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Table 1 Cartesian coordinate system orientation of grain A

with different orientations
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Fig. 1 Schematic diagram of nano-nickel bicrystal atom

model with twist boundaries and double void
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Fig. 2 Evolution process of nano-nickel bicrystals with (010) twist boundary: (a) 6=0°; (b) 6=14°; (c) 6=45° (In each

snapshot, blue area corresponds to grain A, yellow area corresponds to grain B)
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Fig. 3 Microscopic atomic configuration of defect evolution of nano-nickel bicrystals with (010) twisted grain boundaries at

twist angle of 0° (the red atoms are HCP atoms, the blue atoms are BCC atoms, and the green atoms are FCC atoms, the same
below): (a) €=0.045; (b) e=0.065; (c) e=0.1; (d) e=0.14; (e) &=0.25; (f) &=0.3
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Fig. 4 Microscopic atomic configuration of defect evolution of nano-nickel bicrystals with (010) twisted grain boundaries at
twist angle of 14°: (a) e=0; (b) £=0.06; (c) £=0.14; (d) &=0.2; (e) &=0.25; (f) &=0.3
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Fig.5 Microscopic atomic configuration of defect evolution of nano-nickel bicrystals with (010) twisted grain boundaries at
twist angle of 45°: (a) e=0; (b) £=0.039; (c) &=0.1; (d) &=0.14; (e) £=0.2; (f) &=0.25
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Fig. 6 Schematic diagram of mechanism of effect of twist boundary at different twist angles on evolution of intercrystalline

cracks and voids in nano-nickel bicrystal: (a) =0°; (b) 6=14°; (c) 6=45°
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Fig. 7 Distribution of different types of dislocations at different orientation twist boundaries: (a) (010) twist boundary; (b)

(110) twist boundary; (c) (111) twist boundary

Kl 8 B N E A (110)H 5 S AL /AN 1410 Fow, TR &SI, Wi 8(b)fix, 1E
O A Y [ AR P O R A R P 8(a)  ARITAE 0.025 B, A A R 7E LG G S HE



2154 hEA O RYR

2021 48 A

(@
8 T (110)HLFL i A B DK AR XU AR S £ 09 14° I B B s AL SO0 Jd ) 2R I
Fig. 8 Microscopic atomic configuration of defect evolution of nano-nickel bicrystals with (110) twisted grain boundaries at
twist angle of 14°: (a) e=0; (b) £=0.025; (c) €=0.035; (d) £=0.1; (e) =0.14; (f) £=0.23
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Fig. 10 Dislocation density of different types at grain

boundaries with different crystal orientations
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Fig. 9 Microscopic atomic configuration of defect evolution of nano-nickel bicrystals with (111) twisted grain boundaries at
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Influence of twist angle and orientation on fracture of
nano-nickel bicrystal with micro-defects

DING Jun', TONG Quan', ZHANG Sheng-lai', WANG Lu-sheng’, HUANG Xia',
SONG Kun', LU Shi-qing'

(1. College of Mechanical Engineering, Chongqing University of Technology, Chongqing 400054, China;
2. College of Materials Science and Engineering, Hefei University of Technology, Hefei 230009, China)

Abstract: The molecular dynamic simulation was conducted to analyze the influences of twist angle of twist
boundary (TB) and orientation on fracture of nano-nickel bicrystal with micro-defects under uniaxial tensile
loading. The result shows that the twist angle and orientation determine the density of misfit dislocations at the
twist boundary, affecting the nucleation and emission of dislocations in nickel bicrystal. With the increase of twist
angle, the nucleation and emission of dislocation at grain boundaries gradually increase, the cracks propagate
forward more quickly, and the deformation of the void becomes smaller, so that the fracture caused by void growth
at 0° changes to the fracture caused by propagation of the cracks at 45°. For nano-nickel bicrystal with twist
boundaries in different crystal directions, (110) twist boundary nickel bicrystal has a greater crack growth rate
compared to (010) and (111) twist boundary nickel bicrystals, the concentration of plastic deformation also makes
the void growth not obvious, and it is completely fractures before the strain reaches 0.3. However, the crack
propagation of the (110) and (111) twist boundary nickel bicrystals is more difficult, and the void growth is more
obvious. And the (110) and (111) twist boundary nickel bicrystals not completely fracture when the strain reaches
0.3, so they have better ductility and malleability.

Key words: nickel bicrystal; molecular dynamics; twist boundary; twist angle; orientation; voids; crack
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