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Tailoring the dielectric properties of silicone particles/poly(vinylidene fluoride)

composites based on interface structures

ZHOU Wenying" , ZHANG Caihua', LI Xu', ZHANG Fan', ZHANG Xianglin®
(1. College of Chemistry and Chemical Engineering, Xi’an University of Science & Technology, Xi’an 710054, China;
2. Xianyang Tianhua Electronics Technology Co. Ltd., Xianyang 721000, China)

Abstract: To reduce the dielectric loss(tans) and increase the dielectric breakdown strength(E,) of silicon
particles/poly(vinylidene fluoride)(Si/PVDF) composites, two kinds of core-shell structured Si particles, i.e.,
Si@Si0, and Si@SiO,@PS were prepared by high temperature oxidation and polystyrene(PS) coating. The FTIR,
XRD and TEM measurements were used to characterize the formed shell structure. The measurements results veri-
fy the existence of SiO, and SiO,@PS shells on the surface of Si. The results show that the Si@SiO, interlayer signifi-
cantly suppresses the tané and reduces the leakage conductivity of the Si@SiO,/PVDF composites compared with
Si/PVDF composites, and the double-shell Si@SiO,@PS/PVDF composites exhibit the lowest tand and the highest
E, among the three composites because the organic PS interlayer enhances the interfacial compatibility and pro-
motes the fillers’ homogeneous dispersion in PVDF. The improvement in dielectric properties of Si@SiO,/PVDF and
Si@SiO,@PS/PVDF composites can be ascribed to the facts that the insulating SiO, and SiO,@PS shells effec-
tively prevent the semi-conducting Si particles from direct contacting, thereby remarkably reducing the tané. The

enhanced phase interfacial compatibility between the Si@SiO, or Si@SiO,@PS and PVDF matrix reduces the inter-
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face defects and suppresses the local electrical field distortion, thereby improving E, of the core-shell structured

Si/PVDF composites. The prepared Si@SiO,@PS/PVDF composites with a high dielectric constant of 48 and tané of

0.07, E,, of 6 kV/mm, have potential applications in the field of microelectronic devices and power equipment.

Keywords: Si; poly(vinylidenefluoride); interfacestructure; core-shellstructure; composites; dielectricproperties
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Fig. 1 FTIR spectra(a) and XRD patterns(b) of Si, Si@SiO, and Si@SiO,@PS particles
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Fig.2 TEM images of Si@SiO, particles (a) and Si@SiO,@PS composite particles with core-shell structure (b)
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Fig.3 SEM images of 40wt% Si/PVDF(a), 40wt% Si@SiO,/PVDF(b) and 40wt% Si@SiO,@PS/PVDF(c) composites
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Fig.4 Dielectric properties of Si/PVD SiO,/PVDF and Si@SiO,@PS/PVDF composites(Insets in Fig. 4 show the theoretical calculation diagram of

permittivity of Si/PVDF composites and the schematic diagram of core-shell particles with different structures)
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Fig. 6 Dielectric breakdown strength(E,)(a) and Weibull distribution curves((b)-(d)) of Si/PVDF, Si@SiO,/PVDF and Si@SiO,@PS/PVDF composites
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