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Fig. 1 Calculation models of point defective structures of B2-CoSc: (a) Single vacancy defect at Co site; (b) Single anti-site defect

at Co site; (c) Single vacancy defect at Sc site; (d) Single anti-site defect at Sc site; (e) Double anti-site defects at Sc and its 1st

Nearest Neighboring NN Sc site; (f) Double vacancy defects at Sc and its 1st NN Sc site; (g) Double vacancy defects at Co and its
Ist NN Co site; (h) Double anti-site defects at Co and its 1st NN Co site; (i) Double vacancy defects at Sc and its 2nd NN Sc site; (j)
Double anti-site defects at Sc and its 2nd NN Sc site; (k) Double vacancy defects at Sc and its 3rd NN Sc site; (1) Double anti-site

defects at Sc and its 3rd NN Sc site; (m) Three vacancy defects at Co sites; (n) Three anti-site defects at Co sites; (o) Three vacancy

defects at Sc site; (p) Three anti-site defects at Sc site
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Table 1 Formation heat, formation energy and binding energy of Sc with double vacancies and Co with double anti-sites(eV)

Double vacancies at Sc sites

Double anti-sites at Co sites

Parameter 1st nearest 2nd nearest 3rd nearest Ist nearest 2nd nearest 3rd nearest
neighbor neighbor neighbor neighbor neighbor neighbor
AH/eV -0.135 -0.260 0.127 =2.101 -2.142 -2.333
AE/eV 4.193 4.028 4.455 2.227 2.207 2.000
AD/eV -0.39 —0.38 -0.36 -0.25 -0.26 -0.29
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Fig. 2 Energy per vacancy in Cog_,Scg or CogScg,(n=1, 2, 3)
supercells with n vacancies: (a) Formation heat; (b) Formation

energy; (c) Binding energy
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Fig. 4 Total state densities of Co;Scg, CogSc,;, CogScy and

Co;Scy intermetallic compounds: (a) With Sc detects ; (b) With

Co detects
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Table 2 Calculation results of modulus and y of six kinds of intermetallics with point defects

Co10Scq Co10Scq Co10Scq
Parameter (1st nearest (2nd nearest (3rd nearest CosScy CogScs CosSey CoSc
neighbor) neighbor) neighbor)

132.89 141.10 112.41 79.95 88.32 76.6 2.70

60.41 49.03 49.91 19.68 39.57 33.0 72.70

0.30 0.34 0.31 0.35 0.31 0.31 —0.85

B/IG 2.19 2.88 2.25 4.06 2.23 2.32 0.037
C1p-Cyy 45.61 30.23 29.23 =7.77 56.53 21.61 —118.3

—IE4R Co B4\ Co MU Co MU AT 25 =48
Co XU A5 — T AB AT Co =4 1) y FAk 2351 4 0.30.
0.31. 0.31. 0.31. 0.34 F110.35, HAKKIEN, 464
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()4 RS dc i, AEJRVESRF; Y y s {E A fU,
BE R~ BRI B IR ok, BRI H AT
D7 1) PR (R LA B KR P, H T 58 88 1K) CoSe A& I
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Effect of point defects on physical and mechanical properties of
B2-CoSc intermetallic studied by first-principles method

ZHU Pan-pan, GUO Xue-feng, CUI Hong-bao

(School of Materials Science and Engineering, Henan Polytechnic University, Jiaozuo 454000, china)

Abstract: First-principles based on the density functional theory was conducted to systematacially investigate the
thermodynamic parameters, the electronic structures and the elastic properties of B2-CoSc intermetallic with 16 different
point defects. Structural stability and elastic-plastic deformation mechanism were studied based on the calculation. The
results show that the lowest formation heat and formation energy of single vacancy at Co site are —6.78 ¢V and —0.43 eV,
respectively, so the B2-CoSc intermetallic with single vacancy at Co site is the easiest to form at stead state at room
temperature condition. The formation heat and the formation energy of anti-site defect at Co site are —6.152 ¢V and 2.504
eV, respectively, and the intermetallic with anti-site defect at Co site is also easier to form and more stable. It is concluded
that the most possible forms of point defects are vacancy and anti-site defects at Co site. Specifically, they are single
vacancy, double vacancies, three vacancies and double anti-site defects at Co site. The vacancy and anti-site defects at Co
site are more stable than vacancy and anti-site defects at Sc site, followed by fermi level and pseudogap of electronic state
density figure. Therefore, three vacancies defect at Co site of CoSc intermetallic has the strongest metallic bonding and
the best plasticity among the intermetallics with six kinds of point defects by comparing the values of poisson y. So, the
plasticity of intermetallics with vacancy defectes is improved, comparing with the plasticity of perfect CoSc intermetallic.

Key words: B2-CoSc intermetallic; first-principles; point defect; plasticity
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