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Preparation and dielectric breakdown properties of
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Abstract: Poly(methyl methacrylate) (PMMA)-aramid nanofiber (ANF) composite films [P-A-P-x, where x
is the mass fraction of PMMA in PMMA/dimethylacetamide (DMAc) solution (referred to as impregnation
solution) were constructed from vacuum impregnation of ANF and PMMA, and characterized by FTIR,
XRD, SEM and AFM. The influence of PMMA mass fraction on the structure composition, microstructure
and surface roughness of P-A-P composite films were analyzed. The dielectric constant and dielectric loss
of P-A-P composite films were measured by broadband dielectric spectrometer, while the dielectric
breakdown strength and Young's modulus of P-A-P composite films were evaluated via Weibull distribution
and fitting calculation. The results showed that the P-A-P composite films exhibited a distinct three-layer
structure, and the thickness of PMMA layer increased gradually with the increase of PMMA mass fraction,
while the dielectric constant and dielectric loss of P-A-P composite films showed the opposite trend in the
frequency of 1x10*~1x10°Hz. The surface roughness of P-A-P composite films decreased gradually (from
7.41 nm of ANF film to 1.76 nm of P-A-P-10), the Young's modulus increased gradually (from 1.16 GPa of
P-A-P-0 to 1.81 GPa of P-A-P-10), while the dielectric breakdown strength gradually increased. The
dielectric breakdown strength of P-A-P-10 at 25 and 120 °C was 262.4 and 232.8 MV/m, respectively, 87.8%
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and 134.0% higher than that of P-A-P-0.

Key words. aramid nanofiber; poly(methyl methacrylate); three-layer structure; dielectric breakdown

strength; Young's modulus; functional materials
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Fig. 1 Schematic diagram of preparation process of P-A-P-0
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Fig. 2 Schematic diagram of fabrication procedure for
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Fig. 3 Digital photos of ANF/DMSO dispersion during
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diameter distribution diagram (c¢) of ANF; FTIR
spectra (d), XRD patterns (e) and TGA curves (f) of
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Fig. 4 Surface (a, b), and cross-section (¢, d) SEM images,
as well as AFM images (e, f) of P-A-P-0 and
P-A-P-10
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Table 1 Mass and thickness of P-A-P composite films

el BB/ REUSBih/g BUEHINR /% JREEE/um
P-A-P-0 0.022 0.022 0 12
P-A-P-1 0.021 0.022 4.8 12
P-A-P-3 0.027 0.030 11.1 15
P-A-P-5 0.028 0.035 25.0 17
P-A-P-7 0.025 0.034 36.0 16
P-A-P-10 0.024 0.035 45.8 18
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Fig. 5 Dielectric constant (a) and dielectric loss (b) of P-A-P
composite films
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Fig. 6 Weibull breakdown strength distribution diagrams
(a, b), breakdown strength and f (c, d) of P-A-P
composite films at different temperatures
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Fig. 7 Band gap of PMMA and ANF (a); Young's modulus
of P-A-P composite films (b); Simulation of electric
field distribution of P-A-P-0 (c) and P-A-P-10 (d),
as well as values of green lines (¢)
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