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Load and Stiffness Dependence of Atomistic Sliding Friction

In-Ha Sung’

Dept. of Mechanical Engineering, Hannam University

Abstract — Despite numerous researches on atomic-scale friction have been carried out for understanding the ori-
gin of friction, lots of questions about sliding friction still remain. It is known that friction at atomic-scale always
shows unique phenomena called ‘stick-slips’ which reflect atomic lattice of a scanned surface. In this work,
experimental study on the effects of system stiffnesses and load on the atomic-scale stick-slip friction of graphite
was performed by using an Atomic Force Microscope and various cantilevers/tips. The objective of this research
is to figure out the dependency of atomic-scale friction on the nanomechanical properties in sliding contact such
as Joad, stiffness and contact materials systematically. From this work, the experimental observation of transitions
in atomic-scale friction from smooth sliding to multiple stick-slips in air was first made, according to the lateral
cantilever stiffness and applied normal load. The superlubricity of graphite could be verified from friction vs.
load experiments. Based on the results, the relationship between the stickslip behaviors and contact stiffness was
carefully discussed in this work. The results of this work indicate that the atomic-scale stick-slip behaviors can
be controlled by adjusting the system stiffnesses and contact materials.

Key words — atomic-scale stick-slip friction, atomic force microscope, contact stiffhess, lateral stiffness.

M B

[

whge) 29 olds) 9% B onA Aah 2
LsAlel PREAA tiste] Tk 7} ol ol

S}, ol2jgk AxzAM ) i o] b BE
3 EAL gre] fxlrx 9 Axpmidel wal 3

(sticky W2 )1l (rapid slipy ¥WHESho s o1}
o] vlaEe] #3lyl YA 7+ (interatomic distance)
gk Aol FUIHE dehhs 49 28
é‘%(stlck-sllp) U]—“"HE_EH T17k9] ] A AE A

o

L{%ﬂl
O
Hﬂ
=)
2
o=
E
1o 9
3 g
11
BN
g
5‘.:

5} ] Z—I&xﬂg_[4 6], 2r8-5 }TJJF 7 2!
2R 4 2H[10-13] T OIS WFEe] 4F

1 #alA gt
e,

—

o3

Kx}7r8] &7 (atomic force microscope,

222 - A AR isung@hannam.ackr

AFM)2 0] 88t 2E&q Aol Wrighe 933
wel oy At M2 HEFshs dgelA ofgr)
mARe] e TR AR EA], B oﬁtﬁf_}
"‘%ﬂﬁr Z7004 olelzt 2EEHo] |

5 1Al AgmAYE EHO}@ AHE] B
-4-@730] wolsit.

B e} sdgilrol s el o) 4o (wransition),
Z, AEEYo] YehA] ¢ F=E 728 (smooth
sliding), ¥He] Qb weh 282de) 2717} 9
A7y A% 2 dRsle DLdEH (single slipy 2 9

A7k kAl 238 o]2= theEd (multiple slips)
59 A8 E‘:ﬂ Holg ti7lstol HERE AFME:
ol g3l AgHom FAIAN, T olefgh Hole
A2 X—.%ﬁ%ﬂr AFM e e] 314 (lateral
stiffness)© 2 A2 dErtede AEs E2
o84 &4 (molecular static anlaysis)®ll <%+ HAEF2
=2 93l b 3t 14,15]



10

olglgt MYATAAE vigoz B AFdrE 3t
F, 73 o} HEAR, HE74 (contact stiffness)
5 YWeAY 24 wsle we 284y d4e

AFM% o]_g_g}o:] tsl;d_i —/;<L—5}_7_ odstz—} sH

A8 35l ax } sk, AEA 7o) W= H&Z73A 9]
WSS FA eiel, UIRE ARl el 9%
&0 AP st AT F Qom, 27t 47

Yol 2 A0 e T Aok v, A
A5 RGN Beh 28y nlEATY o) Bl 2
2 AA WEE FN5E AEHOE BAE &
70 Ht,

2 MEYH A AH

AR s dabrRrt 2 geid da #HFe] 41
- highly oriented pyrolitic graphite(HOPG)o] A%
HUTh BE AFM A3 th7)3eA 4(20~25°C),
AEE 35~50% RHA 8359, A 8L 0001y
ollA [1120] FHEOZ 0.6 um/se] HE2 2819}

AFM ZH%H]HJ 9 HoZ=, Table 1] AAE R
# 7o) Si g SN T EF] Ao ge 2= A
ezt AR 4 AhEEe do), & g
Aol T X7t Aol R M= tE 422714 (normal
stiffness) 2 FWF S =k Fig 19] 288
Hel T3] 7 (transmission electron microscopy,
TEM) ARE AAIEIT Aol AMe-d AEaue
AN e e 24 ¢ niaEe uy

Table 1. AFM cantilevers and tips used in this work

Cantilever . . .
(material/shape) Tip (material/radius of curvature)

Si/beam Si (with native oxide)/~10nm

Si/beam SizNus-coated Si/~30 nm

@ (b)

Fig. 1. TEM micrographs of (a) a Si cantilever, and
(b) a Si;N,-coated Si cantilever.
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Fig. 2. Friction traces that show the transitions in the
stick-slip behavior with respect to the applied load :
top-smooth sliding (12.4 nN), middle-single slip (45.5
nN), bottom-multiple slips (236.0 nN).
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Fig. 3. Friction vs. applied load plot obtained using a
Si cantilever.
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Fig. 4. Transitions in the stick-slip behaviors on
graphite according to the lateral lever stiffness of
cantilevers and the normal load applied to the tip.

(a) Si cantilevers [15] and (b) Si;N,-coated Si cantilevers.
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Fig. 5. Potential energy profile experienced by an
AFM tip moving with the constant speed of v.
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