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Fig. 1. Structure of graphene bicrystal system containing a

grain boundary (GB) loop: (a) Illustration of lattice orienta-
tion in the graphene bicrystal system, with the inset show-
ing the arrangement of 5|7 dislocations at the GB loop;
(b) magnified view of the rectangular region in panel (a);
(c) atomic structure diagram of the 5|7 dislocation in panel

(b) and its Burgers vector (indicated by the red arrow).
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Table 1. Parameters of the twelve graphene bicrys-

tal systems.
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b5 Y fhde s o /(°)

1 1.1 -1.1 0 59.5 0.3 60.7
2 6.1 3.9 5 54.5 5.3 65.7
3 11.1 8.9 10 49.5 10.3 70.7

4 16.1 13.9 15 44.5 15.3 75.7
5 21.1 18.9 20 39.5 20.3 80.7
6 26.1 23.9 25 34.5 25.3 85.7

31.1 28.9 30 29.5 30.3 90.7

[l

36.1 33.9 35 24.5 35.3 95.7
9 41.1 38.9 40 19.5 40.3  100.7
10 46.1 43.9 45 14.5 45.3  105.7
11 51.1 48.9 50 9.5 50.3  110.7
12 56.1 53.9 55 4.5 55.3  115.7

(a) (b)

B2 WER0MEERRTRE (a)—(d) e=
0.59%, 5.85%, 6.09%, 7.58%

Fig. 2. Brittle fracture process in bicrystal system 10:
(a)—(d) ec = 0.59%, 5.85%, 6.09%, 7.58%.
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Fig. 3. Schematic diagram of topological structure evolu-
tion of the GB loop in the graphene bicrystal systems:
(a)~(d) ee= 0.59%, 3.25%, 3.72%, 4.19%. (e) Response
curves of average strain versus applied strain for twelve
graphene bicrystal systems with different crystallographic

orientations.
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Fig. 4. Bicrystal system 7, elastic response process of dislocation I (a = 29.5°) in the GB loop under strain: (a) Microstructure of
the 5|7 dislocation; (b) strain distribution contour of panel (a) with values of compressive strain (CS) and tensile strain (TS); (c) re-

sponse curves of average local strain ( &y, — Egy ) versus applied strain ee at the 5|7 dislocation core.
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tion I; (b) dislocation II.

0.09 L(c) — el =3.16%
T — e2=3.22%
0.08 L s — &2 =3.28%
x — e =3.31%
0.07L — &2 =3.34%
C:;:
)
| 0.06
0.05 -
0.04f K
I I
I I
0.03 e
0 200 400 600 800 1000

Position X/AX

6 XUHIRR 10, SRR I S04 (o= 45.3°) Z5HIEE AR K], Hib (a) ee = 3.22%, (b) ee = 3.28%; (c) #it- 38 M 56 70 5 72 1) - 44
A ( 2y — £, )-SMINEAE <. U 2%

Fig. 6. Elastoplastic transition in bicrystal system 10, microstructural evolution of defect structure transformation at dislocation II
(a = 45.3°) in the GB loop: (a) €. = 3.22%; (b) €. = 3.28%. (c) Response curves of average local strain ( &yy — agy ) versus ap-

plied strain e .
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Fig. 7. Temperature-dependent microstructural transforma-
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(c), (d) dislocation II. (e) Bar chart of critical strain versus
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Fig. 8. Bicrystal system 12, microstructural evolution and strain response of dislocation I (o = 4.5°) in the GB loop under applied

strain: (a)—(e) Microscopic evolution of dislocation defect structures and corresponding strain contour plots at the dislocation core

region (e. = 3.72%, 3.75%, 3.83%, 3.86%, 4.01%); (f)—(j) schematic diagrams of the corresponding evolutionary stages; (k) curve of

average local energy density versus applied strain for dislocation I; (1) response curves of average local strain (&yy — afly ) at the

dislocation core versus applied strain e .
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Fig. 9. Bicrystal system 4, microstructural evolution and strain response of dislocation II (o = 15.3°) in the GB loop under ap-
plied strain: (a)—(f) e. = 3.16%, 3.19%, 3.89%, 3.92%, 3.98%, 4.01%; (g) curve of average local energy density versus applied strain

for dislocation II; (h) response curves of average local strain ( &yy — &9

oy ) at the dislocation core versus applied strain ee .
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Fig. 10. Bicrystal system 4, microstructural evolution and
strain response of dislocation I (o= 44.5°) in the GB loop
under applied strain: (a)—(d) e.= 3.51%, 3.54%, 3.60%,
4.19%; (e) corresponding response curves of average local
strain ( &yy — egy) at the dislocation core versus applied

strain ee .
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Fig. 11. Bicrystal system 3, microstructural evolution and
strain response of dislocation III (« = 70.7°) in the GB
loop under applied strain: (a)—(c) ec = 0.59%, 1.76%, 2.93%;
(d) corresponding response curves of average local strain

(&yy — égy ) at the dislocation core versus applied strain e .
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Dynamical behavior of graphene dislocations
based on crystal phase field model”
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Abstract

The study of the evolution of grain boundary (GB) structures and the mechanisms of dislocation motion in
graphene is of significance in uncovering the physical essence of plastic deformation behavior of graphene.
Currently, the dynamic behavior of graphene GBs under non-mechanical loads has been extensively
investigated. However, due to the inherent limitations of existing experimental conditions and simulation
methods in terms of temporal and spatial scales, the dynamic evolution process of dislocations in graphene
under mechanical tensile loads and their intrinsic correlation with plastic deformation are still poorly
understood. In this work, a phase-field crystal (PFC) model based on classical density functional theory (DFT)
is adopted. Combining periodic density field variables, the model achieves cross-scale coupling between
microscopic crystal structures and macroscopic diffusion time scales, enabling efficient simulation of long-term
evolution processes. It is particularly suitable for characterizing microscopic mechanisms involving complex
defect evolution in graphene, such as dislocation glide and climb, and GB migration.

In this work, the complete deformation process of a graphene bicrystal system containing a GB loop under
uniaxial tensile loading is simulated on an atomic scale, including elastic response, elastic-plastic transition,

plastic deformation, and fracture. The transformation characteristics of 5|7 dislocation core structures and the
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topological evolution of the GB loop within the system are systematically investigated. The simulation results
reveal that when the applied strain is below a critical value, the system exhibits the elastic response,
characterized by a linear relationship between the average response strain and the applied strain. As the strain
reaches the critical value, the 5|7 dislocations at the GB loop undergo transformation into 5|7|7|5 dislocations
through C—C bond rotation. This transition is accompanied by a significant increase in the strain amplitude at
the dislocation cores, marking the onset of plastic deformation. Beyond the critical strain, the system thus
enters the plastic deformation stage, during which the GB loop exhibits three different types of evolution
behaviors: 1) alternating transformations between 5|7 and 5|7|7|5 dislocation structures driven by repeated
C—C bond rotation; 2) a cyclic evolution of dislocations involving “pinning = mixed climb/glide motion”,
accompanied by energy fluctuations described as “energy storage-dissipation-restorage”; 3) dislocations
remaining in a “pinned” state until stress concentration in their core regions initiates transgranular cracking,
ultimately leading to ductile fracture of the system.

This study provides important theoretical insights into the physical mechanisms underlying the plastic

deformation behavior of graphene.
Keywords: phase-field crystal model, graphene, grain-boundary, 5|7 dislocation
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