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Fig. 1. (color online) Fabrication of graphite mesas: (a) Fabrication processes of graphite mesas; (b) the fabricated

graphite mesa array; (c) the fabricated single graphite mesa.
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Fig. 2. (color online) AFM characterization of contact

graphite surface: (a) Height image of superlubricity con-
tact graphite surface m1; (b) phase image of superlubric-
ity contact graphite surface mg; (c) height image of non-
superlubricity contact graphite surface ni; (d) phase im-

age of non-superlubricity contact graphite surface nga.
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— A

lubricity: (a) Sketch of steps effect on superlubricity;
(b) sketch of debris effect on superlubricity.

FEHES) A T & 1t FE HE ] Re Al B A AR
TR R, 4iE LIRS RAE 45 R
HOPG [ 55 it &5 P4 4 £ % A0 282 i 1 100 702 ot A
BEATU R 4. 7E HOPG (£ g kb, BAR LA
W5 B HNE 1] ([0001] J7 1)) fen FE € ) B ARRAE, (HAR
¥ Park %5 PO [ 58 & B, HOPG &% 17 7 [
BAZ @4, SR R5-30 nm. BT dF
Z A AESL T A, PIAN AR (B ) BT D) B AR
/N, BT 8577 6 52 B BT D) T 2 005 A S I Ak
FE. FRLAESRHESIRS, Wl 4 (a) Fiw, AT
ER O SR -y R e RN R ATIL (E Sy e e T
Frab B A AEIL R, i DA A 7 i T 2
T, SR 2 (a) FE 2 (b) I AFM RAESE .
REA TS AR A T, wE 4 (b) B
N, AEFIRHEBII, AR (1 s A I R kD) e 2
W ERAT 20 . T EBARAREEEZ
] — M ABA 8L ABC HEIE 3, 51T 70 TFIR 2 %)
R G S B, A A ) BE AR AR
K BU S SO S < 4 517, BV SE L
T, GBI 2 (c) AT 2 (d) FF ) AFM EAE S5 3.

BT LA, 158057 G 78 B B AN A 507 6 1
TR, A s ful T AE 6 S BRI 1 S U ok
PR LRy, A DT SRRSO, A B A
1 HE T 6 I ST R )N S IR o 1 T
REALAL /. HOPG WA & b R~ 75 55 [ ~F 47 J7 7]
R, fs77 G m e, WARA T FBA AT
3 14D i S THD 1100 AE 23 vy, 5 O i 49 ) T
[

454 SEM, {8 H FLHC 4 1K) EDS Aol A7 58 422 fi
T R H a2 ocE, W s fos.

Wt EDS 0] LA f S Bl T S il 2
A EMEE TR, b R EIUE K, FR#HAE D

A LR . L S SR T BE A A,
AN RERE N T T A A R AR A R AR
B HUGHIRR IR T4 & A i A A 8, S A
SRVF AR i B Fa A2 K A W B S o 1
(41 H20). fif R] BERIE TN T AL RE R B B

K4 877 G0 R REMIE RN (a) S
ML 8275 B MR A ARG (b) A BT AR 6
R T, A SR A T 2 P K 5 At b A e

Fig. 4. The formation of contact surface on graphite

mesa: (a) The graphite contact surface formed at
the grain boundary that ran throughout the mesa;
(b) when there is no grain boundary that ran through-
out the mesa, the forming of the graphite contact sur-

face will tear one grain apart from it.
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Fig. 5. EDS result of graphite contact surface and edge: (a) SEM image of graphite contact surface; (b) SEM
image of graphite surface edge; (c) EDS result of graphite contact surface (box); (d) EDS result of graphite

surface edge (box).
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Table 1. EDS element analysis contrast of graphite contact surface and edge.
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Fig. 6. Result of XPS: (a) XPS result of graphite surface; (b) XPS result of graphite edge.
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Fig. 8. (color online) The friction between the contact

surface and the residual bonds at the edge.
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Abstract

Superlubricity may be the ideal and final solution for friction and wear. Superlubricity on a micrometer scale based

on an excellent self-retraction phenomenon has been observed and realized under ambient conditions recently. But not

all of the graphite interfaces can realize superlubricity even they are incommensurate. Therefore, in-depth studies of

graphite interfaces are needed to find out the factors which prevent the superlubricity for being realized. For this reason,

microscopic graphite mesas are fabricated on a highly oriented pyrolytic graphite in this paper to obtain superlubricity

interfaces. After poor quality graphite layers are mechanically exfoliated from the highly oriented pyrolytic graphite, a
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silicon dioxide film is grown on a new graphite surface by plasma-enhanced chemical vapor deposition. Then the film
is coated with photoresist. Microscopic photoresist square pattern is defined by electron beam lithography and used as
a mask for reactive ion etching the SiO2 and highly oriented pyrolytic graphite to define graphite mesas. The graphite
interfaces are obtained by shearing the graphite mesas by tungsten tips. Some of them are super lubricative, while others
are not.

To study the graphite interfaces, atomic force microscope is used to characterize the morphologies of graphite mesas.
The edges of graphite contact surfaces are also tested by energy dispersive spectrometer (EDS) and X ray photoelectron
spectroscopy (XPS). The morphologies of the four graphite surfaces show that the superlubricity surfaces are atomically
flat while other surfaces have many defects such as steps and tears. These results are consistent with those from the “stone
wall” model of graphite crystal structure. The results of EDS and XPS show that there are many oxygen-containing
bonds at the edges of the graphite surfaces. It is found that the polycrystalline structure of the highly oriented pyrolytic
graphite plays an important role in the forming process of graphite interface and can affect the quality of the graphite
interface. The quality of the graphite surface will determine whether the superlubricity can be realized. Besides the
inner of graphite interface, the edges of the interfaces can also hinder the superlubricity from being realized. There are
a large number of induced chemical bonds and the adsorbed physical bonds adhered to the edge of the graphite contact
surfaces. When these bonds are broken, the energy is required. These bonds are the origin of the resistance when the
graphite mesa is sheared away from the contact surface and causes friction force when the contact surface is relatively
sliding along the other contact surface even the interface is super lubricative.

The results show that the polycrystalline structure of the highly oriented pyrolytic graphite can affect the quality
of the graphite interface and determine whether the superlubricity can be realized. For the destruction of bonds sticking
at the interface edge requires energy, the edge of the contact surface can cause the friction force of superlubricity. It is
indicated that increasing the sizes of the graphite grains is beneficial to the realization of large area superlubricity. Using
high temperature annealing or other methods to reduce the adsorbed bonds of the graphite edges will also reduce the

frictional resistance in the process of superlubricity.

Keywords: superlubricity, graphite, microscale, characterization
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