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Fig. 1. The diagram of the dimensions of the stepped

substrate.
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Fig. 2. The three-dimensional diagram of microstruc-

ture substrate.
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Fig. 3. The diagram of peeling process simulation

model.
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Fig. 4. The adsorption configurations of graphene on
the surface of microstructures with different groove
depths: (a) h = 2 A; (b) h = 5 &; (c) h = 9 A,
(d) h =14 A.
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Table 1. The adsorption energy of graphene in differ-

ent groove depths.

YR h/A W RE Fa/eV-A=2 || FEE h/A WIHEE By /eV-A—2

2 743.85 4 359.66
5 351.66 9 355.89
11 348.98 14 350.33
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Fig. 5. The phase diagram of graphene adsorption

configuration.
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Fig. 6. Effect of I3 on the adsorption configuration of
grapheme: (a) 10 ps; (b) 20 ps; (c) 30 ps; (d) 50 ps.
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Table 2. Size parameters of substrate and adsorption energy.

I/ A h/ A E,/eV-A—2 W B g 2 /A h/A E,/eV-A—2 W B g 2
20 7 358.78 BT 24 4 510.02 oM
22 7 337.06 BT 26 5 364.61 ity
24 4 339.95 Bi7 31 6 641.79 M
22 14 339.47 BT 20 2 751.4 FEaMiE
22 4 370.12 I e 28 2 1095.86 M
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Fig. 7. The side view of graphene peeling from mi-
crostructure surface (A = 6.83, 8 = m/2): (a) 42 ps;
(b) 71 ps; (c) 99 ps; (d) 121 ps.

®3 PHRENHEHEREKSE (ro, ho, a, B, v, Yp 73 M2 ST HTE B B A% 3 50 B A A i 45 5 g

THFA EERI IR )

Table 3. The parameters for the calculation of average peeling force (ro, ho, a, E, v and Yp are the interface

equilibrium distance, bond length, lattice constant, binding energy per unit area, Poisson’s ratio and Young’s

modulus respectively).

ro/nm ho/nm a/nm E v Yg/TPa
R 0.34 [23] 0.142 [24] 0.2445 [25] 0.16 [26] 1.02[23]
] 0.404 [27]
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Fig. 8. Variation curve of the peeling force with the separation distance: (a) Peeling off the graphene from a flat

surface; (b) peeling off suspended graphene from stepped substrate; (¢) peeling off graphene completely adhere to

substrate; (d) the geometric relationship diagram of graphene films adhere to a stepped substrate (the upper step

up . Ldown
terrace’ “terrace

length is expressed by L
the bending of graphene).
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Fig. 9. The fitting result of theoretical curve and sim-

ulation data.
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Fig. 10. Variation curve of the average peeling force
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Abstract

The performance of graphene can be influenced by its surface mophology, while the surface morphology of graphene
is closely related to the substrate. The adsorption and peeling process of graphene on a corrugated surface can provide
a theoretical basis for the functional preparation and transfer of graphene. In this work, the adhesion properties and
peeling process of graphene on nanostructured substrate are investigated by using molecular dynamics (MD) simulation.
As an effective tool of atomic collision theory, MD simulation can provide detailed information about the adsorption
configuration and peeling properties of graphene on the nanostructure surface, making up for the deficiency of experiment.
The results indicate that graphene can conformably coat on the surface, partially adhere to or remain flat on the top
of the stepped substrate. We find that the continuous transition occurs in the adsorption configuration of graphene on
the stepped substrate, but the repeated process appears in the transition from partial adherence to conformable coating.
When graphene coats on the nanostructured substrate conformably, the adsorption energy can reach its peak value.
The adsorption configuration of graphene can change from suspension to partial adhesion after the adsorption energy
has exceeded 360 V- A72. It is also shown that the average peeling force fluctuates periodically when the absorption
configuration of graphene is conformably coated or suspended on the stepped substrate. Two kinds of behaviors can
be noticed in the peeling process. The graphene can directly slide over the bottom while it is fully coated on the
surface. The graphene is separated directly from the corrugated surface while it suspends or partially adheres to the
surface. If the absorption configuration of graphene is in the suspension state, the average peeling force appears to
change drastically within a section of peeling distance and then decreases immediately below zero. Although the flexural
stiffness of graphene can be overcome, the interfacial friction between graphene and the substrate is also an essential
factor affecting the final adsorption configuration. In this paper, we propose a theoretical formula for the average peeling
force according to the changes of size parameters on the nanostructured substrate. The theoretical formula is validated
by the simulation results. In addition, with the increase of peeling angle, the average peeling force first increases and
then becomes smaller. As a result, a larger average peeling force can be found when the graphene with Stone-Wales
defect structure is peeled from the flat substrate. With the increase of double vacancy defect, the maximum peeling
force decreases in a certain range, whereas it increases beyond this range. This work can provide a theoretical reference

for exploring the peeling property and the adhesion mechanism of graphene on nanostructure surface.
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