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Effect of molding method on dielectric properties of
XLPE/OMMT nanocomposites

CHANG Jintao', DONG Ruixue', LI Xiufeng', HAN Shengbin', LI Haoze', MA Tao’

(1. School of Electrical and Electronic Engineering, Shandong University of Technology, Zibo 255000, China;
2. State Grid Zibo Power Supply Company, Zibo 255000, China)

Abstract: In order to study the effects of compression molding and extrusion molding on the dielectric properties of
nanocomposites, these two molding methods were used to prepared the crosslinked polyethylene/organic montmorillonite
(XLPE/OMMT) nanocomposites, respectively. The effects of the interlayer spacing change of OMMT in different
composites on the resistance-temperature characteristics, dielectric constant, dielectric loss, and electric strength of the
composites were discussed. The results show that the force field effect during the molding process can affect the
intercalation dispersion effect of OMMT. The tensile stress during extrusion molding makes the OMMT sheets in the sample
orient along the tensile direction, and form a regular arrangement unit, which hinders the migration of carriers, thereby
improving the resistance-temperature characteristics of the sample. The movement of polymer molecular segments is lim-
ited between the oriented lamella, which makes the dipole in the sample decrease, and the dielectric constant and dielectric
loss factor decrease. At the same time, the effective intercalation of OMMT and the hybrid structure formed by the polymer
cause diffuse reflection of electrons, extending the electron motion path, and improving the electric strength of the extruded
sample.
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Tab.l Composition and number of each sample

- \ 5%
mEFR o ——— i
XLPE OMMT
XLPE 100.0 — P-XLPE
99.8 0.2 P-XLPE/OMMT-0.2%
‘ 99.5 0.5 P-XLPE/OMMT-0.5%
FEA
XLPE/OMMT 99.0 1.0 P-XLPE/OMMT-1.0%
98.0 2.0 P-XLPE/OMMT-2.0%
97.0 3.0 P-XLPE/OMMT-3.0%
XLPE 100.0 — E-XLPE
99.8 0.2 E-XLPE/OMMT-0.2%
99.5 0.5 E-XLPE/OMMT-0.5%
e
XLPE/OMMT 99.0 1.0 E-XLPE/OMMT-1.0%
98.0 2.0 E-XLPE/OMMT-2.0%
97.0 3.0 E-XLPE/OMMT-3.0%
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Tab.2 Interlayer spacing data of different samples

RFE frgt ) R Mm%
MMT 6.20 1.42 —
OMMT 3.45 2.55 79.6
BER} 1.90 4.65 227.5
P-XLPE/OMMT-2.0% 1.85 4.77 235.9
E-XLPE/OMMT-2.0% 1.82 485 241.5

I 2 F3% 2 AT 51, MMT BIAT ST 8 6.20°, 2
(B #E N 1.42 nm"", Fid6 2 AL # 5 , OMMT [ I £
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Fig.3 SEM images of nanocomposites
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Tab.3  Activation energy of XLPE and its nanocomposites

BT = v s WL EE/eV
P-XLPE 0.30
P-XLPE/OMMT-0.2% 0.32
P-XLPE/OMMT-0.5% 0.38
s i) i 2R
P-XLPE/OMMT-1.0% 0.37
P-XLPE/OMMT-2.0% 0.31
P-XLPE/OMMT-3.0% 0.33
E-XLPE 0.39
E-XLPE/OMMT-0.2% 0.41
E-XLPE/OMMT-0.5% 0.48
Bt
E-XLPE/OMMT-1.0% 0.45
E-XLPE/OMMT-2.0% 0.43
E-XLPE/OMMT-3.0% 0.33
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Fig.5 Schematic diagram of carrier migration
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Fig.6  Dielectric properties of nanocomposites
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Fig.7 Breakdown characteristic of samples
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Tab.4 Breakdown characteristic parameters of

XLPE and its nanocomposites

e _OMMT RAIBH ks
o 53 0% /(kV/mm)

P-XLPE — 333 7.6
P-XLPE/OMMT-0.2% 0.2 40.0 8.1
P-XLPE/OMMT-0.5% 0.5 42.5 13.6
P-XLPE/OMMT-1.0% 1.0 41.8 10.2
P-XLPE/OMMT-2.0% 2.0 41.2 12.9
P-XLPE/OMMT-3.0% 3.0 40.6 8.8

E-XLPE — 38.1 11.4
E-XLPE/OMMT-0.2% 0.2 40.7 13.9
E-XLPE/OMMT-0.5% 0.5 432 18.3
E-XLPE/OMMT-1.0% 1.0 42.2 17.2
E-XLPE/OMMT-2.0% 2.0 41.5 15.5
E-XLPE/OMMT-3.0% 3.0 40.4 14.9
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