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Abstract — Recently, graphene has attracted considerable attention owing to its unique electrical, optical, ther-
mal, and mechanical properties. The broad spectrum of applications from optics, sensors, and electronics to bio-
device have been proposed based on these properties. In particular, graphene has been proposed as a protective
coating layer and solid lubricant for microdevices and nanodevices because of its high mechanical strength,
chemical inertness, and low friction characteristics. During the past decade, extensive efforts have been made to
explore the tribological characteristics of graphene under various conditions and to expand its applicability. In
addition to the experimental approaches, the molecular simulations performed provide fundamental insights into
the friction and wear characteristics of graphene resulting from molecular interactions. This work is a review of
the studies conducted over the past decade on the tribological characteristics of graphene using molecular sim-
ulation. These studies demonstrate the principal mechanisms of the superlubricity of graphene and help clarify
the influences of surface conditions on tribological behavior. In particular, the investigation of the effects of the
number of layers, strength of adhesion to the substrate, surface roughness, and commensurability provides deeper
insights into the tribological characteristics of graphene. These fundamental understandings can help elucidate the
feasibility of graphene as a protective coating layer and solid lubricant for microdevices and nanodevices.

© Korean Tribology Society 2020. This is an open access article distributed under the
@ @ terms of the Creative Commons Attribution License(CC BY, https://creativecommons.org/
licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction of the work
in any medium, provided the original authors and source are properly cited.
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Fig. 1. Country distribution of publications involving with
molecular dynamics simulation of graphene tribology for
last decade.

SR RBEREEERET RN

ATEL 37

Distribution of Research Topics

Fracture _ Functionality
5% — 12%

Parameter,
morphology
modification

Fundamental
lubrication

effect 37%
46%

Fig. 2. Distribution of research topics for last decade.

S 2o A=} 22 x7do] o] i
o PAle FFE 8T =wol et

23 A =1 F 46%7t 2EE g5ee] mlEbeg
2 A|ZEe] 7 (stiffness)ot A2 2AE A¥Fo=2 =
A v ZEjee] Aswsts wsig, a2 Agt
(defect), 7374 (edge), TR, A 77 (grain boundary)
o] ZAol o) PlREAS AWE A7) LI
ot 2 9o aAs ESAE E8sAY rLE e
FHS BHEal] 913 715A8S ASshe AT 12%,
JEHSM gzl tig A7t 5%E R ATH

EE gue] Egfo|B2A]3 EXd 33t Bals
3} o= :LaHUJ_,] Aupz B0 A 2L 2
2 AAUES Y] A% BHoE SN
5 QlT). T e, Efele] 1A e e
e vEARS 913 SARBAE ukEoleka €
At

]_

-1> o ne K

3-2. APFHY S&

e Egfelg2A4 AsS s s w4t
A8} AlEGolA AFollM= Fig. 33 720] theket =
AAZZ], 3 Heolo] 74, BAS] 734, Ae
Y& Alofale] 1 YIS AR o] ﬁ‘?"ﬂ"‘]t &
FARFAER W], Z4zke] At ofm g

z2& geElste] AlEdoldS FHsEA dvny

3-2-1. Jhmol =5 SESN i A7
RS AukE AER G837 918 7] Z2ATelA
£ aee] dojo] A4 8 AL F shelt. 2
g #lolo] Ale]e] o Ag-e w2l jlolw, ¥

Vol. 36, No. 2, April 2020



58

Water
molecules
and
hydrogen

Alignment angle
(Commensurate /
Incommensurate
Vertical
deformation

Stick-slip

Negative COF

Number of
graphene
layers

Puckering /
Buckling

Superlubricity
N

Adhesion
Gr-Gr or Gr-Tip

Fig. 3. Various parameters those affect mechanical
behavior of graphene.
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