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Influence of thermal ageing on structure and electrical properties of
polypropylene film for capacitors

LIU Hongbo, CHENG Lu, XU Zhe, MA Yuwei, LIU Wenfeng

(State Key Laboratory of Electrical Insulation and Power Equipment, Xi'an Jiaotong University,
Xi'an 710049, China)

Abstract: Biaxially oriented polypropylene (BOPP) film is a mainstream dielectric material used in power capacitor, there is
still a large gap between thermal stability performance of imported BOPP films and that of domestic films. In order to
systematically investigate the thermal stability of domestic and imported BOPP film, as well as to reveal the thermal ageing
mechanism, we selected typical domestic and imported BOPP film samples, and conducted vacuum thermal ageing test on
them for 1 000 h under 80°C and 120°C, respectively. The changing law of molecular structure, aggregation structure, and
electrical properties of the films before and after thermal ageing was compared and analyzed via infrared spectroscopy
(FTIR), optical microscope observation, X-ray diffraction (XRD), dynamic thermomechanical analysis (DMA), dielectric
spectroscopy, and direct current breakdown strength. The results show that compared with that of imported BOPP films, the
crystallinity of domestic films is lower and the force between molecular chains is weaker. The breakdown field strength of
domestic films is 5.7% lower than that of imported films. Under the effect of long-term thermal ageing, both BOPP films
have undergone recrystallization, including the increase of crystallinity and lamellae size in the crystal region and the
increase of free volume and the molecular chains loss scale in the amorphous region. Meanwhile, the change of the
aggregate structure leads to the increase of the dielectric loss and the decrease of the breakdown strength at low probability
zone of the film after ageing. Moreover, compared with domestic films, the stronger inter-chain forces in imported films
effectively inhibit the recrystallization process, and decrease the generation and development of electrical weakness, which
makes the imported BOPP films have better long-term thermal stability.
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BOPP films before and after ageing
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BOPP films before and after ageing
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Fig.10 Schematic diagram of aggregation structure of
BOPP films before and after aging
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