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Influence and Mechanism of Polyethylene Microstructure on the Crosslinking Characteristics
of Cable Insulation Materials

LI Yage, LI Weikang, YANG Wei, LIU Long, LI Yi, ZHANG Rong
(Beijing Huairou Laboratory, Beijing 101407, China)

Abstract: In order to explore the influence of polyethylene microstructure on the crosslinking behavior and network
structure of insulation materials, the peroxide chemical crosslinking behavior of four polyethylene insulation materials
was systematically analyzed by gel permeation chromatography combined with online detector, infrared spectroscopy, and
vulcanization tests. In addition, the number of weight average branching points, along with the content and length of long
chain branches in the resin, was theoretically calculated. The results indicate that the consumption of terminal vinyl
groups during crosslinking is more than twice that of ethylene groups, which can provide additional chemical crosslinking
points and improve crosslinking efficiency. High molecular weight long chain segments contribute to the construction of
crosslinked networks, but excessively high average molecular weight between crosslinking points weakens the density of
the network structure, limiting the synergistic improvement of thermomechanical properties. The effect of long chain
branches on the crosslinked network structure is bidirectional,on the one hand, longer branches and their higher content
can increase the number of cross-linking reaction sites, thereby enhancing the degree of crosslinking; On the other hand,
the limitation of polymer coil size and the self entanglement effect of long branches can weaken the structural stability of
cross-linked networks. Therefore, in the synthesis process of crosslinked polyethylene, appropriate regulation of chain
structure and bond structure parameters can effectively reduce the content of crosslinking agents, and achieve synergistic
optimization of the scorch resistance and thermal mechanical properties, which can provide theoretical guidance for the
development of insulation materials for high voltage cables.
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Table 1 Molecular structural parameters of LDPE

MFR/ M,/ M./ M/

FE b ) PDI
(g'(10 min))  (g'mol™))  (grmol!)  (grmol™)

LDPE-A 1.94 748 628 186 423 20493.9 9.10

LDPE-B 1.27 505 873 151217 174149 8.68

LDPE-C 1.56 721 456 195 083 22227.6 8.78

LDPE-D 1.96 689 784 180 834 21832.5 8.28

#*2 LDPE XfbLJE
Table 2 Branching degree results of LDPE

SCHEFP L
LDPE-A  LDPE-B  LDPE-C  LDPE-D

C1 2.905 3.614 3.522 3.080
2 1.192 1318 0.952 1.189
C4 3.974 3.848 3.782 4118
(] 3.14 3.084 3.332 2.906
P 1.014 1275 1.026 1396
Q 1.563 1.613 1.084 1.613
R 0.229 0.626 1.05 1222

S 0.489 0.332 0 0

T 0.351 0.275 0 0

§] 1.527 0.839 0.177 0
A RS 5.173 4.96 3.337 4231
FE S A 11.211 11.864 11.588 11.293
TH-NMR AL 26.93 26.16 23.92 26.26
FTIR AHX 3 A0 FE 2.0409 1.9923 1.8161 1.9255
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FIRA T A B A, LDPE-A 5 F 56 Sk 45 #4 5
SRR, SR, BC-NMR LAER L, 23, W
BT 6 MR TR SCRE S M AT RAE, FItk
KM TH-NMR F FTIR 43-J)%f LDPE {8 LES
FENTSCALBEEAT R AF, LDPE-A KIS 1 50 S Ak BF o
=111 LDPE-C % i ek SCA T AR
22 BZIHBEEN

5 LI g o T e - R BEAL B, (R TR R A
T2 5T A2 5 AR EBY (fh g, X ot
HRERMIAATESUE TR AW, Rk )15
i, M2 58 Z BRI AEBRAT . SR ZLA0
%50 M LDPE MR AL =R 2R K S R 5, 45
R 3, Kb =g o 21825 1000 ANk T
PR R . 4 PR LIEWIR B R i 206 2
HmERMBD, EHBREETERINBBEKERME.
LDPE-C WARMIRIE S B m. H—5, BOMmM
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BOAMAE, BRI, I g AT
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LDPE-D 5 LDPE-C # g #4AaU e 1 22 1) 32 B [
3 g
3.1 RZHBD FEEMIT BB RS20
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T W A A R IR T LR AT 9 B I
BT 73 TR IR e B 2. |
2(a)y XLPE RFE7E A2 It A% R B B[] (1) A2 48
Mk, Jemt 7 EIUIREGAER T XLPE IR IR AT

%3 LDPE 45§
Table 3 Chemical bond analysis of LDPE

" R
By
LDPE-A LDPE-B LDPE-C LDPE-D
A iy U 0.5125 04921 04499 0.543 8
i IR 0.0184  0.0193 0.0184 0.0185
K 205 3 0.018 4 00165 00134 0.0188
S 2k 0.0367  0.0317 0.0298 0.0435
PrAt 0.124 6 0.1113 01934  0.109 4
100 —a—LDPE-A
—e—LDPE-B
r —&—DPE-C
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Kl 1 LDPE #E e Moy

Fig.1 Thermal oxidative stability of LDPE

%4 LDPE W ki 5 41T

Table 4 Melting and crystallization parameters of LDPE

JRBNE AR SEAREEE Ak dEERY/

ks
- EC Qg /T dgh %
A 1079 7510 922 7378 261
B 107.6 7771 919 7769 271
LDPE
C 1084  83.63 925 8240  29.1
D 1083 7830 912 8058 281
A 1064 7467 925 7430 260
B 1064 7427 925 7395 259
XLPE
c 1074 7809 929 7714 272
D 1080 7406 915 7590 264

Mo MWEHFEH, 4 F XLPE WG AC AT Hy ith 42 B
HARRUES: PRI G HAE B Rk BIE(, BEE
BHEZE T 5, YRk 58 A Ik B S G Bl
JE W RB A AT, B B LR o 14514
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THTEAT, WA EPEHIE . S5RKRW, 7EH
S SHEFKE T, XLPE-A B A5 1)~F 1
A SAC O 2 B35 T oA 3 Mhaaorl, TR be
i ) 2 AT oAt 3 Pkl

P 2(b)s& XLPE i FE ) DSC #4#7 #h 2k, M



FARE, FUERE M L S RGOSR AR GO R SRR 1 S AL 851

HRT SR 2 AN, 4 R R () AR FA I 558
I S N (TG . AN DSC AZ IR i 28 o mT Wi 22
B, 4 Fp XLPE R AZ RS RT3 R fe AR I iR B2
27180 °C, H XLPE-A W JJE =2 BEUAAR 15 B IS,
SEW I LRSS OO B ) e ey, IX 5 5 A W T i 45
P ZE AR R
3.1.2 ERESRX AT R
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Ak, B 3 & 4 F LDPE B I5AC BERT G LA
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~0.030
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E
é 1.5H M v
= 35
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g 225 W
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Fig.2 Crosslinking behaviour of XLPE
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Fig.3 Infrared spectra of resin before/after crosslinking
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T, R AR R 200 b WU e 3 3 S| R R
BRI HS 5. Wik, 15RO iR+
Ky LIRmFEWI LGB, T DL SR M A B R, (H
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WG 2 5 22 RN 1) R ity £ 0 R R R (B
1 000 Mk i+ FH I & 80 0.013 5) 51 £ )@ JE AL 4]
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TR A P37 S 7 A e 3 K i T R AR
CH SR b, B Z AR SR T ML A
ACHRAL AL, RN BT RE K ) HH B A BRI BTk T DARE
WD (ER BRSO, A8 K T
TECFIAE R, HEmHEISS T AgR R A
FE AR AR o
32 BZEBED FEMITZBEMERIS M
32.1 RO 5 M

RO B SRS A, R
AL AR LB R G S . RS P A
RREG TERL T Z4ERPIRE e kiR, BERE T
PR FER B P SRS . (HASHRN 2% (1 2 2
i FHEEZBNZIRE], 2wk TR S R
MRS A o

= S HIH T XLPE R I AZ I I 25 S5 4 S 50
IR B B DN B i A TR AR P e v, T
SR AT RN = e 2 AP A R EiR
TR Z DR T I REPE, AL T 553 i B
gk J Py ERAZ I DM s FEL R D sk A A
WA R RS e A AR . (R, 3 FhFE Bl
15 XLPE MZS S5 M IMHERANE], #R7R T S BRS04
DR 28 Sl Ry A IR FE IR S 1, W] 4 B

XLPE-A A AR F ) B AE Bk (I B PR 4 45 )
E/RTE AN RS /N R AP ET VAL NN
i, DR 2 ol F A A A v (H e 2 b B0 48 /s
12 ST B AR, FAAE A P BN 2 . A X T
XLPE-C, XLPE-B ZZHAA RIGEMPERE S22, Ji K
TET XLPE-C AR R 4k 2258 Bk i A U3 Ae
W L e g, SERRRE T IGE I BRI T . TEAH
FidE ) R R G E T, ROIBWIREEE M)

# 5 XLPE ZEXMZE 45t S 40
Table 5 Crosslinked network characteristics of XLPE

Ff i *P-fif /(AN -m) MIEM/ % BERSUED HU%
XLPE-A 1.72 150 5475
XLPE-B 1.38 180 57.80
XLPE-C 1.30 90 60.78
XLPE-D 1.53 95 62.96
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Fig.4 Structural characteristics of XLPE crosslinked network
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Table 6 Gel chromatographic slice data of LDPE resin

. i EE/%

b 50000 30 000<Mu<200000  Mu>200 000
LDPE-A 36.80 34.85 2835
LDPE-B 40.15 35.81 24.03
LDPE-C 3529 35.54 29.17
LDPE-D 36.44 36.34 27.22
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Fig.6 Statistics of average molecular weight between

crosslinking points of XLPE samples
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Table 7 Calculation of long chain branch content of LDPE
e FFERE avw SRR F g EH A e Nucs

LDPE-A 1.17 0.41 10.09 0.76
LDPE-B 1.16 0.48 7.16 0.66
LDPE-C 1.20 0.41 10.22 0.73
LDPE-D 1.21 0.44 8.95 0.69

#* 8 LDPE WEILIIR TS LCB KESiH
Table 8 Statistics of coil size and LCB length for LDPE

e y* VM Nics/V AN THRTR
(Mur)
LDPE-A 1.082 1.25 9.33 8801.26
LDPE-B 1 1 7.16 9871.61
LDPE-C 1.15 1.34 8.92 9095.30
LDPE-D 1.13 1.24 7.95 9572.23
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