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Fig. 1. Carbide surface deposition model: (a) Ni atoms;
(b) C atoms.
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Table 1. Parameters of Morse potential function between
WC and Co atomsl.

Atom pair D. /eV a/Al ro/A
W-Co 0.098 25.14 0.0872
C-Co 0.1114 19.725 0.1743

F#2  WC SR NI, )R Ni FEHREEE A G4
JCR KOUBRIE T Z [/ L-J Z%4

Table 2.  L-J parameters between WC and transition lay-
er Ni, transition layer Ni and base carbide and each ele-

ment of deposited carbon atoms.

Atom pair e/eV a/A
W-Ni 0.07449 2.4180
C-Ni 0.0487 2.9645
W-C 0.0073 3.1411
C-C 0.0050 3.8510
Co-C 0.0017 3.3257
Ni-C 0.0487 2.9645
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Fig. 2. Simulation model for high temperature annealing of

graphene.
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AR IEL 5 (e) 600 K B9 EHLIE; (f) 900 K B LA (g) 1100 K B 19 =R ; (1) 1400 K A E WL &

Fig. 3. Top and main views of graphene growth at different temperatures: (a) Top view at 600 K; (b) top view at 900 K; (c) top
view at 1100 K; (d) top view at 1400 K; (e) main view at 600 K; (f) main view at 900 K; (g) main view at 1100 K; (i) main view at

1400 K.
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Fig. 4. Number of carbon rings and roughness of graphene

surface at different temperatures.
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Fig. 5. Top and main views of graphene growth at different incident energies: (a) Top view at 0.1 eV; (b) top view at 1 eV; (c) top

view at 5 eV; (d) top view at 10 eV; (e) main view at 0.1 eV; (f) main view at 1 eV; (g) main view at 5 eV; (h) main view at 10 eV.
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Fig. 6. Number of carbon rings and roughness of graphene

surface at different incident energies.
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TER B AREZ G, 2 T0 KR IPASERE 1M 73 4
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W% % 3 2 B0 /NGB ER L, AT T B 174 4iE
TRFRR ISR Z 244k, WAL 7(g) BN B ERFAR

B 7 AFEEETSGREIEERE  (a) 20 ps; (b) 80 ps; (c) 100 ps; (d) 121 ps; (e) 160 ps; (f) 230 ps; (g) 300 ps; (h) 380 ps;
(i) 450 ps
Fig. 7. Graphene deposition process at different times: (a) 20 ps; (b) 80 ps; (c) 100 ps; (d) 121 ps; (e) 160 ps; (f) 230 ps; (g) 300 ps;
(h) 380 ps; (i) 450 ps.
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Fig. 8. C-C radial distribution function corresponding to
different deposition times at deposition temperature 1100 K
and incident energy 1 eV.
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Fig. 9. High temperature annealing topography of graphene
film: (a), (b) 300 K, 0 ps; (c) 1100 K, 12 ps; (d) 1100 K,
800 ps.
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Fig. 10. Main and top views of high-temperature annealing simulations of graphene coatings at different times: (a), (b), (c), (d), (i),

(4), (k), () Main view; (e), (f), (g), (h), (m), (n), (o), (p) top view.
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Abstract

WC-Co cemented carbide has excellent cutting performance, which is a potential tool material. But when it
is used as cutting ultra-high strength and high hardness materials, the machining accuracy and service life of
the tool are significantly reduced. Graphene is a potential coating material for cemented carbide cutting tools
due to its excellent mechanical properties. In this work, molecular dynamics (MD) is used to simulate the
deposition of nickel transition layer and high-temperature catalytic growth of graphene in cemented carbide.
The Ni and C atomic deposition process and the high temperature annealing process are simulated, and a
combination of potential functions is adopted to continuously simulate these two deposition processes. The
effect of deposition temperature and the effect of incident energy on the growth of graphene are analyzed. The
healing mechanism of nickel-based catalytic defective graphene under high-temperature annealing is explored in
detail.

The simulation results show that at the deposition temperature of 1100 K, the coverage of graphene is
higher and the microstructure is flat. The higher temperature helps to provide enough kinetic energy for carbon
atoms to overcome the potential energy barrier of nucleation, thereby promoting the migration and
rearrangement of carbon atoms and reducing graphene growth defects. Too high a temperature will lead to
continuous accumulation of carbon atoms on the deposited carbon rings, forming a multilayered reticulation and
disordered structure, which will cause a low coverage rate of graphene. The increase of incident energy helps to
reduce the vacancy defects in the film, but excessive energy leads to poor continuity of the film, agglomeration,
the more obvious stacking effect of carbon atoms and the tendency of epitaxial growth. When the incident
energy is 1 eV, the surface roughness of the film is lower, and more monolayer graphene can be grown. During
annealing at 1100 K, the carbon film dissolves and nucleates simultaneously in the Ni transition layer, and the
nickel transition layer catalyzes the repair of defective graphene. The graphene film becomes more uniform, and
the number of hexagonal carbon rings increases. Appropriate high-temperature annealing can help to repair and
reconstruct defective carbon rings and rearrange carbon chains into rings. Therefore, when the deposition
temperature is 1100 K and the incident energy is 1 eV, graphene can be deposited and annealed to grow a high-
quality graphene coatings. The simulation results provide the reference for preparing the cemented carbide
graphene coated tools.

Keywords: molecular dynamics, graphene, physical vapour deposition, nickel transition layer, high

temperature annealing
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