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Optimization of insulation and dielectric properties in layered structure
polymer nanocomposites
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Abstract: To enhance the energy storage performance of PVDF-based polymer dielectric films, layered structured polymer
nanocomposites were prepared by solution casting method. The middle layer utilized poly(methyl methacrylate) (PMMA)
with a volume fraction of 30% to suppress energy loss, while the outer layers employed poly(vinylidene fluoride-
hexafluoropropylene) (P(VDF-HFP)) to provide high dielectric constant. Inorganic BaTiO, (BT) nano-ceramic particles
were uniformly dispersed as fillers in the outer layers. By adjusting the filler content, its effects on the dielectric constant,
electric strength, and energy density of the composites were investigated, along with the durability and stability of the films’
energy storage performance under different cycle numbers and in different regions. The results show that the addition of a
low content of BT increases the dielectric constant, suppresses the dielectric loss, and reduces the leakage current density of
the films. The composite with 5% mass fraction of nano-fillers achieves a discharge energy density as high as 15.5 J/cm’® at
an electric field of 425 kV/mm, which is higher than the energy storage densities of most reported PVDF and its copolymer-
based composites. The variations in discharge energy density after 10 000 cycles and across eight different regions do not
exceed 19% and 7%, respectively.
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