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Fig. 1. (color online) Illustration of three models: (a) Ideal;
(b) substrate with hydroxyls; (c) both with hydroxyls.
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Fig. 2. (color online) Velocities of carbon nanotube

and graphite layers with time.
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Fig. 3. The lateral force of carbon nanotube on ideal

and substrate with hydroxyls.

Dong % ["1 i it 3 7 3 77 2 AU 45 H Si 2R
FE& A B R shit, B ) L AR A BB
oK, JRIRAE T AR5 NS F 380 7 R 7900
RERE, DRI H8 K T BRI, AU A BRI Rk %
BE, SMEE DL, DR B 1 3 T S EE R
ECHRAEAE L K 4516, Dong 28 19 [R5, 24
B A R 5% B 10% 2 1R i BEE 1K,
ARSI 4 AR — B, R R E T 7 A ) b T
FlTE AR AEAE 22 5. 00T SiBF A R0 A S0 2H B 4
R, A BRI INE G N T R SR T R RE B, 8K
TR, (HAS BT G SR Si e iHE R R

G5, Frim EERAL K, /N T EESE. T Si RS
SRR MM IR, MR SES/E T 3 800 S84
SRAE 5%—10% I BEHE 7 85 K. $i1‘}%ﬂ¢%ﬁﬁ
BEEBRGURE, BRENKE i 5 -5 22k G 8 2 i T AR
AN, R Jim R TR A P2 A2 A o B 52 i E
3‘5‘%1’5?@ SRS BRAKE I HE R A 2 Bl e 2k
AN AR A4, PR GNR A B2 (1)
@?ﬁ?b&#%ﬁ%ﬁ’li‘bﬂﬁﬁi‘jﬁ

Jave/nN

| //

-_./I/

1 1 1 1 1
0 10 20 30 40 50
Hydroxyl content/%
B4 JEJRAN F PRI 2 i N BN OK A BT 52 (R ~F 38 BE B )
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varies with hydroxyl contents.

PR 5 a AR 28 b H F T 18] A3 A7 48 i 7 L B4 7)
TERY, MAEAAZR cth, BRAVKE 5B b 3nit
B, FUEIA SIN T SRS ), BRGKE T2 (1
Ml g 27 REAN. B N FRc PRk
B0 TR B R A 2. AT DUE Y, AR
SRR T, FERTIRBY B B AN K E AR T A 5
Fri s, BRONKE i 32 1 ) — BN G, WEE
IBE —10 nN BLE, KT 54 ARG oL, I HLk
YK AE — FEARN THUZ A7 28 1y 1) 5 i 3l M) 70 4
t = 106 ps I BLIE R UEAE, & LIk, RN
KA A 28 (g R IL B — B, AN HHXE S, AR
T8I 8] 4 22 PR A FL A P S 5 1K T R4, RIS 2
TEHRAPRERIZNAT . Chen % 12) 4 h AUBE
PR S BE BRI B . A SCSET T ianKEIs
Aid e b U R B R A4, i 6 B, 7T
LA Y, 20a 30 i 98 K 8 ARG A 88 R i L
SRR IR E AN A RVTIR AR E A X A
SRS R, RENRE L TR T e
FUBE, K T B EREE B AN KA S LA,
B AR B D, TR T T SR AN S
J%, 5 Wang %5 5] 25 51— 5

046101-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I8 % 3R Acta Phys. Sin.

Vol. 66, No. 4 (2017) 046101

1.2
0.8
TUJ
& 04 =
= g
Ry =
~
2
0
—0.4
—12 N L N L N L N
100 105 110 115 120

t/ps

5 BRAUCKAE Z BB I ) BEIN R B2 1

Fig. 5. The lateral force of carbon nanotube with time.
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Abstract

Understanding how the groups at interface influence the friction of carbon nanotubes can provide reference for their
applications. In this paper, we investigate the influences of hydroxyls on motion and friction of carbon nanotube on
graphite substrate by molecular dynamics simulation. The simulation cases include the ideal vertical carbon nanotube
on the ideal graphite substrate, the ideal vertical carbon nanotube on the graphite with hydroxyls on the top layer, the
carbon nanotube and the graphite both with hydroxyls on the surface. The results show that the lateral force of carbon
nanotube changes when hydroxyls are introduced into the interfaces. If hydroxyls are only on the graphite, the fluctuation
of lateral force increases obviously. The reason can be attributed to the increase of atomic surface roughness. Moreover,
due to the small contact area between vertical aligned carbon nanotube and substrate, the mean friction becomes raised
with hydroxyl content increasing, which is different from the conclusion obtained from silicon tip sliding on graphene
with hydrogen on the surface. In that case, owing to the large contact area, the mean friction of tip reaches a maximum
value at hydrogen content in a range between 5 and 10% because of the competition between the increase in the number
of hydrogen atoms and the weakening of the interlock due to the increase in separation of tip from substrate. Hydrogen
bond and Coulomb force appear between interfaces when hydroxyls are both on carbon nanotube and on graphite, which
significantly increases friction force on carbon nanotube. And slip interfaces translate rapidly from between carbon
nanotube and graphite into between graphite layers. Like the case with hydroxyls only on the graphite, the sliding of
carbon nanotube perpendicular to the initial velocity also occurs when carbon nanotube and graphite are both with
hydroxyls. This phenomena can be explained as the fact that the introduction of hydroxyls breaks the equilibrium of
the force on the carbon nanotube in the Y direction. Moreover, the random distribution of hydroxyls causes the random

motion of the carbon nanotube.

Keywords: carbon nanotube, friction, hydroxyl, hydrogen bond
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