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Research on Dispersing Property of
Nanoparticles in HVDC Cable Insulation Materials

ZENG Hao, GAO Kai, WANG Chuanbo, ZHU Zhien, YANG Liming
(NARI Group Corporation (State Grid Electric Power Research Institute), Nanjing 211106, China)

Abstract: The insulation master batch was prepared by twin-screw extruder and internal mixer, and then it was
used to prepare HVDC cable insulation. The dispersing property of nanoparticles in insulation was quantitatively
analyzed by transmission electron microscope (TEM) and Image J software, and the electrical properties of
insulation were tested. The results show that it is difficult to determine the dispersion and distribution degree of
nanoparticles in nano-composite DC materials by qualitative analysis through TEM, while the characteristic data
of nanoparticles in TEM images can be extracted by Image J, so as to quantitatively analyze the dispersion
properties of nanoparticles. Compared with DC material using the master batch prepared by internal mixer, the DC
material using the master batch by twin-screw extruder have better electrical properties, and nanoparticles are
more evenly distributed and better dispersed in it.
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Fig.1 Flow chart of HVDC insulation preparation
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Fig.2 TEM images of insulation material A
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Fig.3 TEM images of insulation material B
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Tab.1 Statistics of nanoparticles in insulation material A

e S AN S STl AR S YT AR AR B TR
oA/

A /nm? /nm?
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4 3679x2 776 122 291 631 2390
5 3 446x2 603 112 295 461 2638
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Tab.2 Statistics of nanoparticles in insulation material B
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Tab.3 Calculating data of the number of nanoparticles in

insulation material A and B

A~/10um?
'S 1 2 3 4 5
Bkl A 119 125 118 114 117
ELE B 97 91 76 104 64
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Fig.4 Distribution statistics of nanoparticles in

insulation material A
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Fig.5 Distribution statistics of nanoparticles in

insulation material B
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Fig.6 Average particle size of nanoparticles in

two kinds of insulation material
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Fig.,7 Maximum particle size of nanoparticles in

two kinds of insulation material
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Fig.8 Minimum particle size of nanoparticles in

two kinds of insulation material

REU> D, 3R 4 /2 P P ELUBHE A [R1R FE R (0 B UM R
XPb. MR AT UUE A FIRRE T, Bk
A FIEUE B (A AR i BE 26 2 A8 #5230, 17 B 3k
A ELR AR N BB OR T ERUE B

9 2 P A EL YU RHAUREAE N T 60 min B 2% (1]
ML 2 P o A B AN 9 BT LU H, P A B RHR
FEAE FA B 30 350 T Jl /D B e Ve L AT o 37 38 5 [
¥ (field enhancement factor, FEF)!""In] L Ak 4% [A]
A7 Y NI OO0, FEF AR BR K 38 7 2 (8] L far v\

T4 MMERBEFERE THESMAEE
Tab.4 Electrical properties of two kinds of

insulation at different temperatures

moH HiikA Bk B
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A HLBH 26/(Q m)
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30°C 401 366
50°C 362 324
H AR /(kV/mm)
70°C 317 296
90°C 299 285
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Fig.9 Space charge density distribution of

two kinds of insulation material
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