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Abstract — Since the discovery of single-layer graphene, exploiting graphene’s excellent physical/chemical prop-
erties in tribology systems has been a topic of interest in academia over the last few decades. There is no doubt
that understanding the underlying friction mechanism of graphite should precede this. Even now, new properties
of graphene are being reported in academia, and based on this, studies exploring the origins of graphene’s surface
properties and friction characteristics in a wide range of scales are also being performed. From the perspective
of lubrication engineering, graphene research can be largely divided into studies that 1) reveal its basic friction
mechanism at the nanoscale and 2) explore its application in macroscale sliding systems. At the nanoscale, the
basic friction mechanism of graphene is mainly due to its atomic thickness. In this paper, the various research
on the nanoscale friction and surface characteristics of graphene is reviewed. Graphene surface properties, such
as wettability and surface energy and the basic friction mechanisms of graphene attributed to adhesion, electron-
phonon scattering, bending stiffness, and the underlying substrate, are summarized. Further, we provide the
research outcomes on the superlubricity of graphene. Finally, the potential application and challenges of the
superlubricity of graphene are highlighted. Through this, we intend to provide summarized information to
researchers interested in the tribological properties of graphene and help set the direction of future research.
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Fig. 1. Water contact angles of (a) wet and (b) dry
transferred graphene on substrates as a function of
water contact angles of substrates[21].
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Fig. 2. Surface energies of p-PET, SiO,/Si, and h-PET
substrates (a), wet-transferred graphene on the substrates
(b), and dry-transferred graphene on the substrates (c)
[40].
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(a) ppp Sliding Direction

Compliant
Graphene

(b) Ppp Sliding Direction

Stiff Graphene

Fig. 3. Schematic illustration of the puckering effect.
(a) Out-of-plane deformation in the compliant graphene
during sliding, (b) still graphene sliding with the
suppressed deformation.
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Fig. 4. Atomic stick-slip friction profile for forward
and backward scans. (a) single-layer graphene and (b)
bulk-like graphene on SiO,/Si.
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