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Influence of Thermal Boundary Resistance and Interfacial Phonon Scattering on Heat
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Polymer nanocomposites are one of the most promising applications of carbon nanotubes (CNTs). In order to
improve their thermal properties, it is important to understand their heat conduction characteristics from a microscopic
viewpoint. In this study, we have investigated the heat conduction of CNT/polyethylene composites by using molecular
dynamics simulations. We particularly focused on the thermal boundary conductance across CNT/polyethylene
interfaces and thermal conductivity of CNT in polyethylene matrix, which govern the overall thermal conductivity
of CNT/polyethylene composites. We found relatively low thermal boundary conductance across CNT/polyethylene
interfaces (~10 MWm 2K ') and a moderate but non-negligible thermal conductivity reduction of CNT in polyethylene
matrix (22 %). By the mode-dependent phonon transport analysis, the thermal conductivity reduction was identified to
be mainly due to scattering of low frequency CNT phonons by polyethylene. The results obtained through an effective
medium approximation model give overall thermal conductivity of the CNT/polyethylene composite that is in agreement

with experiments.
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Fig. 1 A snapshot of CNT/polyethylene composite in molecular dynamics simulation.
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Table 1 Tersoff potential parameters(zo).

AleV]l BleVl M[A7Y] A[ATY n c B d h R[A] DIA]
1393.6  430.0  3.4879 22119 0.72751 38049 1.5724x1077 4.3484 -0.930 195 0.15

Table 2 Lennard-Jones potential parameters.

atoml1 atom2 € [kcalmol™!] o [A]

C C 0.054000 4.0100
C H 0.032863 3.5025
H H 0.020000 2.9950
C C(CNT) 0.060597 3.9625
H C(CNT) 0.036878 3.4550
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Table 3 PCFF parameters for Ubo,,d(m.

atoml atom2 7y [A]  k, [kcal mol~'A=2] k. [kcal mol'A=3] K/ [kcal mol~'A~4]
C C 15300 599.34 -1505.3 2719.2
C H  1.1010 690.00 -2075.7 3378.4

Table 4 PCFF parameters for Uanglem).

atoml atom2 atom3 6o ke [kcal mol~!]  kj [kcal mol~!]  kj [keal mol™']
C C C 112.67 79.032 -22.334 -38.236
C C H 110.77 82.906 -31.811 20.511
H C H 107.66 79.282 -38.769 -9.7200

Table 5 PCFF parameters for Umrs,-,mm)

atoml atom2 atom3 atom4 A; [kcalmol~!'] A, [kcal mol~!] Aj [kcal mol~!]

C C C C 0.0000 0.10280 -0.28600
C C C H 0.0000 0.06320 -0.33620
H C C H -0.28640 0.12340 -0.21660
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Fig. 2 History of temperature profiles in lumped heat capacity method. Solid smooth line denotes a fitting

curve of the temperature difference between CNT and polyethylene (black line).

Table 6 Lumped heat capacity method parameters.

ment kgl cont Dkg™'K™'T mpp kgl cpp D kg 'K S [m?]
1.117x10723 2.076x 103 8.009x 102 1.723%x10* 1.957x10~Y7
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Fig. 3 (a) Phonon dispersion relation of (10,10) single-wall CNT. (b) Phonon group velocity of (10,10)
single-wall CNT. (c) Phonon dispersion relation of (10,10) single-wall CNT with 1st generation

Brenner potential (black line) and optimized Tersoff potential (red line).
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Fig. 4 (a) Frequency dependent phonon relaxation time of isolated and embedded CNT. (b) Frequency
dependence of contribution on thermal conductivity per mode. Lattice thermal conductivity of CNT
kenris 453 Wm—'K~! (isolated) and 354 Wm~'K~! (embedded in polyethylene).
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Table 7 EMA parameters.

xkpe [Wm™'K™']  d[A] L [um]
0.174 1356 20
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Fig. 5 The thermal conductivity enhancement ratio in CN'T/polyethylene composites calculated by effective

(29)

medium approximation *~ as a function of the CNT loading.
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