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ABSTRACT 
 

Thermal interface materials with high thermal 
conductivity can remove heat efficiently from 
electronic devices. Carbon nanotube/polymer 
composite is a good candidate for thermal interface 
materials. We calculated the thermal conductivity of 
vertically aligned carbon nanotube/polyethylene 
(CNT/PE) composite and compared it with vertically 
aligned CNT and PE based on equilibrium molecular 
dynamics. We found that the thermal conductivity of 
CNT/PE composite along the alignment direction can 
be as high as 470.1±45.1 W/(mK), which is about 40% 
of that of CNT and about 16 times larger than that of 
PE. This can be well explained by vibrational density 
of states. The ultrahigh thermal conductivity of 
aligned CNT/PE composite may open up exciting 
opportunities towards enhancing the cross-plane 
thermal conductivity of polymer-based thermal 
interface materials for efficient microelectronics 
cooling. 
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NOMENCLATURE 
D        vibrational density of states 
J         heat flux, W 
k         thermal conductivity, W/(mK) 
N        number of atoms 
t          time, s 
T         temperature, K 
V        volume, m3 
kB       Boltzmann constant 

Greek symbols 
ρ          mass density, g/cm3 
𝜏          the delay time, s 
𝜔         vibrational frequency, THz 
𝜈          velocity, m/s 

Subscripts 
z direction in coordinate system 

ij            direction component 
 
INTRODUCTION  
 
    One of the most critical problems with current 
electronic devices is thermal management- removing 
heat from nanoscale regions. The heat intensities 
increase steeply, created by an exponential increase in 
power densities and a significant decrease in device 
sizes. Thermal interface materials are essential for 
efficient heat removal from thermoelectric power 
generators and electronic systems[1, 2]. However, 
polymer-based thermal interface materials usually 
have very low thermal conductivity resulting in low-
efficient heat removal. Therefore, improving the 
thermal conductivity of thermal interface materials is 
crucial. Significant attention has been paid to 
vertically oriented carbon nanotubes (CNT) arrays as 
promising thermal interface materials due to their 
unique structural feature and ultrahigh thermal 
conductivity. CNTs alone, however, have been 
demonstrated to possess large contact resistances due 
to the non-uniform heights across the CNTs.[3, 4]  
    CNT/polymer composites have been studied to take 
advantages of the high thermal conductivity of CNTs 
and the conformity of polymers to reduce contact 
resistance. Unfortunately, due to the large thermal 
resistance between CNT and polymer matrix, the 
thermal conductivity of CNT/polymer composites 
with randomly dispersed CNTs in a polymer matrix 
only shows a modest enhancement of 2~3 times larger 
thermal conductivity than that of amorphous polymers 
(~0.2 W/(mK)).[5-9] On one hand, it has thus been 
proposed to vertically align CNTs in a polymer matrix 
to enhance the thermal conductivity. Kim et al.[10] 
found that alignment of 5 wt% CNTs in amorphous 
ethylene propylene diene rubber matrix (0.28 W/(mK)) 
resulted in larger improvements in thermal 
conductivities (0.7 W/(mK)). Marconnet et al. 
demonstrated that nanocomposites with a 17 vol% 
aligned CNTs in amorphous epoxy could enhance the 
thermal conductivity up to ~4.9 W/(mK). On the other 
hand, it has been proposed to enhance the thermal 
conductivity by increasing the thermal conductivity of 
the polymer matrix. Haggenmueller et al. [9] showed 
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