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Phase field crystal simulation of subgrain boundary annihilation and
dislocation rotation mechanism under strain at high temperature
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3 Institute of Physics Science and Engineering Technology, Yulin Normal University, Yulin 537000, China

In this work, the annihilation process of subgrain boundary (SGB) and splitting of low-angle symmetric till grain boundaries(GBs)
during plastic deformation in the representatively system of these materials near but below the melting point and the temperature far
from liquid-solid coexistence line are simulated using the phase filed crystals (PFC) model, respectively. The results show that
premelting GBs at the temperature far from liquid-solid coexistence line will split into two SGBs and glide under strain. With the
strain increasing, these SGBs of dislocations with opposite sign Burgers vectors are close to each other, and generate new grains to
swallow up the old one. Finally these SGBs meet each other and annihilate, and then the SGBs and premelting regions disappear. The
system with two grains transforms into that of one grain. The GBs at the temperature close to melting point under external exerting
strain split into two SGBs with opposite sign dislocation, and move to approach other SGB split from other GB. The SGBs with
opposite sign move close to each other at certain distance to form a dipole of dislocation pair in relative stability. Owing to the shear
stress, the dislocation pair in the SGBs changes its direction two times, about 120°. After that, the SGBs move reverse to approach
other opposite SGB, and appear to dislocation dissociation and transform into ‘“Zigzag” shape of SGBs, and then the dissociated
dislocation annihilates each other. For the premelting GB of the dislocation pair dipole under strain, it will start to extend and
consolidate together, then decompose and separate from each other. In this process, the interaction of dislocation of different types
occur, and also the generation of new dislocations and annihilation of dislocation by gliding, which will result in the change of
Burgers vector of dislocation and the exchange of types of dislocation. The nature of this process is that the atomic lattices are
softening inside the premelting region, which lead to the atomic array easily to gliding and torsional deformation under applying
strain, and result in dislocation reaction in different types inside the premelting region and the change of Burgers vector of
dislocation.

subgrain boundary annihilation, dislocation rotation, high temperature, strain, phase field crystal model
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