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Elucidation of the heat conduction mechanism of polymer composites by
measurement of the temperature field and analysis of the heat transfer in the

mesostructure
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In order to elucidate the heat conduction mechanism of polymer composites in
terms of the relationship between heat flow and mesostructure, we measured the temperature field
using thermographic microscopy, measured the thermal conductivity using the steady-state method, and
performed finite element analysis on the thermal conductivity measurement considering the
mesostructure. The results of the temperature field measurement showed that the temperature field
changed significantly depending on the type of filler and its state of existence. The results of
finite element analysis showed that the results considering the laser flash method were higher than
those considering the steady state method. The change in analytical results with increasing filler
volume fraction showed a similar trend to the thermal conductivity measurement results. Furthermore,
the difference between the analytical and experimental results became smaller when the effect of

filler contact was taken into account.
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Table 1

BN

Table 1 Material properties of epoxy, alumina, BN and air used in the analysis

. Thermal conductivit Density Specific heat
Materials wimicy (kg/m?) (JkgK)
Epoxy 0.164 1210 1437
Alumina 29 3890 779

In-plane 200
BN Thickness > 2270 780
Air 0.02 1.292 1007
Digimat-FE MSC (X% V,2)
(representative volume element  RVE) Fig.1 /
RVE Fig.2 BN/ RVE Fig.3
/ RVE RVE
L
RVE /
individual
periodic in-plane
periodic VA 40 50 60vol% BN/
periodic in-plane periodic BN v 20 25
30vol% / individual
50vol% VA 75 10 15 20 25 30vol%
L
Alumina Aliiitia
I L
@ (b) (©

Fig.1 RVE models of alumina/epoxy composites: (a) individual; (b) periodic; (c) in-plane periodic
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Fig.2 RVE models of BN/epoxy composites: (a) periodic; (b)in-plane periodic
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Fig.3 RVE model of hollow alumina/epoxy composites (individual)
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Fig.4 Temperature distributionsin cross-section of alumina/epoxy composites with various aluminavolume
fractions: (a)50vol%; (b)60vol%
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Fig.6 Predicted thermal conductivity of alumina/epoxy composites using in-plane periodic model versus
alumina volume fraction:(a)without contacts; (b)with contacts
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Fig.7 Predicted therma conductivity of BN/epoxy composites using in-plane periodic model versus BN
volume fraction:(a)without contacts; (b)with contacts (25vol%BN)
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Fig.8 Predicted thermal conductivity of hollow alumina/epoxy composites using individual model versus
air volume fraction:(a)without contacts; (b)with contacts
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Fig.9 Measured thermal conductivity of MWNT/epoxy composites versus MWNT volume fraction



5
BN/

43
2022
71
2022

2021

2021

42

2021




50

2021




