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Research on interface performance enhancement of aramid composite
nano insulation paper based on plasma modifid-AlO,
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(State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources,
North China Electric Power University, Beijing 102206, China)

Abstract: To enhance the electrical insulation and mechanical properties of poly(m-phenylene isophthalamide) (meta-
aramid, PMIA) nano paper-based materials, a modified alumina (A-ALO,) with surface-grafted polar groups was prepared
using air plasma treatment and introduced into PMIA paper as a reinforcing phase. The effects of different doping amount on
the properties of the composite paper were systematically investigated. The results show that when the mass fraction of A-
AlO; is 3%, the composite paper achieves optimal overall performance, with its breakdown strength increasing to 255.7 kV/
mm, volume resistivity reaching 3.48x10" Q-m, and the dielectric constant improving while the dielectric loss remaining at
a low level. This is attributed to the high insulation performance of A-Al,O, and its suppression on electric field distortion.
At this doping level, the interface trap depth and density in PMIA/ALO, composite paper are maximized, effectively
inhibiting charge transport and thus enhancing dielectric strength. Additionally, the optimal sample exhibits a Young’ s
modulus of 3.65 GPa, tensile strength of 24.6 MPa, and elongation at break of 1.5%. This can be attributed to A-ALO,
bearing more local stress in the insulating paper. However, A-Al,O, tends to agglomerate when its mass fraction exceeds 3%,
leading to decreased dispersion in the matrix, reduced effective interface area, lower trap density, and more stress
concentration regions, thereby resulting in deteriorated electrical and mechanical properties of composite paper.
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