MNM-40

BABMFERYA/0 - F/ IZEMRE F1RYA/0 - F/ IZDURDHLEERIE

(2009.10.15-16, ER)
Copyright ©2009 #tE;E A BA#EEFES

h—RoFr/ Fa—JLRABRRKORERIVEIA VR

Thermal boundary conductance between carbon nanotubes and surrounding fluid
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We have investigated the thermal boundary conductance (TBC) between single-walled carbon nanotubes (SWNTs)
and surroundings materials using molecular dynamics (MD) simulation. With an aim to identify the general scaling
law that explains the TBC for various surrounding materials, TBC was calculated for three different surrounding
fluids; hydrogen, nitrogen, and argon in supercritical phase. By applying the lumped-heat-capacity method to the
nonstationary MD simulation data, density dependence of TBC was quantified in a wide density range. The results
show that the TBC between an SWNT and surrounding fluid is strongly influenced by the intermaterial potential

parameters.
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Table 1 Lennard-Jones potential parameters

C-C H>-H, C-H, N>-N, C-N, Ar-Ar C-Ar

€[1072J] | 3.3845 | 5.088 | 4.423 | 13.673 | 6.803 | 16.45 | 7.482

c[A] 3.37 2928 | 3.149 | 3.594 | 3.482 3.4 3.385
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Fig. 1 Snanshot of a tvnical molecular dvnamics simulation.
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Fig. 2 Temperature profile and Temperature difference between
SWNT and hydrogen where p* is 0.008.
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Fig. 3 Temperature profile and Temperature difference between

SWNT and nitrogen where p* is 0.008.
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Fig. 4 Temperature profile and Temperature difference between
SWNT and argon where p* is 0.008.
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Fig. 5 Thermal boundary conductance between SWNT and
surrounding fluid like Hydrogen, Nitrogen, and Argon.

L, JEFEM B KB DL (1=312ps), EH (c=747 ps)
XTI (1=848 ps) DYEEWE L TRENWZ ENAT
B .

FEAREICBIT 5, Ruha o 27 % v ADR RN
% Fig. S\ d . — iR Em & LT K DB L CHLf
WZHEAN L 0.03~6.0 MW/m’K DA B . — 7 v 7 7 A LT
HHT DL, p*=0.02 40 THEL GRE) NAREKICZL
T2HZENDNL. LEIOFEELONRIZEY, MUWET
BB 2256 K 13 SWNT L EOWENRE O RETEE & &
WHIR® 2 Z ERbhoTEY, FUmIREEDZEL3 4 T T
WA AIREMEDSVRIB SN D, - TAHTR, BRI %
W R RGEA LB TH D, 72, Fig SICRLND XD
W2, B EFTARICIRT D K OBERFET 77 7 A4 L OFR
BRTWDZ e D, — AR Ar—Y » ZRINFET D]
REPEMRIB &L %.

4. fEm

FEET D FEN15FE% T, SWNT & Lennard-Jones C
KB INTJHETEE OMORmE = &7 2 o 2 2R
L7-. JABERRNKTE, €35, FHET7 VI OEAIZEL
Ty Ialb—arzZiTHo2LI2LoT, AT ¥ART
A =R OREBMa L Xy 7 RTE 2 DR ERICEE
L7z, F7, REAWEEGRATOHERGRa X o 2
A DR ERLFEZ ST LT,

5| AR

(1) Ijima, S., et al., Nature (London) 363 (1993), 603.

(2) Saito, R., et al., Physical Properties of Carbon Nanotubes
(imperical College Press, London, 1998).

(3) Jorio, A., et al., Carbon Nanotubes: Advanced Topics in the
Synthesis, Structure, Properties and Applications (Springer-Verlag,
Berlin, 2008).

(4) Berber, S., Phys. Rev. Lett., 84 (2000), 4613.

(5) Huxtable, S. T., et al., Nature Mater., 2 (2003), 731.

(6) Bryning, M. B, et al., Appl. Phys. Lett., 87 (2005), 161909.
(7) Biercuk, M. I, et al., Appl. Phys. Lett., 80 (2002), 2767.

(8) Choi, S. U. S., et al., Appl. Phys. Lett., 79 (2001), 2252.

(9) Shenogin, S., et al., Appl. Phys., 95 (8136), 8136.

(10) Hu, M., et al., Appl. Phys. Lett., 90 (2007) 231905.

(11) Carlborg, F., et al., Phys. Rev. B, 78 (2008), 205406.

(12) Brenner, D. W., Phys. Rev. B, 42 (1990), 9458.



