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Effect of Processing Temperature on the Crystal Structure
and Breakdown Strength of Biaxially Oriented
Polypropylene Capacitor Films
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Abstract: In this study, based on the synchronous biaxial stretching process and using high-speed rates,
the correlation between stretching temperature, heat-setting temperature, and the crystal structure and
breakdown strength of biaxially oriented polypropylene (BOPP) films for capacitor was investigated.
It was found that strain-induced crystallization occurred during the biaxial stretching process. Lamellae
thickness, crystallinity, and long period are all higher than those of cast sheets. An increase in stretching
temperature promoted recrystallization, but stretching close to the onset melting temperature (7,
resulted in imperfect thin lamellae due to excessive melting, leading to a decrease in crystallinity. Thick
and thin lamellae coexisted in high-temperature stretched films, with the differences originating from their
respective recrrystallization precursors. For heat-setting (annealing), an increase in temperature facilitated
chain diffusion, thereby enhancing the recrystallization of more perfect thick lamellae. Weibull distribution
analysis of breakdown strength (£,) indicated that the presence of thin lamellae degraded the E,, with

films prepared close to 7,

onset €Xhibiting a 6% and 50% reduction in £, and paremeter f, respectively,
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compared to those of other films. Annealing, by promoting the perfection of crystal structure, was found to

enhance E, (E,=655 V/um for annealed at 120 °C, compared to £,=606 V/um for non-annealed samples).

These results provide insights into the systematic understanding of the relationship between processing

temperature and film crystal structure, laying the groundwork for optimizing the electrical properties of

films by controlling the microstructure through processing temperature adjustment.
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Figure 1 (a) DSC melting curve, (b) X-ray diffraction

patterns, and (c) stress-strain curves at different 7 for PP
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Figure 2 Samples for different 7 with (a) 2d-WAXS patterns, (b) azimuthal integrals of the 110-crystal plane and (c)

orientation parameter fi1(
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Figure 4 Samples with different 7§: (a) 2d-SAXS patterns, (b) 1q2-q function graph, (c) DSC melting curves, (d) change in 7y,
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Figure 5 Samples with different annealing temperatures: (a) 2d-WAXS patterns, (b) 1d-WAXS patterns, (c) 1q2-q curves, (d)

melting curves
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