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Fig. 1. Simulation model of graphene on the surface of WC-Co.
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Table 1. Fit parameters used by the ABOP of
WC, the parameters for the W-C system are taken
from Ref. [23].
W-W W-C Cc-C
Dy/eV 5.41861 6.64 6.0
o/ A 2.34095 1.90547 1.39
B/A1 1.38528 1.80370 2.1
S 1.92708 2.96149 1.22
Y 1.88227x1073  7.2855x1072  2.0813x10~%
a/A? 0.45876 0.0 0.0
¢ 2.14969 1.10304 330
d 0.17126 0.33018 3.5
h ~0.27780 0.75107 1.0
R/A 3.5 2.8 1.85
D/A 0.3 0.2 0.15
HEIEAN
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Fig. 2. Variation of the potential energy of WC-Co within
20 ps relaxation time at 1300 K.
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Fig. 3. Front and side growth of graphene at different temperatures: (a), (c), (e) Top views at 1100, 1300, 1500 K; (b), (d), (f) front

views at 1100, 1300, 1500 K.
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Fig. 4. Quality of growing graphene at different temperatures: (a) The number of five, six, and seven-membered carbon rings in

graphene at different temperatures; (b) the black broken line represents the proportions of five and six-membered carbon rings at

different temperatures; the blue broken line represents the RMS values of graphene at different temperatures.
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B 5 AN CDR &, KA S0 EE . R E LR =45 E (), (b), (c), (d) CDR H 2, 5, 10, 20 ps/C B 1) 1E W & ;
(e), (f), (g), (h) CDR H 2, 5, 10, 20 ps/C B BMALIE; (i), (), (k), (1) CDR A 2, 5, 10, 20 ps/C I i = 4EIE 5 &

Fig. 5. Front view, side view and topography of growing graphene under different CDRs: (a), (b), (c), (d) The front views at CDRs
of 2, 5, 10, 20 ps/C; (e), (f), (g), (h) the side views at CDRs of 2, 5, 10, 20 ps/C; (i), (j), (k), (1) three-dimensional topography at

CDRs of 2, 5, 10, 20 ps/C.
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Fig. 6. Quality of graphene grown under different CDRs.
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v iene
DR ()
LS, ‘5

B 7 fEANHEBE, £ REA SR ARKAGBGEWIEMNR  (a) 0.229 ns; (b) 0.250 ns; (c) 0.264 ns; (d) 0.405 ns; (e) 0.411 ns;
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Fig. 7. Front views of graphene growth on cemented carbide at different times: (a) 0.229 ns; (b) 0.250 ns; (c) 0.264 ns; (d) 0.405 ns;
(e) 0.411 ns; (f) 0.587 ns; (g) 0.676 ns; (h) 1.649 ns; (i) 3.070 ns.
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Fig. 8. Graphene defect self-healing process: (a), (b) The carbon chain rotation process; (c), (d) the splitting generation process;
(e), (f) the intercalation generation process.
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Abstract

In this paper, molecular dynamics is used to simulate the self-assembly of carbon atoms and the growth of
graphene on the surface of cemented carbide, which has some advantages, such as reducing manufacturing costs,
shortening the experimental cycle, and optimizing the preparation parameters of graphene. A proper potential
function is designed to simulate the formation of graphene on the WC (1010 ) surface and Co (0001) surface by
a single carbon atom. The growth process of graphene, such as the deposition of carbon atoms, the formation of
carbon chains with different lengths, the transformation about carbon chains into polygons, and the basic units
and natural defects of graphene are investigated in detail. Three processes of self-repair of graphene defects,
including carbon chain rotation, splitting and embedding, are described respectively. The effects of temperature
and carbon deposition rate on the growth of high-quality graphene are also studied. The simulation results show
that at low temperature, the mobility of carbon atoms is low and grown graphene contains a lot of defects, and
the coverage of the substrate is low, which leads to low quality graphene to be prepared. High temperature
promotes the migration of carbon atoms and helps to grow high quality graphene. However, high temperature
can cause damage to the substrate and reduce the flatness of the growing graphene. At a higher deposition rate,
the nucleation rate of graphene is higher and the distribution is more uniform. However, due to the different
ability of each graphene nucleus to absorb carbon atoms, there are many macrocyclic defects in the graphene.
The low deposition rate has a longer annealing time, which excessively stimulates the migration of carbon
atoms. It leads to the aggregation of carbon atoms and reduce the quality of graphene. The proper deposition
rate can ensure the nucleation density of graphene, and at the same time, it has enough time to form six
membered rings and repair defects, which is conducive to the formation of the high quality graphene. Therefore,
it is significantly important to design the appropriate deposition temperature and deposition rate for the growth
of high-quality graphene. After optimizing the simulation parameters, high-quality graphene is successfully
grown at 1300 K deposition temperature and 10 ps/C deposition rate.

Keywords: molecular dynamics, graphene, cemented carbide, deposition rate
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