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Abstract: Film capacitors are core equipment in fields such as VSC-HVDC transmission and renewable
energy grid integration, undertaking such critical functions as voltage stabilization support, DC filtering
and reactive power compensation. At present, high-end DC dry-type capacitors and high - performance
polypropylene (PP) dielectric films in core application scenarios still rely predominantly on imports. Foreign
enterprises have established systemic technological barriers in material formulation, film processing, and
equipment manufacturing, which constrain the development of a self-controllable supply chain for power
equipment in China. High - temperature energy storage performance is one of the main gaps between the
domestic polypropylene (PP) films and advanced foreign products. At elevated temperatures, the intensified
thermal motion of PP molecular chain segments and the significantly enhanced transport of thermally
activated charge carriers lead to increased conduction loss and reduced breakdown strength. In this paper, the
recent progress of such three modification strategies as nanocomposite modification, all-organic composite
modification and surface modification is systematically reviewed. Emphasis is placed on the systematic
analysis of the entire process of carrier generation, migration, and recombination, aiming to reveal the high-
temperature modulation mechanisms of various modification strategies and their corresponding structure -
performance correlations with energy storage properties. Considering the national demand for localization,,
this paper identifies the prevailing scientific bottlenecks and technical hurdles, providing a scientific

foundation for addressing the high-temperature performance deficiences of PP films and for supporting the
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independent and controllable development of the power equipment industry.

Keywords: polypropylene; high - temperature energy storage performance; carrier transport; conduction

loss; film capacitor
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density among dielectric capacitors, electrochemical
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for leakage current and conduction loss'®
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