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Manipulating Anisotropic Filler Structure in Polymer Composite for
Heat Dissipating Materials: A Mini Review

Seong-Bae Min*, Chae Bin Kim***"

ABSTRACT: Efficient heat dissipation in current electronics is crucial to ensure the best performance and lifespan of
the devices along with the users’ safety. Materials with high thermal conductivity are often used to dissipate the
generated heat from the electronics to the surroundings. For this purpose, polymer composites have been attracted
much attention as they possess advantages rooted from both polymer matrix and thermally conductive filler. In order
to meet the thermal conductivity required by relevant industries, composites with high filler loadings (i.e., >60 vol%)
have been fabricated. At such high filler loadings, however, composites lose benefits originated from the polymer
matrix. To achieve high thermal conductivity at a relatively low filler loading, therefore, constructing the heat
conduction pathway by controlling filler structure within the composites may represent a judicious strategy. To this
end, this review introduces several recent approaches to manufacturing heat dissipating materials with high thermal
conductivity by manipulating thermally conductive filler structures in polymer composites.
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Fig. 1. (a) Schematic describing preparation procedure of composites with randomly oriented h-BN (conventional method) and verti-
cally aligned h-BN along the applied magnetic field. (b) Cross-sectional scanning electron micrographs of the composites with
vertically aligned h-BN (top) and randomly oriented h-BN (bottom). (c) Thermal conductivity of composites with vertically
aligned h-BN (VmhBN) and randomly oriented h-BN (RmhBN) as a function of filler loading. Secondary axis was given to high-
light the thermal conductivity enhancement due to the filler orientation control. (a)-(c) Reproduced with permission from [22].
Copyright 2013, American Chemical Society. (d) Schematic describing the fabrication of CF/PDMS and OCF/PDMS composites.
(e) Optical micrographs of OCF/PDMS with different filler contents. (f) Thermal conductivity of CF/PDMS and OCF/PDMS as a
function of filler loading. (d)-(f) Reproduced with permission from [23]. Copyright 2021, Wiley-VCH
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Fig. 2. (a) Schematic depicting the orientation of GnPs induced by electric field. (b) Scanning electron micrographs of the composites
with randomly oriented GnPs (top) and with aligned GnPs along the applied electric field (bottom). (c) Effects of the filler
content and alignment of the GnPs on the thermal conductivity of the epoxy/GnP composites. Reproduced with permission
from [25]. Copyright 2015, Elsevier
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Fig. 3. (a) Schematic describing the freeze-casting procedure. Reproduced with permission from [27]. Copyright 2020, Wiley-VCH. (b)
Schematic describing preparation of 3D-BNNS aerogels by unidirectional freeze-casting method. (c) Cross-sectional scanning
electron micrographs of the 3D-BNNS aerogel. (d) Thermal conductivity of the epoxy/3D-BNNS composites as a function of
BNNS loading. (b)-(d) Reproduced with permission from [28]. Copyright 2015, Wiley-VCH. (e) Schematic illustrating the fabrica-
tion of epoxy/long-range ordered lamellar BNNS composites through bidirectional freeze-casting method. (f) Cross-sectional
scanning electron micrographs of the composites with long-range ordered lamellar BNNS network. (g) Thermal conductivity of
epoxy/long-range ordered lamellar BNNS composites as a function of the filler structure. (e)-(g) Reproduced with permission

from [29]. Copyright 2019, Wiley-VCH
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Fig. 4. (a) Schematic describing the filler orientation control in composites using thermophoresis by applying temperature gradient. (b)
Cross-sectional scanning electron micrographs for PETA/h-BN composites prepared by applying temperature gradients of 0 °C,
20 °C, and 50 °C. (c) Normalized thermal conductivity as a function of the applied temperature gradient for the PETA/h-BN com-
posites at various filler loadings. Normalization used values measured for each sample prepared without applying temperature

gradient [31]
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Table 1. Thermal conductivity comparison of the composites prepared by various methods

Composite composition Fabrication method Maximum filler content Thermal conductivity Ref.
Epoxy/h-BN-Fe,0, Magnetic field 40 wt% 0.95 W/m-K [22]
PDMS/CF-Fe,0, Magnetic field 30 wt% 1.15 W/m-K (23]
Epoxy/GnP Electric field 1.08 vol% 0.43 W/m-K [25]
Epoxy/BNNS Template method 9.29 vol% 2.6 W/m-K [28]
Epoxy/BNNS Template method 15 vol% 6 W/m-K [29]
PETA/h-BN Thermophoresis 18 vol% 2.3 W/m-K [31]
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