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Fig. 1 Molecular structural formulas of different (a) hindered phenol antioxidant, (b) hindered amine antioxidant and (c) secondary

antioxidants and their comparative antioxidants
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Fig. 3 Schematic diagram of (a) the thermal-oxidative degradation
of PP affected by metal ashes and (b) the inhibition effect of
the MD1024 on metal ashes
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Tab. 1 Effect of different kinds of antioxidants on the electrical properties of XLPE and PP
Dielectric properties
Type Antioxidant Matrix Conductivity Charge traps Breakdown w/%  Ref.
strength
('vs. matrix) /eV & .
/(kVemm™)
414 (30 C,
Primary Pp 134% (30 C), Deep trap energy level and Matrix 401) 03 [14]
antioxidant AO736 1143% (90C) density T 284 (90 C, '
Matrix 206 )
XLPE Hole trap depth T 538 (25 C) 02 [18]
Hole traps exhibit deeper
A02246-S XLPE energy levels and higher 518, (25C) 0.2 [14]
densities
Deep trap ener; level
134% (30C), b trap & TV 406 (300,
AQ300 PP anddensity T, and density 03  [14]
1122% (90 C) 244 (90 C)
>A0736
PP Deep trap density 1 2L(B T, 02 [13]
eep trap densi .
b frap densiy Matrix 462)
XLPE <AO736 and AO2246-S 523 (25C) 0.2 [18]
AO01010 PP Deep trap density T 480 (25 C) 02  [13]
PP 78.36 (AC) 0.2 [22]
AO3114 PP 78.56 (AC) 02 [22]
AO0330 PP 77.13 (AC) 02 [22]
BHT PP 78.58 (AC) 02 [22]
Irganox@©1076  XLPE No significant change Deep traps 1.4 0.3 [21]
Shallow traps 0.91 ( matrix 420 (30 C, 0.3 [19]
o PP/ L72% (30 C), 0.95), Matrix 320)
Tinuvin 622 . .
ULDPE 1 10x matrix (90 C) deep traps 1.02 ( matrix 360 (90 C,
1.02) Matrix 315)
o PP/ ~ (30 C),15x% matrix  Shallow traps 0.91, 455 (30 C) 0.3 [19]
Tinuvin 770
ULDPE (90 C) deep traps 1.025 350 (90 C)
. PP/ l 50% (30 €), =~ Shallow traps 0.91, 385 (30 C) 0.3 [19]
Chimassorb 944
ULDPE (90 C) deep traps 1.03 375 (90 C)
A04436-S XLPE | 10x matrix (25 C)) 0.2  [20]
A02246 XLPE No significant change 0.2 [20]
Deep traps 1.2, trap
Secondary PS802 XLPE No significant change densityincreases with 0.3 [21]
antioxidant increasing concentration
AO168 PP 1 8% (25°C) 0.19 [22]
632 (25C, 0.1~03 [7]
Metal PP 1 628% (25 C, Matrix 493)
. MD1024 i B
deactivator (35 pm film) 50 kV-mm™") 503 (85 C,

Matrix 399)
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b)MPE-XLPE

(c) Antioxidant 300/MPE-XLPE

(d) Antioxidant 1035/MPE-XLPE

Fig. 4 Crystallization morphologies of (a) XLPE, (b) MPE-XLPE, (c) antioxidant 300/MPE-XLPE blend and (d) antioxidant 1035/MPE-

XLPE blend
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Progress on the Effects of Antioxidants on Electrical Properties of
Polyolefin Insulating Materials

Yuanbo Cai', Yaru Zhang', Qi Zhang', Hao Yuan', Qi Li’, Jinliang He’
(1. Sinopec (Beijing) Research Institute of Chemical Industry Co., Ltd., Beijing 100013, China;
2. State Key Laboratory of Control and Simulation of Power System and Generation Equipment,
Department of Electrical Engineering, Tsinghua University, Beijing 100084, China)

ABSTRACT: With the rapid advancement of high-voltage direct current (HVDC) transmission and power
electronics technology, the long-term stability of electrical properties in insulating materials has emerged as critical
factor for ensuring grid safety. Cross-linked polyethylene (XLPE) and polypropylene (PP), leveraging their
unique performance advantages, are widely used in high-voltage cables and power capacitors, respectively.
However, these materials undergo aging under combined effects of electric fields, heat, oxygen, moisture, and
other factors, leading to electrical performance degradation. Antioxidants, by inhibiting oxidative side reactions,
not only delay material aging but also significantly influence space charge distribution and conductivity of
polyolefins, thereby serving as a key tool for regulating electrical properties. This review focused on two kinds of
high-demand polyolefins, XLPE and PP, and systematically summarized the impact of antioxidant types on their
electrical performance as well as the mechanisms linking antioxidants to electrical properties via crystallization
regulation, and proposed future research directions: functional molecular design of antioxidants (emphasizing
interface stabilization) and targeted degradation of antioxidant residues. These advancements aim to address
current challenges and guide the development of next-generation high-performance insulating materials.

Keywords: antioxidant; polypropylene; cross-linked polyethylene; space charge; breakdown strength



