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Fig. 1. Phase diagram of the two-dimensional square lat-

tices (the black part is the two-phase coexistence region).
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Fig. 6. Simulation of grain boundary dislocation motion under strain with @ =4°: (a) ¢ = 50; (b) ¢ = 14150; (c) t = 15250; (d) ¢ =
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Fig. 7. Simulation of grain boundary dislocation motion under strain with @ = 6°: (a) ¢ = 50; (b) ¢ = 15000; (c) t = 16350; (d) ¢t =
19550; (e) ¢ = 23500; (£) ¢ = 26950.

(a) t = 50; (b) ¢ = 15000; (c) t = 16350; (d) ¢ = 19550; (e) t = 23500; (f) ¢ = 26950
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Fig. 8. Simulation of grain boundary dislocation motion under strain with 0 = 8°: (a) ¢ = 100; (b) ¢ = 16350; (c) t = 17500; (d) ¢t =

20400; (e) ¢ = 25000; (f) ¢ = 34750.
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Fig. 9. Variations of free energy under different misorientations: (a) € =4° (b) 6 =6°; (c) 6 = 8°.
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Fig. 10. Dislocation configuration of crystals contamlng dislocation groups and correspondmg strain contours of different strain ori-

entations: (a) Crystal configuration diagram; (b) €gzz; (€) €ay; (d) €yy-
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Fig. 11. Evolution of different dislocation reaction configurations: (a)—(d) R1 configurations; (e)—(h) R2 configurations; (i)—(1) R3
configurations; (m)—(p) R4 configurations; (q)—(t) R5 configurations.
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Abstract

In this paper, the phase field crystal method is used to study the dislocation motion and reaction of the
square phase symmetric tilt low-angle grain boundaries, and the dislocation configurations with different
misorientation angles are analyzed under the action of applied strain. The geometric phase approach is used to
characterize the strain field around the dislocations. The results show that after the solidification relaxation, the
interfacial dislocations on both sides of the grain are distributed in parallel but opposite direction. With the
increase of misorientation angle between grains, the number of dislocations increases, the spacing between them
decreases, and the free energy of the system increases. Imposed by the applied strain, the grain boundary
dislocations undergo climbing, launching, and reactive annihilation, with the free energy fluctuating. When the
misorientation increases, the dislocation motion mode changes from climbing to climbing-sliping, resulting in
more dislocation group configurations, and more reactions between dislocations and dislocation groups. For the
dislocation reactions of different configurations, positive shear strain drives dislocations to approach, and

negative shear strain drives dislocations to annihilate.
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