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Abstract: The rapid development in the fields of microelectronics and communication technologies has put forward higher
requirements for thermal management materials, and there is an urgent need for designing and developing carbon materials
with high-oriented thermal conductivity. High-oriented carbon materials possess typical anisotropic and high thermal conduc-
tivities, owing to their high crystallinity and graphitization degree as well as orderly stacking of graphene sheets. Although
powdery carbon materials, such as flake graphite, vapor-grown carbon fiber, carbon nanotube, graphene, etc. have high
thermal conductivities, the thermal conduction of composites using powdery carbon materials as thermal conductive fillers is
not well-performed. Therefore, their application will be subject to certain restrictions in the field of thermal dissipation of
large integrated devices with high power. It is critical to achieve high-oriented thermal conductive performance for carbon ma-
terials by controlling the size, orientation and orientation continuity of graphite microcrystal. Macro-sized carbon materials,
such as flexible graphite, natural flake graphite-molded block, high-oriented pyrolytic graphite, polyimide graphite film/
block, mesophase pitch-based continuous carbon filament and its composite, etc. can be obtained via choosing suitable car-
bonaceous precursors, forming processes and heat treatment

N " conditions, as well as controlling the continuous orientation of
WeAsE A 2019-01-30 fEEIRA: 2019-04-20 graphene sheets. The graphite crystal of macro-sized carbon ma-
EEUH: BESHR IS EA R EE e terials along the (002) crystalline direction maintains high ther-
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tinuous and multi-dimension-tunable thermal conduction will
come true. Therefore, the macro-sized carbon materials have a
broad application market in the field of thermal management,
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Table 1 Classification of thermal conductive materials!®!

Conductive Ultra- . ) .
. . High  Common  Poor Insulating
material high

A/(W-m'-K') >400 200~400 50~200 1~50 <1

R2 B/ESSAMRNHEERED

Table 2 Physical properties of high or ultra-high thermal conductive materials'®’

Thermal conductivity

Bulk density Specific thermal

Matrix Reinforcement (W -m-1-K) CTE/(107¢ K™") /(g em™) conductivity
Aluminum — 218 23 2.7 81
Copper — 400 17 8.9 45
Natural graphite — 150~500 -1.0 2.25 66~220
K-1100 graphite fibers — 900~ 1100 -1.6 2.2 400~ 500
Carbon Continuous CFs 400 -1.0 1.9 210
— “Thermal graph” 700~750 -0.5 1.8 390~440
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Fig.3  Three-dimensional structure of perfect graphite ( dy, =
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(dypp =0. 3440 nm, L, <5 nm) (b))
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