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Abstract : Zirconium oxide (ZrO,) nanoparticles are widely used in ceramic processes, aerospace components, and high-
frequency capacitors due to their excellent mechanical toughness, thermal stability, and dielectric properties. In order to expand the
application of ZrO, within the field of environmentally friendly cable products, ZrO,/polypropylene (PP)/polyolefin elastomer
(POE) composite insulating materials were prepared by stepwise melt blending using PP as the matrix, POE as the toughening agent,
and silane coupling agent graft-modified ZrO, as the nanofiller. By changing the content of ZrO,, the effects on the microscopic
morphology, thermal properties, mechanical properties, and electrical properties of the composites were investigated. The results
show that the agglomeration phenomenon of nano-ZrO, particles is significantly improved after grafting with coupling agent, and the
crystallinity of the composites is improved with the increase of ZrO, content, and it does not significantly affect the crystal structure
and melting temperature of PP. Compared with the pure PP material, the PP/POE system after blending POE can achieve a signifi-
cant enhancement of elongation at break, and the continued construction of the ZrO,/PP/POE ternary system improves the tensile

fracture strength, which results in the PP composites with good mechanical properties. Electrical tests indicate that with increasing
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ZrO2 content, the volume resistivity and AC breakdown field strength of the composite material both exhibit a trend of first increas-

ing and then decreasing, while the dielectric loss shows a trend of first decreasing and then increasing. When the ZrO, content is 1.5

phr, the composite exhibits the most excellent electrical properties, and its dielectric loss in the wide frequency domain is smaller
than that of the PP/POE binary blend; the volume resistivity rises to 8.48x10'° {)*m, and the AC breakdown field strength reaches

114.6 kV/mm, which are all better than that of the PP/POE material. Simulation calculations show that the surface grafting treat-

ment of ZrO, can form deep traps inside the composite material to capture free carriers and limit the motion process of charge, thus

achieving the improvement of electrical properties. The work in this paper can provide a reference for the engineering application of

polypropylene insulated cables.

Keywords : nano-ZrO, ; polypropylene ; polyolefin elastomer ; mechanical property ; electrical property ; AC breakdown

strength
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Fig. 5 SEM images of brittle fracture surfaces of different samples
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Tab.3 Mechanical properties of samples

Samples  Elongation at break/%  Tensile fracture strength/MPa
PP 148.194+40.8 31.80+2.7
P, 569.18+22.7 29.51£2.5

PZ,, 590.01+24.2 31.53+5.2

PyZ,, 618.54+44.6 31.33+4.2

PZ,, 641.13£50.3 32.94+3.8

P,Z 631.53£17.2 31.40+2.3
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