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Effect of molecular chain structure of polyethylene on its
dielectric performance

WANG Xia, CHEN Yuqi, CHEN Runbang, WU Kai

(State Key Laboratory of Electric Insulation and Power Equipment, Xi'an Jiaotong University,
Xi'an 710049, China)

Abstract: In order to explore the reasons for the differences in the properties of polyethylene cable materials at home and
abroad, the molecular weight distribution, long branch chain content and short branch chain content of the materials were
measured by gel permeation chromatography (GPC), rotational rheological test, and self-nucleation annealing thermal
classification (SSA), and the relationship between the molecular chain structure of one domestic and two imported 500 kV
cross-linked polyethylene cable materials and their dielectric properties were discussed. The results show that the order of
long-chain chain content in polyethylene from small to large is: domestic sample, imported B sample, imported A sample.
The order of short chain content from small to large is: imported sample B, imported sample A, domestic sample. Among
them, the imported sample A has higher content of long-chain chains, which is conducive to the formation of ordered
molecular arrangement and crystallization, and further improve its withstand voltage level. Excessive short chain content in
domestic samples can hinder the molecular crystallization, resulting in lower breakdown strength. In addition, the
differences in the molecular chain structure of the three types of polyethylene have little effect on their dielectric constant,
dielectric loss factor, and resistivity.
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Fig.1 The molecular weight distribution diagrams of the

three basic resins
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Table 1 The test results for the molecular weight and

polydispersity coefficient of the three basic resins
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Table 2 The calculation results of the long-chain branching

degree of basic resin for cross-linkable polyethylene materials
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Fig.2 The relationship between energy storage modulus and
strain of three basic resins at 150°C
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Fig.3 The change of complex viscosity of three basic resins
with angular frequency
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Fig.4 Crystallization and melting curves of domestic sample
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Fig.5 Crystallization and melting curves of
imported sample A
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Table 3  Short branch chain content and wafer thickness
corresponding to each melting peaks of domestic samples

r./C 1102 105 99.7 948 90 851 80.5 759
Scp/10 000 1537 18.71 22.11 25.28 28.41 31.54 34.53 37.51
L/nm 7.81 589 470 396 343 3.02 272 246
Al% 43.22 22.66 1391 894 559 334 180 0.54

F4 HEOHRASBRIENNMEXRESEMFREEE
Table 4 Short branch chain content and wafer thickness
corresponding to each melting peaks of imported sample A

r./C 111.4 106 1009 9%96.1 913 865 81.7 77
S/10000  14.6 18.07 21.33 24.46 27.53 30.63 33.74 36.70
L/nm 8.45 6.18 493 4.13 356 3.13 279 253
Al% 44.00 19.88 13.10 8.80 592 4.02 2.68 1.58

x5 HOMEBEBRENNMNEXESEMRREEE
Table 5 Short branch chain content and wafer thickness
corresponding to each melting peaks of imported sample B

T /C 1143 1089 103.9 99 943 894 848 80.1
Scp/10 000 12.72 16.20 19.44 22.59 25.63 28.75 31.77 34.72
L/nm 10.55 7.22 558 458 390 338 3.00 2.70
Al% 47.58 19.76 12.59 8.0 5.15 3.43 225 1.28
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Fig.8 Breakdown strength of three samples
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Table 7 Breakdown characteristic parameters of three samples

ok o/(kV/mm) p

[ 105.1 32.6
HETA 130.7 20.2
#rB 108.1 45.0
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