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The interface friction characteristics of double-walled carbon nanotubcs (DWCNTS) are studied using molecular dynamics simulations based on the Tersoff potential. The effects

of DWCNT type. outer shell diameter. and

d. Th 1

e ion results show that when an inner shell is being pulled out from a DWCNT. the friction force and

are

normal force between shells increase with increasing outer shell diameter and temperature. The zigzag-zigzag and armchair-armchair DWCNTs exhibit larger friction forces and

smaller normal forces compared to the chiral-chiral DWCNTs.

Keywords: double-walled carbon nanotube; interface friction; friction coefficient; molecular dynamics

1. Intorduction

Carbon nanotubes (CNTs) are an important class of
carbon-based materials due to their excellent physical
propenis, such as high mechanical strength, thermal

ivity. and electric ductivity, low density. and large
specific area [1]. Due m these rcmarkable propcmes CNTs
have many p
systems (MEMs) [2]. nano-eleclmmechmxcal systems (NEMs)
[3]. strain sensor [4]. and adsorbent of flue gases [5]. In
addition, the low interaction between adjacent shells of
multiwalled CNTs has inspired studies for CNT oscillators and
resonators.

4 n A

of the interfacial tween

3. Results and discussion

A. Effect of DWCNT type

To study the effect of DWCNT type, four different
DWCNTS, zigzag-zigzag (31,0)@(22,0), zigzag-armchair
(31.0)@(12.12), armchair-armchair (18,18)@(12.12). and
chiral-chiral (20,15)@(14,10), were used, respectively.
Figure 2 shows the variation of friction force between the
shells with time for the four DWCNTs. The friction force
curve decreasingly oscillates with increasing time due to
a decrease in number of interaction atoms. For zigzag-
zigzag and armchair-armchair DWCNTS, their inner and
outer shells meet the lattice matching requirement, i.e.,
contact between two h sheets:

The
shells of double-walled carbon nanotubes (DWCNTSs) is
np for above appli (MD)
slmulanon is a powerful sciential tool for sludymg material
ions. Atomic sis ion avoids exp 1 noise and
turbulence problems, and can reduce cost. In this work, MD
simulations are performed to analyze the interfacial friction
between shells of a DWCNT by pulling an inner shell out from

4. Conclusion

MD simulations were used to investigate the effects
of DWCNT type, outer shell diameter, and temperature on
interfacial friction of DWCNTSs. The following conclusions
were obtained:

(1) The friction force and normal force between shells
increase with increasing outer shell diameter and
temperature.

(2)The zigzag-zigzag and armchair-armchair DWCNTs
exhibit larger friction forces and smaller normal forces than
those of the chiral-chiral DWCNTs.

therefore they exhibit larger friction forces and smaller
normal forces. The chiral-chiral DWCNTs thus have
larger normal forces due to the incommensurate contact.

B. Effect of outer shell diameter
To study the effect of size of outer shell diameter
(D). khree D values, 2.73, 2.93, and 3.26 nm, were used,

it. The effects of DWCNT type. outer shell di: . and
temperature are studied in terms of atomic trajectories, friction
force, and normal force.

2. Methodology

Figure 1 shows a MD physical model of a DWCNT. The
model consists of an inner shell and an outer shell. and both
lengths are 30 nm. respectively. The diameters of outer and
inner shells are 2.73 and 2.4 nm, respectively. The space
between the shells was set at 0.34 nm. Two layers of atoms on
the left-hand side end of outer shell were set as fixed layers to
support the whole system. Another two layers of atoms next to
the fixed layers were set as isothermal atoms. The rest of the
material was set as Newtonian layers of atoms. In contrast, the
fixed, isothermal, and Newtonian layers of atoms for the inner
shell were set from its right-hand side end. In order to analyze
the interfacial friction between both shells of DWCNTs during a
relative motion process. the inner shell was moved by its fixed
layers with a constant velocity of 40 m/s toward the Y-direction.
A total movement of 27.5 nm was applied. No periodic
boundary conditions were used in the model.

The Tersoff-Brenner many-body potential ﬁmcuon [6] was used

. A chiral-chiral (20,15)@(14,10) DWCNT
was used in the simulation. Figures 3 and 4 show the
variations of friction force and normal force between the
shells with time for three D values. The average friction
forces are 2.29, 2.49, 2.84 nN for D values of 2.73, 2.93,
and 3.26 nm, respectively. The friction force and normal
force increase with increasing D value due to an increase
in number of interaction atoms. The normal force reaches
its at the beginning and d with
increasing time.

C. Effect of temperature

A zigzag-zigzag (31,0)@(22,0) DWCNT with
diameters of inner and outer shells of 1.75 and 2.47 nm,
respectively, was used in the simulation. With increasing
temperature (150~500 K), the shell surfaces get more
corrugated due to an increase in kinetic energy of atoms.
The corrugation height is in a range of 0.24 — 0.27 nm for
the outer shell surface when temperature is increased
from 150 to 500 K. and that is in a range of 0.1 — 0.16 nm
for the inner shell surface, respectively. Figures 5 shows
the variation of friction force with time for three
temperatures. The friction force curve increasingly
oscillates with increasing temperature. For these tested

to model the carbon-carbon atom i This p

takes account of the di and angular d of the

1ell

they have an app average friction
furce of about -1.42 nN. However the average normal
force i with i

atoms and is well-suited to describing both the 1
covalent bonds. The long range interactions of carbon were
characterized using the Lennard-Jones 12-6 potential [7]. The
parameters of cut-off radius, time-step and temperature in the
simulation were set at 1.0 nm, 1 5, and 300 K, respectively.

Outer shell

@ Fixed atoms
°

@ Newtonian atoms
Inner shell

Figure 1. MD model of DWCNT. The model consists of
an inner shell and an outer shell, and both lengths are 30
nm. Diameters of outer and inner shells are 2.73 and 2.4
nm.
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Figure 2. Variation of friction force between
shells with time for four DWCNT types.
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Figure 3. Variation of friction force between shells

with time for three outer shell diameters.




