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Comparative research of conductive carbon black structure and
application in high-voltage semi-conductive shielding materials

YU Xin', WANG Zhixing’, CHEN Yuhui', PENG Xiangyang', YU Shihu', JIA Lichuan’

(1. Guangdong Key Laboratory of Electric Power Equipment Reliability, Guangdong Power Grid Corp Electric
Power Research Institute, Guangzhou 510062, China;
2. College of Electrical Engineering, Sichuan University, Chengdu 610065, China)

Abstract: The aggregate structure, microcrystalline structure, and surface chemical properties of domestically developed
conductive carbon black (CB) were compared with that of international commercial products, and the comprehensive
performance of semi-conductive shielding materials prepared by filling CB were studied. The results show that the domestic
CB exhibits comparable aggregate structures, microcrystalline dimensions, and carbon content with the imported CB, while
the domestic CB contains 0.51% of sulfur elements and demonstrates lower particle size uniformity, alongside a significant
variance in the content of various surface functional groups. The semi-conductive shielding material prepared with domestic
CB achieves equivalent electrical and mechanical performance to that prepared with imported CB, but its surface
smoothness is inferior, which does not meet the industry requirements. It is concluded that the uniformity of particle size,
contents of surface functional groups, and the sulfur content are important research direction for structural optimization and
performance improvement of domestic conductive carbon black, and surface smoothness is a significant research focus for
the development of domestic high-voltage semi-conductive shielding materials.
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Fig.1 SEM images of conductive carbon black
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Fig.2 TEM images of conductive carbon black
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Fig.3 Particle size distribution of primary particles of

conductive carbon black
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Fig.4 Structure of primary particles and electron diffraction

patterns of conductive carbon black
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Fig.5 XRD spectra of conductive carbon black
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Table 1 Calculation results of microcrystalline structure

parameters of conductive carbon black

SRR JZME/am HESEEmm HEEH AR /nm

CB1* 0.359 1.346 4.753 3.600
CcB2* 0.362 1.310 4.621 3.299
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Fig.6 Raman spectra of conductive carbon black
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Fig.7 XPS spectra of conductive carbon black
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Fig.8 Sulfur element peak bitmap of conductive carbon black
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Table 2 Mass fraction of elements conductive carbon blacks
%

T il C 0 S
CB1* 97.46 2.54 —
CB2* 97.24 2.25 0.51
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Fig.9 FTIR spectra of conductive carbon black
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Fig.10 Peak-differentiaton-imitating of O element in

conductive carbon black
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Table 3 Mass fraction of oxygen-containing functional

groups in conductive carbon black

%
FE b SLES A Myfedt  PRILEUERAE
CBI1* 58.48 31.58 5.85 4.09
CB2* 51.81 39.38 5.70 3.11
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Fig.11 Volume resistivity of semi-conductive

shielding materials
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Fig.12 Mechanical properties of

semi-conductive screen materials
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semi-conductive screen materials
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