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Fig.1 Schematic diagrams of a cross-slip of screw dislocations in

NisAl crystals: (a) before cross-slip and (b) after cross-slip
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Al-Al - 4" -0.03 0 0.07 -0.89 -1.01 -1.02 -1.81 -219 214 -2.08 -2.08 -2.02
6" -0.10 -0.07 0 -0.96 -1.08 -1.09 -1.88 -226 221 223 -215 -2.09

1 1.90 1.93 0.44 0 -0.12 -0.13 -092 -130 -125 -1.27 -1.19 -1.3
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5t 413 4.16 4.23 2.23 2.11 2.10 027 -011 -0.05 -0.08 0 006

6" 4.07 4.10 4.17 2.17 2.05 2.04 021 -017 -011 -014 -006 O
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Fig.3 Curves of generalized stacking fault energies in NisAl(Re) models: (a) [110](111) direction and (b) [112](111) direction
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Table 3 Anti-phase boundary energies yaps, complex stacking fault energies ycse, unstable stacking fault energies ypu. and

111
Pars | Vare

001 ~jin »'"-NisAl(Re) phases ([hkl] and [0, ¢] are the orientation from A to B sites as well as corresponding

orientation angle related to [110](111) and [112](111) slip)

Model K] A [110](111) [112](111) [110](001) o
[0, 00(9  nsdmIm? Vagimim? [0, 01(9  pusdmIm? yessimdm?®  yon fmd m?

Re-free . - 811 203 - 233 173 110 1.84
Real - Al - 967 302 - 366 332 149 2.02
Reni - Ni1 - 707 59 - 157 42 52 1.13
Ni2 - 688 154 - 211 141 86 1.79

Ni3 - 827 154 - 211 141 86 1.79

Ve (2*) [001]  Al-Al [90, 60] 1023 351 [90, 150] 428 406 162 2.16
HEr(4") [10I] Al-Al [54.8,90] 1097 481 [54.8, 0] 449 396 198 2.43
HRr (1Y) [110] Al-Ni1 [90, 0] 826 87 [90, 90] 241 192 63 1.39
[101] AI-Ni2  [90, 60] 973 279 [90, 150] 285 241 157 1.78

[011] AI-Ni3  [90, 120] 973 279 [90, 150] 285 241 157 1.78

Ver (@) [110] Al-Nil  [35.3,90] 944 301 [35.3, 180] 345 288 138 2.19
[011] AI-Ni2  [35.3,30] 899 293 [35.3, 60] 279 293 157 1.87

[101] AI-Ni3  [35.3, 150] 896 293 [35.3, 60] 279 293 156 1.87

HRr(3Y)  [112] AI-Nil  [90, 90] 950 265 [90, 180] 258 195 148 1.79
Ver(39)  [112] AINil - [62, 49] 985 339 [62, 41] 286 208 187 1.82
HRY ()  [011] Ni1-Ni2  [90, 60] 634 45 [90, 150] 173 39 80 0.56
[T01] Ni1-Ni3  [90, 120] 714 45 [90, 150] 173 39 80 0.56

[110] Ni2-Ni3  [90, 180] 698 60 [90, 90] 131 22 108 0.56

VEu(")  [110] Ni3-Ni3  [35.3, 90] 698 135 [35.3, 180] 246 151 128 1.06
[101] Ni1-Ni3  [35.3,30] 749 36 [35.3, 60] 166 42 80 0.45

V¥ (2)  [100] Ni3-Ni3  [54.8, 90] 794 63 [54.8, 0] 186 35 49 1.29
[010] Ni3-Ni2 [54.8, 30] 802 115 [54.8, 120] 193 79 66 1.74

HRv(39)  [112] Ni3-Ni3  [90, 90] 672 56 [90, 180] 179 40 38 1.47
[112] Ni2-Ni2  [90, 90] 672 56 [90, 180] 179 40 38 1.47

VEN(3) [112] Ni2-Ni3  [62, 131] 685 117 [62, 41] 187 62 73 1.60
HE (4")  [011] Ni2-Ni3  [90, 120] 810 81 [90, 150] 186 38 46 1.76
[101] Ni3-Ni2  [90, 60] 810 81 [90, 150] 186 38 46 1.76
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Fig. 4 Schematic diagrams of local atom configurations of Re atoms doped at three non-equivalent sites of Ni: (a~c) [110](111)

directions, (d~f) [112](111) directions; (g) NisAl unit cell (the Arabic numerals 1, 2 and 3 represent three non-equivalent sites of

Ni); (h) lo and | represent the distance between Re and its nearest neighboring host atoms before and after deformations
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Impact of Defects Induced by Re on Screw Dislocation Cross-Slip in NisAl

Yi Zhou'?, Hu Jia *, Deng Yonghe!, Chen Yi® Wen Dadong®, Gao Ming", Peng Ping?
(1. School of Computational Science & Electronics, Hunan Institute of Engineering, Xiangtan 411104, China)
(2. School of Materials Science and Engineering, Hunan University, Changsha 410082, China)
(3. School of Mechanical Engineering, Hunan Institute of Engineering, Xiangtan 411104, China)

Abstract: The anomalous flow behavior of NisAl at high temperature is closely related to the cross-slip of 1/2[110](111) super-partial
dislocations. In this work, using a first-principles calculation, the impact of the occupation tendency of Re in NisAl crystal and Re-effect
on the nucleation and movement of dislocations in NizAl was investigated. The analysis of energy factors Efme ™ associated with the
formation enthalpy of point defects reveals Re prefers to occupy Al sites, and the Re-Re pair prefers to occupy Al-Al sites in y-NisAl
phase. By calculating the generalized stacking fault energies for [110](111) and [112](111) systems in NisAl, it is found that the Re
atoms occupying Al sites can promote the 1/2[110](111) cross-slip of screw dislocations. A longitudinal arrangement of Rea and Reg
defects should be able to effectively impede the nucleation and movement of dislocations compared with their horizontal layout. Two Re
atoms arranged on adjacent (111) atomic planes will further promote the cross-slip of screw dislocations than when they are arranged on
the same (111) atomic plane. As their interaction is characterized and assessed by a correlation energy function AE®™ (d) between Rea
and Reg point defects, a weak correlation is demonstrated to be favorable for the improvement of the anomalous flow of NisAl at high
temperature. The preferential occupation of Al sites by Re atoms for the improvement of yield strength of NizAl can be attributed to a weak

repulsive interaction between Rea and Rea defects.

Key words: NisAl; generalized stacking fault energies; cross-slip; correlation energy
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