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Abstract: Low—density polyethylene (LDPE) is a core raw material for cable insulation layers, and its cross—linking
characteristics significantly influence cable performance. The vinyl double bond (VDB) content in LDPE is a key
factor influencing its cross—linking characteristics. However, due to the complexity of the LDPE synthesis process, it
is extremely difficult to directly prepare LDPE with a single—variable gradient of VDB content through
polymerization. Consequently, there is a lack of in—depth and systematic studies in the literature on the influence of
VDB content on the cross—linking behavior of LDPE. In this study, a series of LDPE materials with a single—
variable gradient of VDB content were prepared via catalytic hydrogenation, and the influence of VDB content on
their cross—linking characteristics was systematically investigated. The results show that LDPE with high VDB
content exhibits shorter scorch time and curing time, faster cross—linking reaction rate, and higher cross—linking

density and gel content in the resulting cross—linked polyethylene (XLPE), indicating higher cross—linking
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efficiency. Quantum chemical calculations reveal that VDB can reduce the dissociation energy of adjacent C-H

bonds, promoting radical generation and thereby enhancing cross—linking reactivity. Additionally, the crystallization

temperature, melting temperature, and crystallinity of XLPE are significantly lower than those of LDPE, with the

extent of reduction increasing with higher cross—linking density, indicating that the cross—linked network inhibits

chain segment mobility and ordered arrangement. In conclusion, regulating VDB content is an effective approach to

optimizing the cross—linking performance of LDPE. This study provides an important theoretical basis for the

molecular design of LDPE used in high—voltage cables.

Keywords: low—density polyethylene; hydrogenation; vinyl double bond; cross—linking properties; molecular

simulation; radical
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Fig. 1 Cross-linking reaction mechanism of polyethylene with DCP peroxide
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Fig.2 GPC curves of three LDPE samples
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Fig. 3 FTIR spectra of three LDPE samples
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(a) Nuclear magnetic resonance signal attenuation curve, (b) relaxation time t,(c) cross—linking density, and (d) gel content of

XLPE
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Table 4 Energy values of relevant structures in

polyethylene

Structure E (Hartree)

He -0.496380
PE =511.7558684
PE(1) =511.0934057
PE(2)* =511.0930541
VDB-PE -510.5274151
VDB-PE(1)* -509.8895596
VDB-PE(2)* -509.8648724
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K7 RO C-H R B A B OR AIRANE G 3R B1FRR
CIF =T )
Fig. 7 C—H bond dissociation sites in polyethylene (gray and
white spheres represent carbon and hydrogen atoms,

respectively)
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Table 5 BDE values of C—H bond in polyethylene

s BDE BDE
(Hartree) (kJ+mol™)
PE(1) 0.1660827 436.3
PE(2) 0.1664343 437.3
VDB-PE(1) 0.1414755 371.7
VDB-PE(2) 0.1660302 436.2

G P, B SR EE IO, G 6 Bz s Y
S5 08 R AR 5 35 A BELASA FH AR, 6 XILPE A9 7,
T, VAKX e o A o 3%

%6 LDPERXLPEZRHEESH
Table 6 Crystallization parameters for LDPE and XLPE

Sample T.(°C) T,(C) AH, (Jg) X, (%)
LDPE-1 98.3 111.6 111.8 38.1
LDPE-2 97.3 110.1 109.9 374
LDPE-3 97.1 110.3 111.8 38.1
XLPE-1 90.8 103.5 90.6 30.9
XLPE-2 91.8 105.4 96.8 33.0
XLPE-3 93.6 106.9 102.3 34.8
4 4
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Fig. 8

(a) Cooling crystallization DSC curves and (b) second heating melting DSC curves of LDPE and XLPE
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