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Fig. 1 Synthetic reaction equation for 3-(dodecylcarbamoyl)bicyclo[2.2.1]hept-5-ene-2-carboxylic acid
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Fig. 2 Synthetic reaction equation for sodium salt of 3-(dodecylcarbamoyl)bicyclo[2.2.1]hept-5-ene-2-carboxylate
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Fig. 3 Synthetic reaction equation for zinc salt of 3-(dodecylcarbamoyl)bicyclo[2.2.1]hept-5-ene-2-carboxylate
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Fig. 4 Schematic of the PEA measurement system!'!
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Fig.5 Infrared spectrum of N-Zn
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Fig. 6 Scanning electron microsco images of (a) P, (b) PP/0.4 phr ZnO, (c) PP/0.4 phr N-Zn and (d) PP/0.8 phr
N-Zn
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Fig. 7 Thermal decomposition mechanism of zinc salt of

/n — CH3(CH2)]1NH2 + (C7H8COO)HZHO
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3-(dodecylcarbamoyl)bicyclo[2.2.1]hept-5-ene-2-carboxylate
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Fig. 8 DSC curves of different samples: (a) cooling curves; (b) heating curves
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PP/0.8phr N-Zn 164.7 117.7 54.69 26.2
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PP/0.4phr ZnO 165.7 116.7 49.50 23.7
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Fig. 9 Curves of test current density with electric field intensity
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Fig. 10 Spatial charge characteristics of different samples: (a) PP polarization; (b) PP depolarization; (c) PP/0.05
phr N-Zn polarization; (d) PP/0.05 phr N-Zn depolarization; (e¢) PP/0.2 phr N-Zn polarization; (f) PP/0.2 phr N-Zn
depolarization; (g) PP/0.4 phr N-Zn polarization; (h) PP/0.4 phr N-Zn depolarization; (i) PP/0.8 phr N-Zn
polarization; (j) PP/0.8 phr N-Zn depolarization; (k) PP/1.0 phr N-Zn polarization; (I) PP/1.0 phr N-Zn

depolarization; (m) PP/0.4 phr ZnO polarization; (n) PP/0.4 phr ZnO depolarization
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Effect of Organic-Modified Zinc Oxide on the Direct Current
Dielectric Properties of Polypropylene

Zhigiang Wu'!, Linhuan Li', Fenglian Ma?, Ruizhang Ren?
(1. Tebian Electric Apparatus Deyang Cable Co., Ltd, Deyang 618000, China; 2. State Key Laboratory of
High-Efficiency Special Cable Technology, Harbin University of Science and Technology, Harbin 150080,
China)

ABSTRACT: To investigate the effect of organic-modified zinc oxide on the direct current (DC) dielectric
properties of polypropylene (PP), zinc salt of
3-(dodecylcarbamoyl)bicyclo[2.2.1]hept-5-ene-2-carboxylate was designed and synthesized in this study.
Various concentrations of polypropylene/ zinc salt of
3-(dodecylcarbamoyl)bicyclo[2.2.1]hept-5-ene-2-carboxylate samples were prepared by melt blending
modification. The phase structure and melt crystallization characteristics of the blend were studied through
scanning electron microscopy and differential scanning calorimetry. The DC conductivity and space
charge characteristics of the sampes were tested and compared with the performance of the
polypropylene/nano zinc oxide samples. The results indicate that the organic modified zinc oxide
generated by the thermal decomposition of zinc salt of
3-(dodecylcarbamoyl)bicyclo[2.2.1]hept-5-ene-2-carboxylate is uniformly dispersed in polypropylene.
When the amount of zinc salt of 3-(dodecylcarbamoyl)bicyclo[2.2.1]hept-5-ene-2-carboxylate added is
between 0.4 phr and 1.0 phr, the crystallinity of polypropylene is improved. When the addition amount
ranges from 0.05 phr to 0.8 phr, zinc salt of 3-(dodecylcarbamoyl)bicyclo[2.2.1]hept-5-ene-2-carboxylate
significantly inhibits current density by changing the crystal structure and compatibility of PP, and has an
inhibitory effect on space charge after a short circuit of 6 s. Among them, the space charge density of
PP/0.05 phr zinc salt of 3-(dodecylcarbamoyl)bicyclo[2.2.1]hept-5-ene-2-carboxylate is about 1.2 C/m?3,
and the effect of inhibiting space charge is significant, indicating that the organic modified zinc oxide has
a certain improvement on the DC dielectric properties of polypropylene.

Keywords: zinc salt of 3-(dodecylcarbamoyl)bicyclo[2.2.1]hept-5-ene-2-carboxylate; nano zinc oxide;

polypropylene; space charge
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