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Fig. 1. PS and F-PS nanospheres and C, F element distribution: (a), (b) Morphology of PS nanospheres at different zoom scale;

(c) distribution of C element on the surface of PS nanospheres; (d) the content of C and F elements in PS nanospheres; (e¢) morpho-

logy of F-PS nanospheres; (f), (g) distribution of C and F elements on the surface of F-PS nanospheres; (h) content of C and F ele-

ments in F-PS nanospheres.
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Fig. 2. FT-IR spectra of PS and F-PS nanospheres.
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Fig. 3. Cross-section morphology of (a) Pure EP, (b) filled
with PS, and (c) F-PS nanospheres.

C=C #l C=0 MW 47 4z 2l LA JR 3 C—H ]
(e A0S iR h 23 A PS 4k iR e, % ik B
S REASE] T . PR 2870 cm !, 2930 cm ! Al
2960 cm ! Ab By RF AR 1 3 0 4R % —CH, —CH, il
—CH; Wi 4EtiRal.

Absorbance/arb. units

|
|
1 1 11 1
3500 3000 2500 2000 1500 1000 500

Wavenumber/cm~!
& 4 (a) Pure EP, (b) PS-EP fl (c) F-PS-EP iy FT-IR
&l

Fig. 4. FT-IR spectra of (a) Pure EP, (b) PS-EP, and (c) F-
PS-EP composites.
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Fig. 5. Conductivity of Pure EP, PS-EP, F-PS-EP compos-
ites at different applied electric fields.
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Fig. 6. Broadband dielectric spectroscopy (a) real part ¢’ and imaginary part €'’ of composites; the fitting data of broadband dielec-

tric spectroscopy imaginary part €'’ corresponds to (b) Pure EP, (¢) 2% PS-EP, (d) 2% F-PS-EP composites.
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Fig. 7. Weibull probability distribution for (a) AC, (b) DC
breakdown strength and (c) average AC, DC breakdown
strength of Pure EP, PS-EP and F-PS-EP composites.
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Table 1.  Weibull distribution parameters for Pure
EP, PS-EP and F-PS-EP.

AC DC
HEME

i o ,u o

Pure EP 67.45 5.00 187.20 24.63
2% PS-EP 74.00 4.02 190.41 32.18

2% F-PS-EP 75.54 3.99 198.59 25.20
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Fig. 8. Space charge distribution of (a) Pure EP, (b) 2% PS-EP, and (c) 2% F-PS-EP with time; space electric field distribution of

(d) pure EP, (e) 2% PS-EP, and (f) 2% F-PS-EP with time.
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Fig. 9. (a) Decay of average charge density with time and
(b) trap energy levels in Pure EP, PS-EP, and F-PS-EP.
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SPECIAL TOPIC—Electrical/thermal properties of nanodielectrics

Improving insulation properties of epoxy filled with surface
fluorinated polystyrene nanospheres”

Yin KaiV?  Guo Qi-Yang?®  Zhang Tian-Yin?
Li Jing"? Chen Xiang-Rong?
1) (School of Information and Electrical Engineering, Hangzhou City University, Hangzhou 310015, China)
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Abstract

Epoxy resin nanocomposites are widely used in the field of electrical insulation packaging. It is of great
significance to regulate the dielectric and insulation properties of composite materials by introducing nano-filler
to meet special application requirements. This work proposes a chemical copolymerization method, fluorinated
polystyrene nanospheres are synthesized through an addition reaction as filler, and finally the epoxy
nanocomposites are prepared. The polystyrene nanospheres have a uniform size and good compatibility with the
epoxy resin. The introducing of nanospheres reduces the dielectric constant of the epoxy resin composite
material and increases the breakdown strength simultaneously. Although the dielectric loss increases, the
composites’ imaginary part remains below 0.04 within 1 MHz frequency. In particular, the fluorinated
polystyrene/epoxy composite with a mass fraction of 2% exhibits a decrease in dielectric constant and DC
conductivity, while the AC breakdown strength and DC breakdown strength increase by 12.6% and 6%,
respectively.

The results of the pulse electro-acoustic method indicate that the charge injection of the epoxy resin filled
with non-fluorinated polystyrene nanospheres is evident, while the introduction of fluorinated nanospheres
significantly reduces the charge injection level. Calculations based on the depolarization process reveal that the
introduction of fillers leads to an increase in trap density and depth of energy levels in the composites. Notably,
the epoxy resin filled with fluorinated fillers has the deepest trap levels, providing an explanation for the
improved insulation breakdown performance. The research can provide guidance for regulating dielectric

properties of epoxy composites and material synthesis for the application of electrical insulation packaging.
Keywords: epoxy resin, PS nanospheres, fluorination, dielectric properties
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