0.72
Zr(Al)-Al(a) 0.58 0.72
La(Al)-Al(b) ~0.77 0.72
La(Al)-Al(a) “1.54 0.72
Zr(A)-Ti ~0.12 0.07
La(Al)-Ti 3.54 0.07
Al-Al 0.53 0.72
Al-Ti 0.16 0.07
Ti-Ti 0.69 0.11

Note: Zr(Al)-Al(a) is the chemical bond of Zr (or Al) and Al

atom along a axis on one ab plane

y b - 2-500¢-1
¢ ° o ° - 1.875e-1
‘ - 1.250¢-1
o ° ° ° | 6.250e2
- 0.000
© Al

© zr
Bl 4 4R Ses AT So (001)IH 1 HL1iT 2% J&
Fig.4 Charge density of (001) plane of system Se; (a) and S (b)
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of La and Zr Co-doped y-TiAl Based Alloys

Song Qinggong'?, Zhao Junpu', Gu Weifeng', Jiang Qingjie’, Yang Bao bao', Guo Yanrui', Hu Xuelan®
(1. Institute of Low Dimensional Materials and Technology, College of Science,
Civil Aviation University of China, Tianjin 300300, China)

(2. Sino-European Institute of Aviation Engineering, Civil Aviation University of China, Tianjin 300300, China)

Abstract: 16 La and (or) Zr doped y-TiAl systems (Si, Sz, S3, S4, Ss1~Sss, Se1~Ses, S7and Sg) were constructed and investigated using the
plane wave pseudo potentials method based on the density functional theory and other physical theories. The results of average formation
energy show that they possess good energy stabilities. According to the elastic parameters and Born-Huang criteria, it is forecasted that
they (except system Sg;) are in good mechanical stabilities. So, the 15 doped systems can be prepared in experiment and are stable in
existence. The comparison of G/B shows that all La and Zr co-doped systems (especially Ss;, Ssa, Se3 and Sg4) have better ductile properties
than pure y-TiAl systems. The ductility of co-doped systems is not much correlated with comparative position of doping atoms. The
calculation results and discussion about population, charge densities indicate that the improvements of ductility and isotropy of co-doped
systems results from the decrease of Ti 4s—3d, Al 3s—3p charge transfer and increase of free electrons number. This change results in the
weakening of p-d orbital hybrid, the decreasing number of bonds Al (La, Zr)-Ti and the increasing strength of covalent bond Ti-Ti, and then
the chemical bonds Al-Al, Ti-Ti and Al-Ti distinctly tend towards the same strength and become stronger in metallic property.
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