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Relationship between wettability of fillers and thermal conductivity
of epoxy composites filled with 80vol% alumina
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Recently, in the field of electronic devices, there is an increasing demand for higher density, smaller size and higher output of
devices. Along with this trend, heat dissipation from the electronic devices came to be an important issue. Materials with high filler
content will cause a viscosity increase and make forming process difficult. Furthermore, voids are spooled up in the materials, which
affect to lower the thermal conductivity. In this study, we report our success to create highly heat-conductive polymer material with
high filler content, using our open roll kneader "Kneadex", which is suitable for high filling of filler and high viscosity material, and
measurement for thermal conductivity of them. Furthermore, the influence of the wettability of the filler on the thermal conductivity
was examined by electron microscope observation and finite element analysis using the RVE model. Kneadex is a continuous two-roll
machine and equips spirally formed groove on the surface of the roll. By using Kneadex, it was successful to create a polymer composite
filled with alumina at 80vol%. It seems that the strong shearing force of Kneadex realized the easily compound of high filler content.
The thermal conductivity of the polymer composites material with the surface modifier improved by up to 40% compared to that
without the additive. When the fracture surface of the test piece was observed with an electron microscope, the test piece to which the
surface modifier was not added had voids around the alumina particles. From the RVE model, it was simulated that the voids existing
around the alumina particle affect more to lower the thermal conductivity than those localized in the material. Therefore, it was found
that the polymer composite material highly filled with the filler increases the thermal conductivity by improving the wettability between
the resin and the filler.
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Figure 1 Kneading machinery of KNEADEX.
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Figure 2 SEM images of (a) as-received alumina and (b) alumina

processed with Kneadex.
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Figure 3 Thermal conductivity versus alumina content.
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Figure 4 SEM images of fracture surface of (a) test piece without
addition of surface modifier and (b) test piece with surface
modifier added.
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Figure 5 RVA models of Alumina/EP composites: (a) Void
particles; (b) Void coating
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Figure 6 Effect of void state on the predicted thermal
conductivity of alumina/EP composites
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