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1. Research background

The free energy of a polycrystalline metal can be reduced either by grain boundary (GB)

migration or grain rotation, or by both of them. These processes take place over different spatial

and time scales, which present severe challenges when developing simulation models. In this

study, the meso-scale phase field (PF)[1] and atomic-scale phase field crystal (PFC)[2] models are

employed to study the GB migration and grain rotation in polycrystalline metal with a constant

displacement loading. PF simulations with over 300 grains show that GB migration tends to be

anisotropic and faster when the load is applied to GB, but fail to get detailed atomic-scale

information about the evolution of the orientation within a grain. On the other hand, from PFC

simulations, the evolution of the dislocation configuration and annihilation of the GB dislocations

are monitored. A newly proposed plasticity process in nanocrystalline metals with grain size less

than ~6nm at room temperature is then confirmed by the present PFC simulation. That is, the

mechanism underlying the grain rotation is found to be dominated by dislocation climb and

dislocation absorption by triple-junction points at GB, rather than GB sliding or diffusional creep

proposed before. Furthermore, the present PFC simulations demonstrate that the evolution of the

misorientation angle and GB dislocations between neighboring grains can be quantitatively

accounted for by the Frank-Bilby equation[3]. Thus, the in-situ transmission electron microscopy

of GB migration and grain rotation[4] can be well described via a hybrid approach of PF and PFC

for the first time. The underlying mechanism obtained by the multiscale simulations allow a deep

understanding of how plasticity is generated and developed in nanostructured materials.

2. Mesoscopic methodology

4. Discussion
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5. Conclusion
◆ GB migration and grain rotation always occur simultaneously during grain growth.

◆ Grain rotation in this case is found to be mediated by climbing and absorption/generation of 

Frank-Bilby dislocations in the GB, differing from the previously proposed mechanism for GB 

sliding or diffusional creep. 
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3. Microscopic methodology

Fig.1. MPF simulation of polycrystalline grain growth. (a) Stacking of grains of different

orientations in the simulation cell. (b) Three dimensional morphology of a single grain.

Fig.2. (a) the gray-scale snapshot represents the simulation cell's cross-section when Z=256 grids after 300s. (b) The schematic

drawing of a grain (“blue” region in Fig.2a) in a polycrystalline and the grain (“red” region in fig.2c) after GB motion. (c) The

gray-scale snapshot represents the cross-section of the simulation cell when Z=256 grids after 700s.

Fig.3. (a) Schematic of equiaxed grains with different orientations in the (111) surface of FCC structure. (b) The

initial atomic configuration of polycrystalline was generated by the PFC model after 100,000 time steps for relaxation.

(c) The atomic configuration on (111) plane in a FCC structure; (d) Free energy as a function of relaxation time.

Fig. 4. Simulation images taken at different evolution time displaying the GB dislocation-mediated grain rotation. (a) Two

pairs of GB dislocations (as marked with ‘T’) at 𝐺𝐵3−4. (b-d) The number of the dislocations increased during straining.


