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Quasi-ballistic heat conduction of a carbon nanotube
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We report a non-equilibrium molecular dynamics (MD) study on heat conduction of finite-length
single-walled carbon nanotubes (SWNTs). The length-dependence of the thermal conductivity is
quantified for a range of nanotube-lengths at room temperature. A gradual transition from nearly pure
ballistic phonon transport to diffusive-ballistic phonon transport is captured in the length and diameter
dependence of the thermal conductivity. Comparison of the length effects of SWNTs and nanographite
ribbon with the same number of atoms clearly identifies variation in the profiles of length effect reflecting
the difference in the density of states and intensity of phonon scattering. The diameter effect suggests
suppression of nonlinear phonon scattering as the diameter is reduced
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Fig. 1. Sketches of (a) a (5, 5) single-walled carbon nanotube
(SWNT) and (b) corresponding (5, 5) nanographite ribbon (NGR)
with lengths L. The colored atoms indicate the unit cells. The
vector a denotes the translation vector. A period boundary
condition is applied in the x-direction for the NGR, which is
essentially an unfolded SWNT.
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Fig. 2. Phonon dispersion relations of (a) a 25 nm-long (5, 5)
single-walled carbon nanotube and (b) a nanographite ribbon.
The dispersion relations were obtained by computing the
energy density”). Softening of low energy phonons due to
unfolding of SWNT is observed as indicated with the arrows.
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Fig. 3. Length dependences of thermal conductivity of SWNTs
and NGRs. Profiles of SWNTs (NGRs) are shown for two
different diameters (widths). Dashed line denotes A oc L to
indicate the slope in case of pure ballistic heat conduction. The
error bars denote the fitting residuals.

B% Fig. 3 12”7, L<100 nm 2BV TiE, (3,3)SWNT &
(5,5)SWNT OEVRER (21T, BEOBNIEEA RG> T-.
T, O CHMENEMEE N KRN TH D I L BRI
L, AifficoBsL —%T 5. SHBEROER~OKTFTE
AR L7 3A, MENBREIL T + ) OO REETD.
AWFETIEHHRBEOEEL L TA=mdd ATV DHZD
T4 ) IR T OO FE Wik 4 ISWBIT . o T,
FEEBRUHE, 4 TATF—NVENTBRERIY, dITKTF
L7a\. —J, L>100 nm (28 W T, (3,3)SWNT OEYRE
FRG5)SWNT DENZE EEIY, ZOZTL & &b IZH#inT
HEMAELNTZ. ZHIET v OERELIRE TS A,
B L RIZBINT D 2 L BRI T 5.

4. FEOH

TR HIY T )F S Ial—a vy BHNT, SR T
BT 5, AIRE SWNT OBREROE SKFEEZFHEAL
oo BMREROE SIS+ A L0, HENEYRE) DL
W HENAVGEA~OBBIBEA I X 2. £72, SWNT &
NGR OEMEEROE SMEFME TS Z 8k, 7
J VOIRHEEE B O BT BRI K OIERBMR S~ D % 5% 1
EMT LTz, 51T, SWNT BMRE RO ERKTFIEE FHHE T
52 LT, 7 UBELUC L DIERIREN S ) Fa—T DR
LM T S Z L E2R L.

SE Xk
(1) C. Yu, L. Shi, Z. Yao, D. Li and A. Majumdar, Nano Lett.
5(2006), 1842.

)

€)
4
)
(6)
(7
(®)
&)

E. Pop, D. Mann, Q. Wang, K. Goodson and H. Dai 6(2006),
96.

N. Mingo and D. A. Broido, Nano Lett., 5(2005), 1221.

J. Wang and J-S Wang, Appl. Phys. Lett. 88(2006), 111909.
S. Maruyama, Physica B, 323 (2002), 272.

S. Maruyama, Micro. Thermophys. Eng., 7(2003) 41.

J. Shiomi and S. Maruyama, Phys. Rev. B 73(2006), 205420.
W. Brenner, Phys. Rev. B, 42(1990), 9458.

Y. Yamaguchi, S. Maruyama, Chem. Phys. Lett., 286(1998),
336.

(10) N. Mingo, D. A. Broido, Phys. Rev. Lett., 95(2005), 096105.



