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Effect of cross-linking reaction conditions on thermal-oxidative ageing
characteristics of polyethylene cable insulation
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(1. Luzhou Vocational & Technical College, Luzhou 646000, China;
2. Huzhou College, Huzhou 313000, China;
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Abstract: The thermal-oxidative ageing characteristics of cross-linked polyethylene (XLPE) are the critical factor affecting
the operational life of cable insulation, but its internal relationship with XLPE cross-linking reaction conditions are still
lacking in research. In this paper, seven types of XLPE samples were prepared by precisely controlling the cross-linking
reaction temperature and time. Combined with Fourier transform infrared spectroscopy, tensile test, and gel content
measurement, the influence law and mechanism of cross-linking reaction conditions on the thermal-oxidative ageing
characteristics of XLPE cable insulation were investigated. The results show that the cross-linking reaction conditions
directly affect the residual antioxidant content and the cross-linking structure in XLPE, while the thermal-oxidative ageing
resistance of XLPE is dominated by the residual antioxidant content, which is also synergistically influenced by the cross-
linking structure. When the cross-linking reaction temperature is too low or the time is too short, the cross-linking structure
of XLPE is incomplete; when the cross-linking reaction temperature is too high or the time is too long, the cross-linking
structure of XLPE will not be significantly improved, while the residual antioxidant content in XLPE will decreases. Both
the two cases will lead to a decrease in thermal-oxidative ageing resistance of XLPE. The XLPE prepared under the cross-
linking reaction temperature of 170°C and reaction time of 16 min exhibits excellent thermal-oxidative ageing resistance,
which is due to the high residual antioxidant content of XLPE under the cross-linking reaction condition and the perfect
cross-linking structure. The research result provides a theoretical support for optimizing thethermal-oxidative ageing
resistance of XLPE cable insulation.

Key words: cable insulation; cross-linked polyethylene; cross-linking reaction condition; thermal-oxidative ageing; residual

antioxidant content
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Fig.1 Change law of carbonyl concentration for XLPE
samples with ageing time under different cross-linking

temperatures

Fi S FTRE N [ B TR BR A i 22 AR S ] 3R Y i
LA ST AR K, 2 B TR #4050 A T R B 4T .
M1 G AT R, W165 . W 170 W175. W 180 ik i
(I S i 2 AL I 1) 20 R 1 77641 89641 8961 656
h, 3% B i A A8 B S B B T 7, XLPE U R 1 i 22
A ST 1] 2 B 1 AN U8R, 6 7 1) R B AT B 4
T E A A G 1Rl P IR SO NI RO (i)
22155 XLPE it PR

HE— 5 K F W 2 K 22 R AIE XLPE H it #v8 2
TR S W7 2R84 K SR AR, 50 1 L Py 50 IO 4 45 g ek
AsEE. MIEZIE R, WK R AR R,
AT XLPE W #8774 Al 8 ™ o, Bl
(TR R Z A PR R 25 . &1 2 4 4 Rl XLPE R A (1)
W 284 e K 2 o 2 A R T 14 A A A o

—a—W165 ——W175
——W170 —+—W180
6001
N
5 450p 1900 e
s Z18000
= 300 g I°
= " 1700
°
165 170 175 180
150 /T
0 500 1000 1300 7000
ZALET[E]/h
El2 AR R RRE T XLPE R H T 240 A
EACR AT AL

Fig.2 Change law of elongation at break for XLPE samples

with ageing time under different cross-linking temperatures
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Fig.3 Change law of carbonyl concentration for XLPE

samples with ageing time under different cross-linking time
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Fig.4 Change law of elongation at break for XLPE samples

with ageing time under different cross-linking time
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Fig.6 Change law of cross-linking degree for XLPE samples

with ageing time under different cross-linking temperatures
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Fig.7 Change law of cross-linking degree for XLPE samples

with ageing time under different cross-linking time
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Fig.8 Schematic diagram of the role of antioxidant in

cross-linking reaction and thermal-oxidative ageing reaction
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Fig.9 Change law of the remaining antioxidant content for
XLPE samples with ageing time under different cross-linking

reaction temperatures
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Fig.10 Change law of the remaining antioxidant content for
XLPE samples with ageing time under different cross-linking

reaction times
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