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Performance optimization of LLDPE non-crosslinked semiconductive
shielding materials via EBA addition

YU Xin', LI Bowen®, FAN Yazhou', WU Ji', ZHANG Hong? LI Yinge', GAO Jinghui’

(1. Guangdong Key Laboratory of Electric Power Equipment Reliability, Electric Power Research Institute of
Guangdong Power Grid Co., Ltd., Guangzhou 510080, China;
2. State Key Laboratory of Electrical Insulation and Power Equipment,
Xi'an Jiaotong University, Xi'an 710049, China)

Abstract: This study systematically investigated the effect of the type and content of ethylene-butyl acrylate (EBA)
copolymer on the properties of linear low-density polyethylene (LLDPE)-based non-crosslinked semiconductive shielding
materials. A series of shielding material samples were prepared, and their physicochemical properties, volume resistivity, and
mechanical performance were characterized. The results show that the incorporation of EBA significantly improves the
processability and electrical conductivity of the shielding material. When the mass fraction of EBA in the matrix resin
increases from 0 to 15%, the melt flow index of the shielding materila increases from 0.95 g/10 min to 1.15 g/10 min, while
the volume resistivity decreases from 11.68 Q-cm to 8.69 Q-cm. However, the addition of EBA also leads to reduction in
crystallinity and mechanical properties of the shielding material. Among the samples modified by different types of EBA,
the 35BA40-modified sample exhibits optimal electrical conductivity and processing flowability, whereas the E2770-
modified sample shows superior mechanical performance.

Key words: non-crosslinked polyethylene-based shielding material; ethylene-butyl acrylate copolymer (EBA); melt flow

index; volume resistivity; mechanical properties
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Table 1 Model types and performance parameters of EBA

e BAJE  AEUIER(190°C,  RMPTREE MR
5780%  2.16kg)(g/10 min)  /MPa %
E1715 17 15 17 230
E2770 27 7.0 77 600
35BA40 35 40 5 500
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1l 2% B WORHRE S AT K LLDPE &5 5 B S AR
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FH % %5 7 A% 1 (HAAKE PolyLab OS %Y , 282k K
DT IR . e R A E 180°C , K 4T
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Fig.1 Schematic diagram of the four-electrode method
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Table 2 Shielding material formula with
different EBA content

FEM AR IR S Rk H 1 5 = B %
'S EBAFI=/%0/% LLDPE EBA CB EBS #4300

1# 0 67.500 0 30 2 0.5
2 5 64.125 3375 30 2 0.5
3 10 60.750  6.750 30 2 0.5
4 15 57.375 10.125 30 2 0.5
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Fig.2 SEM images of brittle fracture surfaces of shielding

materials with different EBA contents
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Fig.3 DSC curves of shielding materials with
different EBA contents
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Table 3 DSC characterization parameters of shielding

materials with different EBA contents

FESh BRI TE AR AL AAREE AEEIERIE SIS A,

w5 T/C /(3/g) % TJC /(3/g)
17 124.04 67.32 3347 11171 71.52
2 123.69 62.47 31.06 11175 69.24
3t 123.21 61.62 30.64  111.71 65.36
4 123.49 58.90 2029  111.78 64.97

LLDPE 4 7% B U HE %) F1iz 2 66 77, K 1tk EBA
BB IR R 0 2 A B R} 4 T A 1 TR X T A R R
W% EBA & & 3N i B
2,14 AR

S8 Rl AR B2 BE Ok A i R i — A
WS %, A3 B e AR 2O 4 RE A OR AR 2 &
R e B T SRR AT EE IR bR W KRE . R
190°C .20 kg I ZH ik B , A [F] EBA & & Bf iR
AR BRI S R 4 FroR . W4T LA
KU N EBA I BE IORH Rl F5 208 0.95 g/10min, ¥
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Fig.5 Variation of volume resistivity of shielding materials

with EBA content at room temperature
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Table 4 Shielding material formula of different EBA types

pe R AR B2 H0%
EBA &7 &

G St
s  LLDPE EBA  CB EBS #4300

3" 10% E2770  60.750  6.750 30 2 0.5
5" 15.9% E1715  56.779 10.721 30 2 0.5
6" 7.7%35BA40 62293  5.207 30 2 0.5
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Fig.8 DSC curves of shielding materials with
different EBA types
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Table 5 DSC characterization parameters of shielding

materials with different EBA types

AL WEALEIR R JERE AL, ZEEE AIEIRE 4R
RS T,/C 1(J/g) /% T.JC AH/(J/g)
3 123.21 61.62 30.64 111.71 65.36
5t 123.02 56.54 28.11 111.75 64.11
6" 123.38 63.26 31.46 111.74 66.21
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Fig9 Melt flow index of shielding materials with
different EBA types
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