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Temperature and Loading-Rate Dependence on the Mechanical Behavior
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Abstract

The temperature and loading-rate dependence on the mechanical behavior of single-walled carbon
nanotubes under axial compression and torsion is examined with classical molecular dynamics
simulation. The critical buckling is found to depend on the temperature and loading-rate. The yielding
under torsion is also found to depend on the temperature and loading-rate. But it is shown that the
compression and torsional stiffness are independent of the varied temperatures and loading-rates.
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Fig. 1 Side views of various carbon nanotubes. (A)
Zigzag (10,0). (B) Armchair (6,6). (C) Chiral
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Fig. 2 Flat hexagon lattices of a graphite sheet
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Fig. 7 Snapshots of simulation illustrating buckled
carbon nanotubes according to axial strains
at 7=300 K and Increment factor=0.0375.
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Fig. 8 External torsion versus torsional angle curves
of (11,11) carbon nanotubes according to
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Fig. 10 Snapshots of simulation illustrating buckled
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of (11,11) carbon nanotubes according to the
different loading-rate at 7=300 K

Strain energy per atom (eV)
o
o

Fig. 82 <X o& v EY 357 vjE4d 7 * 0 200 400 600 800 1000
Eo BAS HAZE7 QO 1:1:] HEY z2tEs} o Torsional angle (degree)
30° A BAULEBH A HEY FZo Fig. 11 External torsion versus strain energy curves
ogS ¢ 4 Ut o 73] F2EEe 254 u} of (6,6) carbon nanotubes according to the
g 9L W= AL FAg 4 9oy &%} different temperature and loading-rate
¥2 A% Hoh A2 AA AIHFL RAF
2 gloh a2y wEy vg% ge exd4 2 AT
ga1e wolZEm g 9= FEnalew Fig. 87 90olxj9} Zo] &by RH o] HEH
o e vsY sx B]Ea 259 [AS B Be LxS sFFEE e 'I}E} FAEE B
@Z3 gtk Fig. 9dlA g gol UA 28T AFa gl daveREe HEY e 2
sizRscrd wma Qe W= AL z}ohg AF9s AAEALE ot #8% 2HE S
4 9lon #FFR3&ETI) wME HSo By 2 T U Aoz Podd. I, T kT8l
UA HAZFaF e HoFa b a2y 8 EH £29t 2504 o7 1A FH BAULERE
AHe Be 3 2o mdA Satge nax o el EAEGE ANEAS FYscd Yo



814 2

A AA HZdFY vlmE 5T Aot
Fig. 102 AA &AZ F v&¥ =7 o 31
ot 457, 1E]T 123° dlAH BHAUYREB ¥
e F4E BdFa o AA dayxir
o e HEY 457l % 30° & 9o JHEA
B PR FFol dojdg & £ Yr} o o
HEY Ztzs HEd 8150 F213td wa &
#3| F7stA A

Fig. 112 (6,6) ©@4aUxEre A Az Z
gEo] dojd wiztA] AWAEAL FL u WyF
quiRe WaE BT Utk 7oA gi
UrfFHe gdEojy &g FZ3 Zo] P43
&FAA 5ol Bolx= AL oulsts Ao of
Yzt giuxeFBo FRZ2 3 (covalent bonding)
of FolAHA mEo] Ydojue AHL U
t}. Fig. 11614 ¥ E duyxy FAF gas
gaurefEd gEoju wsdo]l dojyr] A
e AL Auet? gavnFrol gEol o
ous AFE 2= FFEsEE) JFge W
I UE AL ¢ F U B =FoA Ae™
102 A Zoj9 (6,6) ¥LUYxFE HdE Y
ol7} 47] W&o FHo] dojupr] Ao A F
o] dojA Aol 33 Aoy} HE @A
UxRrd digt uEY ¥y ML sgiicd
2 Ao FHo] Loy = Aoly, oy I
Bo] dojye NHEE 29 31FRsEEe o
T2 9 g Aoz #g"n.

%6}04 (6,6)9} (11,11) ? 94 %é |2 ENRAR
Bol ot% HEy vEY Ay g 229 3
TSRS JFE EMsg. 29 a5y
d&sd wE ¢4F A HAFsEH BEYE ¢
A FEZatFol 4FL = AL FAT + Y
O Ed, HEE ¥ d4dME dauxRe
9] o] dojuz AFE L& FFRSE
9 YL B3 e A& AT F AJYH. 2
=7 #2 Afo 2o Ae 9A FaER 3
EREE HAFn gyon, RSz w
€ A% 2 2 dA ATsF5H dEA=EES
BoFn e e A = YUk

o

g Z

&5 BAH vEY AL T2 2529 &3
PSR fALRE RS BAstgt) maba g
2R 4F Z4 vEY FHL 2%
43 AURALE Bl £47 ATE L F
Ue Aoz wodd x=F E4I stErEs
9 2R 98 kA 279 @A =%Ho|
A3l Exts9s AABAE St JuyA
A 43ty A Hie s Aoz Fud

o},

2 =< 2004d 31 EAGY F9F
TATANY  (FAAE:  KRF-2004-213-10079)79]
d7Hl N Pog o] FHon ofd) FAA o
HEA FA=PUT. obgy B =89 ugd
#¥ste] B2 A9 &L 54 University of
Florida®] Susan B. Sinnott %433 Seong Jun

Heo @7 ZAl=dth

it

rok

e

(1) Iijima, S., 1991, "Helical Microtubules of
Graphite Carbon," Nature, Vol. 354, pp. 56~58.
(2) Yakobson B. I, Brabec C. J, and Bemhole J.,
1996, "Nanomechanics of Carbon Tubes: Instabilities
beyond Linear Response," Phys. Rev. Lett, Vol. 76,
pp. 2511~2514. '

(3) Yakobson B. 1, Campbell M. P., Brabec C. I,
and Bernhole J, 1997, "High Strain Rate
Fracture and C-chain Unraveling in Carbon
Nanotubes," Computer Mater. Science., Vol. 8, pp.
341~348. _

(4) Lu, J. P, 1997, "Elastic Properties of Carbon
Nanotubes and Nanoropes," Phys. Rev. Lett, Vol.
79, pp. 1297~1300.

(5) Pantano, A., Boyce, M. C, Parks, D. M., 2004,
"Mechanics of Axial Compression of Single and
Multi-Wail Carbon Nanotubes,” J. of Engineering
Materials and Technology., Vol. 126, pp. 279~284.
(6) Kim, C. I, Yang, S. H, and Kim, Y. S., 2003,



BaueFre o8y Az

"Computer Simulation of Nano Material Behavior
using Molecular Dynamics," Kor. Tech.
Plasticity, Vol. 12-3, pp. 171~183.

(7) Wei, C.,, Cho, K., Srivastava, D., 2003, "Tensile
Strength of Carbon Nanotubes
Temperature and Strain Rate," Phys. Rev. B., Vol.
67, pp. 115407~115413.

(8) Ozaki, T., Iwasa, Y. Mitani, T., 2000,
"Stiffness of Single-Walled Carbon Nanotubes
under Large Strain," Phys. Rev. Lett, Vol. 84, No.
8, pp. 1712~1715.

(9) Brenner, D. W., Shenderova, O. A., Harrison, J.
A., Stuart, S. J, Ni, B, Simnott, S. B., 2002, "A
Second-Generation Reactive Empirical Bond Order
(REBO)
Hydrocarbons,"

Soc.

under Realistic

Potential ~ Energy  Expression  For

J. Phys.: Condens Matter., Vol.

o

#3259

gl

815

EERE RS BIEEY:

14, No. 4, pp. 783~802.

(10) Mylvaganam K., Zhang L. C., 2004,
"Important  Issues in  Molecular  Dynamics
Simulation for Characterising the Mechanical

Properties of Carbon Nanotubes," Carbon, Vol. 42,
pp. 2025~2032.

(11) Heo S. J, Sinnott S. B., 2006, "Effect of
Temperature Control -on the Mechanical Properties
of Carbon Nanotubes," J of Nanoscience and
Nonotechnology, (in press).

(12) Trotter H., Phillips R, Ni B, Hu Y. H,,
Sinnott S. B., Mikulski P. T., Harrison J. A.,
2005, "Effect of Filling on the Compressibility of
Carbon Nanotubes:
Dynamics," J. of Nanoscience and Nonotechnology,
Vol. 5, No. 4, pp. 536~541.

Predictions from Molecular



