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Effect of crystal forms on insulation performances of
bi-axial oriented polypropylene film

YAO Cheng, LIU Gang, CAI Xipeng, HU Shangmao, CHEN Xipeng, MENG Sen
(Southern Power Grid Scientific Research Institute Co., Ltd., Guangzhou 510663, China)

Abstract: Polypropylene (PP) is the most widely used dielectric material for capacitors, improving its insulation
performance is of great significance to improve the energy storage density and reliability of capacitors. In this paper, the
action law and mechanism of crystal form on breakdown characteristics of films were studied systematically by adding g
-nucleating agent to polypropylene resin, so as to obtain the method of improving the insulation performance which can be
popularized in industry. Firstly, X-ray diffraction (XRD) and differential scanning calorimetry (DSC) tests were conducted
on the polypropylene resin for its aggregate structure. The results show that the crystallization activation energy of
polypropylene resin decreases and the crystallinity increases after adding the f-nucleating agent. Secondly, on the basis of
the practical application requirements of capacitor dielectric materials, polypropylene resin was bi-axial oriented to obtain bi-
axial oriented polypropylene (BOPP) films. It is found that there are no obvious difference in crystal morphology and
surface morphology of the resins with different crystal type after stretching, while the electric strength of the BOPP film
containing f-nucleating agent is 7.1% lower than that of the BOPP film without f-nucleating agent. Finally, the BOPP films
were subjected to vacuum heat treatment at different temperatures for 1 000 h. The electric strength of the two BOPP films
increases with the increase of heat treatment temperature, and the electric strength of the film containing f-nucleating agent
increases more significantly, which exceeds that of the resin with a-crystal as the main crystal after heat treatment at 120°C.
It is speculated that the reason for this result is that the f-crystal is not conducive to the optimal arrangement of molecular
chains during the tensile process, resulting in the migration of electrons more easily and thus reduce the electric strength.
However, the vacuum heat treatment near the crystallization temperature can promote the movement of molecular chain
segments, optimize the aggregation structure, and ultimately make the electric strength incrase.

Key words: polypropylene; BOPP; capacitor; crystallization; electric strength; S-crystal
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