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Fig.1 Binding energy between alloying atom and vacancy
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Fig.2 Energy profile of the in-plane migration of different

alloying atoms
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Fig.3 Energy profile of the out-plane migration of different

alloying atoms
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Table 1 Migration energy barrier of the solute atom jump by

vacancy-mediated method

Element In-plane/eV Out-plane/eV

Al 0.76 0.95

\Y 0.61 0.56

Nb 0.32 0.24

Sn 0.52 0.76

Zr 0.20 0.13

Mo 0.36 0.38

Ta 0.51 0.49
Al[11] 0.60 0.70
sn[11] 0.32 0.48
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Fig.4 Migration energies and atomic radius of different

alloying atoms
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Fig.5 Energy profile of the migration of the alloying atom

between the adjacent octahedral interstitial sites along ¢

axis
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Fig.6 Energy profile of the migration of the alloying atoms

between the adjacent octahedral interstitial sites within

the plane normal to the ¢ axis
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Table 2 Migration energy of solute atom jump by interstitial
mechanism Em.normal, Em-paraier are the migration
energy barriers normal to and parallel the ¢ axis,
respectively

Element Em-normai/€V Em-paratie/€V
Fe 0.32 0.35
Co 0.20 0.19
Ni 0.11 0.23

MEERIK Fe. Co Ni BATIZm T B a2 AL
PHU TR LA BRI RS2

3 4 i$

KRAE— RS R AT, R T EE8ET
T o BRHIIH BT o 0 DU AL HL BN & 4 51,
HAER I AN IT R M RE2 W m BKA AL V. Tiv Sn.
Ta. Mo. Nb. Zr, Tfhia]JE-7iE8 HHMER] 5 v AlL Sn.
V. Ti. Ta. Mo. Nb. Zr; PAEBEHLHIIEFE K Co. Fe.
Ni JUIT# e 22 1R 1K .

SE 3k

[1] Banerjee D, Williams J C. Acta Materialia[J], 2013, 61(3): 844

[2] Hayes R W, Viswanathan G B, Mills M J. Acta Materialia[J],
2002, 50(20): 4953

[3] Es-Souni M. Materials Characterization[J], 2000, 45(2): 153

References

[4] Henkelman G, Uberuaga B P, Jonsson H. Journal of Chemical
Physics[J], 2000, 113(22): 9901

[5] Henkelman G, Jonsson H. Journal of Chemical Physics[J],
2000, 113(22): 9978

[6] Shang S L, Hector L G, Wang Y et al. Physical Review B[J],
2011, 83(22): 224 104

[7] Ganeshan S, Hector L G, Liu Z K. Computational Materials
Science[J], 2010, 50(2): 301

[8] Mantina M, Wang Y, Arroyave R et al. Physical Review
Letters[J], 2008, 100(21): 215 901

[9] Pasianot R C, Perez R A. Physica B-Condensed Matter[J],
2012, 407(16): 3298

[10] Hashimoto E, Smirnov E A, Kino T. Journal of Physics
F-Metal Physics[J], 1984, 1 (10): L215

[11] Scotti L, Mottura A. Journal of Chemical Physics[J],
2015,142(20): 4308

[12] Connetable D, Huez J, Andrieu E et al. Journal of
Physics-Condensed Matter[J], 2011, 23(40): 405 401

[13] Verite G, Willaime F, Chu Chun F. Diffusion and Defect
Data Part B (Solid State Phenomena)[J], 2007, 129: 75

[14] Perez R A, Nakajima H, Dyment F. Materials Transactions[J],
2003, 44(1): 2

[15] Koppers M, Herzig C, Friesel M. Acta Materialia[J], 1997,
45(10): 4181

[16] Nakajima H, Koiwa M. Isij International[J], 1991, 31(9): 757

[17] Ganeshan S, Hector L G, Liu Z K. Acta Materialia[J], 2011,
59(8): 3214

[18] Krcmar M, Fu C L, Janotti A et al. Acta Materialia[J], 2005,
53(8): 2369

[19] Janotti A, Krcmar M, Fu C L et al. Physical Review Letters[J],
2004, 92(8): 085 901

[20] Pasianot R C, Perez R A. Journal of Nuclear Materials[J],
2013, 434(1-3): 158

[21] Domain C, Legris A. Philosophical Magazine[J], 2005,
85(4-7): 569

[22] Willaime F. Journal of Nuclear Materials[J], 2003, 323(2-3):
205

First-principles Investigations of Atom Migration in a-Titanium

Zhang Lianji*?, Hu Qingmiao’, Yang Rui*
(1. Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016, China)
(2. University of Science and Technology of China, Hefei 230026, China)

Abstract: Titanium alloys find wide applications in aerospace industry for their high specific strength and good corrosion resistance.
However, limited creep resistance may restrict their applications at high temperature. Experiments demonstrate that the steady creep
activation energy is close to the effective diffusion activation energy, indicating that the atomic diffusion exerts an important effect on the
creep resistance. In the present work, a first-principles method was employed to study the migration energy of various alloying atoms in
a-titanium. The results show that for the atoms migrating through vacancy mechanism, the in-basal-plane migration energy decreases in
the order of Al, V, Ti, Sn, Ta, Mo, Nb, Zr, whereas the out-plane migration energy decreases in the order of Al, Sn, V, Ti, Ta, Mo, Nb, Zr.
For the atoms (Fe, Co, Ni) migrating through interstitial mechanism, the migration energies are quite low.
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