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Effects of liquid additives on processing characteristics and physical
properties of high-voltage cable insulation materials

ZHANG Yaodong, REN Xiang
(State Grid Hubei Electric Power Co., Ltd. Electric Power Research Institute, Wuhan 430012, China)

Abstract: The researches on the effect of liquid additives on the improvement of processing characteristics and physical
properties of crosslinked polyethylene (XLPE) insulation materials for high-voltage cables are insufficient. In this paper,
liquid crosslinking agents and antioxidants were taken as research objects. The effects and mechanisms of liquid additives on
the scorch resistance, gel content, crosslinking by-products, thermodynamic and dielectric properties of XLPE were
discussed. The results show that the liquid cross-linking agent 2, 5-dimethyl-2,5-bis(tert-butyl peroxide)hexane with a high
decomposition temperature and long-chain alkyl groups involved in crosslinking reaction can simultaneously enhance the
scorch resistance and gel content of XLPE insulation materials, and reduce the content of crosslinking by-products.
Meanwhile, the liquid antioxidants a-tocopherol and sorbitol exhibit excellent compatibility, they can form temperature-
dependent proton transfer interactions, which can improve the anti-scorch performance of XLPE without compromising its
gel content. Additionally, these liquid crosslinking agent and antioxidants can improve the breakdown performance of XLPE
insulation while maintaining its thermodynamic properties. This study proves the feasibility of applying liquid additives to
XLPE insulation for high-voltage cable.
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Table 1 Detailed formulas and naming of all samples

T BURT & B/

M Toce DHBP A0 o hAm LA
PE-A 1.8 0 0.2 0 0
PE-B 1.8 0 0 0.1 0.1
PE-X 0 1.8 0.2 0 0
PE-Y 0 1.8 0 0.1 0.1
PE-Z 0 1.6 0 0.1 0.1

1.2 MEgEt 5k

S 6 50 900 A8 A (RM-200C 7Y, i 38 e /S 50K
AR FEA 7D, HeHE GB/T 16584—1996 Ik 44 2%
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Fig.1 The evolution curves of torque of XLPE

insulating materials over time
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Table 2 Gel content of XLPE samples

R PE-A PE-B PE-X PE-Y PE-Z
B /% 85.2 86.1 87.3 88.6 86.5
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Fig.2 The mechanism diagram for proton transfer reaction

between a-tocopherol and sorbitol

AH LT DCP, DHBP J2& K8 e H ik S A0, 7252
10 I 28 v BB A Sy e e AT R0, i [ 3 BT, ARAIE T
R A B A B o A BT IR S s R, B
7 J53 & 1) DHBP #4732 B i i S840 9 B el 2 R
%, Bell 5l R AR E 2 AR BE R OO0 B R, AR
—EFRE FART T AR . WAk, o R F AL
ALBEAE il T 0 T R A 2 I 59 5 BO A8 Bk
S R P A0 33 T A R T PR E A v 1 8 fi
oE. Bk, PE-Z B RGP E AR S 1
gl

HE— 2543 M1 5 Fh R S XLPE 3RRE 1) 22 Bk Al
Vg s, R St 2k I8 4 s . o R A R

@
O
5 >_/%
>_/—é()
O
£

[EE Y XLPE

&3 DHBP 35|43 ELR NAIEE

Fig.3 Mechanism diagram of crosslinking reaction

initiated by DHBP
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Fig.4 The thermogravimetric curves of the

undegassed XLPE samples
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Fig.6 The melting and crystallization curves of
XLPE samples
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Table 3 The melting point and crystallinity of XLPE samples

120 140 160

Ew PE-A PE-B PE-X PE-Y PE-Z
K5t/ °C 105.5 104.7 107.1 106.3 105.6
45 1% 31.4 30.1 32.3 31.9 32.8
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Fig.7 The oxidation induction period curves of
XLPE samples
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Fig.8 The tensile curves of XLPE samples



40 AR

2025,58(3)
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Table 4 The tensile strength and elongation at break of
XLPE samples

W B A58 /M Pa WA /%

PE-A 24.29 592.61

PE-B 24.38 601.18

PE-X 24.85 629.52

PE-Y 25.13 636.04

PE-Z 24.67 633.07
BEREIAE AR .
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Fig.9 Weibull distrubution for breakdown characteristics of
XLPE samples
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Table 5 Weibull parameters for breakdown characteristics of
XLPE samples

Eved a/(kV/mm) B

PE-A 487.67 11.82
PE-B 494.43 12.77
PE-X 498 85 12.13
PE-Y 509.38 13.75
PE-Z 511.92 13.91
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