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Influence of the Melt Flow Index of Low-density Polyethylene on Its
Crosslinking Characteristics and the Performance of
Corresponding Crosslinked Polyethylene
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Abstract: The melt flow index (MFI) of low-density polyethylene (LDPE) significantly affects its
crosslinking characteristics and the properties of crosslinked polyethylene (XLPE). However, owing to
the difficulty in obtaining LDPE samples with gradient MFI values as the sole variable, the literature
lacks direct evidence regarding the influence of the MFI of LDPE on its crosslinking characteristics and
the performance of the resulting XLPE. Herein, based on five LDPE samples with gradient MFI values,
a series of LDPE/crosslinking agent compounds were prepared and crosslinked to obtain XLPE using a
rotorless rheometer and a flat-plate vulcanizing machine. The crosslinking characteristics of LDPE and
the structure-property relationships of the resulting XLPE were systematically investigated. The results
indicated that lowering the MFI of LDPE would lead to an extended scorch time (¢10), while showing
no significant effect on the curing time (f9). Both the crosslinking degree (D) and the average number
of crosslinking points per polymer chain (y) in XLPE monotonically decreased as the MFI of LDPE
increased. Mechanical property tests showed that both the tensile strength of XLPE and the resistance to
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creep monotonically enhanced with an increase in the D, of XLPE. Meanwhile, the melting temperature

of XLPE decreases with a reduction in the degree of crosslinking. This study established a mapping

relationship among the MFI of LDPE, the microstructural parameters of XLPE, and the macroscopic

performance of XLPE, providing a reference for rationally designing the MFI of LDPE and enhancing the

comprehensive performance of XLPE.

Keywords: Low-density polyethylene; Crosslinked polyethylene; Crosslinking degree; Melt flow index

SIR:TkaiRe, FIToR, 2Rl , SRR, 5k BN . IR LA R T BOnt HAZHRARF I S AR AT IR 045 R Pk RERE

=4 84k, doi: 10.14028/j.cnki.1003-3726.2026.26.061

Citation: Zhang, Y. C.; Luo, K. Q.; Li, X. P;; Dai, X. Y.; Zhang, Y. J. Influence of the melt flow index of low-density
polyethylene on its crosslinking characteristics and the performance of corresponding crosslinked polyethylene.
Polym. Bull. (in Chinese), doi: 10.14028/j.cnki.1003-3726.2026.26.061

LRI LI (XLPE) A5 HAL T R LR e
LGS RS SR A e e, RO R = R FL A
Y2 )2 AR R 207 (XLPE) 2 5 2,
¥ (PE) 737 S B 1) 5%~10%, 4EF={29 1001235 0P,
XLPE i A A SE Bk i B A AN e A8 B S5
L (B D)o i A 2B =4 XLPE 4615 B 15y
& T KR B A i, 8 e e A T ATk
Tiike HEEARTIER: A2 T CH
HHEE, SFHUCR O 5 EME, TECR ¥ H H
B, R A I B B = 4E R 25 K F XLPE!,
X P 45 MR T 7 XLPE H 25 A4 R S5 5 T 34 1
HURSE B J e < fE Y,

fIC % 2 58 £ ) (LDPE) &2 8 /= He L 45 40 20k
2o SRRk, 8 e R A A P RR A S B Y L
TATHR BAREEZ AT, SRS R & R
B PR R R PR K RS s P 48 K B ]
AJEERR R IBAT, @k AR R RS R AR
ERRIE S I Ty AR vERE . J12avhpe L2k fg . 3L
1, ZZ R 1 & LDPE 4% .0 M BE 48 bR, LDPEAZ
EREPEXT 8 R B 7 Wit R KR T2
SR E A B . LDPE JAfl$E 20 (MFI) &5

e NN hv

X2

XLPE
"GO M/\CM @2

Si(OMe),
1 EGAERER ZH5(XLPE) 35 TV g 424

Nv/\/\fvv

i) FL A8 T4 1 S AF S XLPE PE e I G R 25 I
ml R £ 1F v &AL LDPE 4 F & K/N I FR AR, B %
J W 7 LDPE 43 T4 (1) 28 45 5 1 A sh 1 P
LDPE /& /45 #06 XLPE A2 B 5 mn CL48 5 i
TR TR HS 32 %9F. Andersson 251
WF 9T T MRl 48 50 (A: 4.7 g/10min; B: 0.9 g/10min;
C: 0.3 g/10min; D: 0.1 g/10min; E: 1.8 g/10min; F:
0.3 g/10min) X} & % & 2 2,45 (LDPE) 22 B AT A 1)
oM BFFUR B, 7RIS F AR (DCP) K
2 wt% i, B A AR B T, B RS BRI
AEHRPE AR R R RS, XKW, LDPESREEL
X AT I R 45 435 W O T J L AT B 3 S0 Chen 25 1Y
9% T MDPE (0.55 g/10min). LLDPE (2.0 g/10min).
HDPE 8007 (7.5 g/10min). HDPE 8920 (20 g/10min)
4 FPAS A b T8 B R 203 (PE) B AR S AT N
W78 K I, A PE A i 4 sl i 5 00 B AIG, 56 5 %
S 15 55 AT TR PRI IR 5 440, A8 T 4 () A T B T v s
WA, 4 B4 BB (1 PE WG 78 28 B # vh %
Dl BRI i e i, LU s M A, I TR R
B A Lazar 5 UV DL 3 Fh AS 7] 14 fih 45 %% 1) LDPE
R FENT G, W TR Rl O 2 R AR (1 5

- ROOH N
—2 ROH
Si(OMe)
Si(OH),
XLPE :
Si(OH),

(1) H,0

Figure 1 Comparison of three industrial pathways for conventional cross-linked polyethylene (XLPE)
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Table 1 LDPE melt index and its crosslinking characteristics
data

Sample #;((s) 1f9o(s) Gel mass fraction (%) g (%) 7 b

X1-A 417 2933 85.8 14.2 1.93
X2-A 438  276.0 82.9 17.1 1.71
X3-A 445 2872 81.9 18.1 1.64
X4-A 460 2848 80.7 19.3 1.58
X5-A 483 2929 76.9 23.1 1.40
X1-B - - 83.7 16.3 1.76
X2-B - - 80.9 19.1 1.59
X3-B - - 78.8 21.2 1.48
X4-B - - 712 22.8 1.42
X5-B - - 72.3 27.7 1.24

%wg: weight percentage of soluble matter in XLPE; b: average number
of crosslinking points per polymer chain.
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Figure 2 (a) Torque-time curve of the rotorless rheometer; (b) Crosslinking process with different melt indices: LDPE scorch

time versus vulcanization time (rotorless rheometer); (¢) XLPE crosslinking degree and average crosslinking points per polymer

chain versus melt index (rotorless rheometer); (d) XLPE crosslinking degree and average crosslinking points per polymer chain

versus melt index (flat vulcanizer)
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Table 2 Mechanical property test data of LDPE and XLPE
(XLPE prepared by flat-plate vulcanization)

Sample Tensile strength (MPa)  Elongation at break (%)
LI 19.8+1.9 905+44
L2 18.2+1.3 965+55
L3 16.9+1.1 822+68
L4 16.4+1.3 932429
L5 14.4+1.4 809+81

X1-B 23.3£1.7 1133+60
X2-B 22.4+1.3 1032+65
X3-B 21.6+0.9 1009+£52
X4-B 20.9+0.7 900+101
X5-B 19.9+1.2 1106+41

g S5 T P, M2, XLPE fF e 5 5 /2 56 4
T Jig A Ik 77 5 1k E 55 S TR ] 2% 45 4 Bk TR 48 T )
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Figure 3 Preparation of XLPE via plate vulcanization: (a, b) Typical stress-strain curves of LDPE and XLPE; (c) Variation of
tensile strength of LDPE and XLPE with LDPE melt index; (d) Fitted curves of XLPE tensile strength with crosslinking degree
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Table 3 Melting and crystallization properties of LDPE and
XLPE (XLPE prepared by flat-plate vulcanization)

Sample  7,,(°C) AH,(J/g) T.(°C) AH.(/g) X.(%)
L1 109.6 57.2 96.7 50.2 19.5
L2 109.7 54.1 96.1 49.9 18.5
L3 109.2 59.7 96.2 46.3 20.4
L4 109.1 54.5 96.3 48.4 18.6
L5 109.1 55.2 98.1 46.9 18.8
X1-B 105.1 38.5 92.7 473 13.4
X2-B 104.9 41.7 93.2 51.9 14.5
X3-B 104.5 37.7 92.2 48.5 13.2
X4-B 104.4 38.0 91.1 45.8 13.2
X5-B 104.2 40.5 91.8 49.9 14.1
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Figure 5 Preparation of XLPE by plate vulcanization: (a) Melting curves of LDPE and XLPE; (b) Comparison of melting

temperatures between LDPE and corresponding XLPE



]

Eind 2026 4

27 4%~T%. IX F2 B2 R R 58 BRI B T B 1 46 2
W2 a7 Ko F Bz sh, BAMS T HAE 4 &
SRS AT HFHS S S, IS E R T4
i 6 35 FE 5 5 A R PO, X1-B~X5-B (44 fil i
£ Tt A2 B FEE ik /N T s A B AR (PRI 0.9 °C).
X AT REER A, J45 R AR Ak FF AR A AT R ) “ A 4
FEIE” B — e, AT AR R, AR B8/
5 ORL A R EO B B S A DG . AR REE
AR T BN 2 1 BL B2 20 R 55, (H B B AK 7+ =
FORLET 2 3 1) 45 o FE PR S R 5B el /N R B
RNRH, IXAE1F XLPE (1 )4 ml i B2 BE 22 5B B 9/
[T A T

X, = Ay 00% ()

AH

0
m

N, AH,, J H A 06 T AR R 23 T 4 0 506 ot it
VRS, AH,ARIR 100% 45 5 245 TEAT 1 00 b vHE s
Ko AH . PE [ PR 58 42 45 i 25 1 Bl ke B 293 J/g,
XLPE (¥ #8578 4 45 ah A1 Ak B 287 J/g.

3 g

A5 45 il i 05— A8 8 86 B A2 40 1) LDPE
RIERL, SR TR RAL SPAR BRI 2 Fhs ik
il % XLPE, RGu 7t HAC R4 [ XLPE 254 5
PERERI R R 45 F K B, LDPE B ¥4 fili 5 Font 2
Z R ME I XLPE J7 24 M 66 P A8 v R A
Be BT W, B35 LDPEARIE ST &, &
IOt i rp £ e I B] K,y XLPE #2441 1 8 22 4
PN L% 5 [FE, XLPE SRR P I REak TG
W B v A2 BBk A5 R (y) B LDPE % fi 48 %58 i (R
oy TR FEAR) T B Bl SRR, XLPE
{10 el 5 5 i A K P BRI T 99 55 38 = A K e A
T+ XLPE [ 47 41 55 F 3 715 Hi 28 Bk 00 2% 455 g ot 448
SR} ) SR RE AR AT F o At h SR
i 4% fih 75 % LDPE 3t b} il % () XLPE B A % 1 57
iis AR vERe, TR RS R ok, A PERE AT
7R, XLPE (1) Rl 2 B8 LDPE J4 sl fa 20t s
BEA o

T R G 70 LDPE 4 milFg 206t H A2 ks
J XLPE 45 4 5 M RE 520, #4E T “LDPE /4 i
i1 H —XLPE 52 B W 45 45 14 2 # —XLPE % WL 1% R
fabr” Z MBI G R . A RAMCAE B & T
LDPE ¥4 fliFs . i1k XLPE fhkH] & T &34t T
HHE SCEE AR AR, T 5 A e F i 4

GBS ETERER M ¥ 2%,

S5 3CH

1

10

11

12

TG, TR, BN, R, BMERE, S,
ol s L 8 ST B IR L0 8 2 Y R B A e 5 Rk A ) A
B E AL TAL IR, 2022, 42(11), 4247-4255.

Shapiro, A. J.; Brigandi, P. J.; Moubarak, M.; Sengupta,
S. S.; Epps, T. H. III. Cross-linked polyolefins:
opportunities for fostering circularity throughout the
materials lifecycle. ACS Appl. Polym. Mater., 2024,
6(19), 11859-11876.

Sahoo, R.; Karmakar, S. Impact of accelerated thermal
aging on electrical tree structure and physicochemical
characteristics of XLPE insulation. /EEE Trans.
Dielectr. Electr. Insul., 2024, 31(1), 429-438.

Pérez, C. J.; Vallés, E. M.; Failla, M. D. Modification
of model ethylene-butene copolymers using an organic
peroxide. Polymer, 2005, 46(3), 725-732.

Ahmad, H.; Rodrigue, D. Crosslinked polyethylene: A
review on the crosslinking techniques, manufacturing
methods, applications, and recycling. Polym. Eng. Sci.,
2022, 62(8), 2376-2401.

Ahmed, M.; Zhong, L. S.; Li, F.; Xu, N.; Gao, J. H.
Improving the DC dielectric properties of XLPE with
appropriate content of dicumyl peroxide for HVDC
cables insulation. Materials, 2022, 15(17), 5857.
Pourrahimi, A. M.; Pitois, C.; Abbasi, A. XLPE high
voltage insulation; A link between DC conductivity and
microstructure. Polym. Test., 2024, 131, 108330.
Nazrin, A.; Kuan, T. M.; Mansour, D. A.; Farade, R. A.;
Ariffin, A. M.; Abd Rahman, M. S.; Bin Abdul Wahab,
N. I. Innovative approaches for augmenting dielectric
properties in cross-linked polyethylene (XLPE): A
review. Heliyon, 2024, 10(15), e34737.

Li, J. C.; Si, Z. C.; Shang, K.; Wu, Y. F.; Feng, Y.; Wang, S.
H.; Li, S. T. Coupling effect of LDPE molecular chain
structure and additives on the rheological behaviors of
cable insulating materials. Polymers, 2023, 15(8), 1883.
Di, L. T.; Qin, C. Y.; Wang, W. Y.; Huang, A. P.; Wei, F.
Q.; Xu, H. F.; Yang, S. Y. Influence of crosslink density
on electrical performance and rheological properties of
crosslinked polyethylene. Polymers, 2024, 16(5), 676.
Feng, H. H.; Chen, X.; Gu, X. P; Feng, L. F.; Wang,
D. F.; Yang, G. X.; Gao, Y. X.; Zhang, C. L.; Hu, G.
H. Modeling of the molecular weight distribution and
short chain branching distribution of linear low-density
polyethylene from a pilot scale gas phase polymerization
process. Chem. Eng. Sci., 2022, 261, 117952.

KB, Bhe, WTE, KiFE, T BiaRED



(IS TEEF

B LI A7 R P BO0T HSS IR S AR IRE A HR B 0 RO P RE R il 9

15

16

17

18

19

20

21

22

23

REAL:  H HEE A S AR
36(10), 1237-1247.

Andersson, L. H. U.; Hjertberg, T. The effect of different
structure parameters on the crosslinking behaviour and
network performance of LDPE. Polymer, 2006, 47(1),
200-210.

Chen, X. L.; Huang, Q. G. Model simulation and
rheological research on crosslinking behavior of
polyethylene resin. Gels, 2023, 10(1), 35.

Lazar, M.; Kleinova, A.; Fiedlerova, A.; Janigova, 1.;

B FiddR, 2023,

Borsig, E. Role of minority structures and mechanism
of peroxide crosslinking of polyethylene. J. Polym. Sci.
Part A Polym. Chem., 2004, 42(3), 675—688.
Doerpinghaus, P. J.; Baird, D. G. Separating the effects
of sparse long-chain branching on rheology from those
due to molecular weight in polyethylenes. J. Rheol.,
2003, 47(3), 717-736.

Dietrich, M. L. C.; Brandolin, A
Asteasuain, M. Modeling low-density polyethylene

Sarmoria,

(LDPE) production in tubular reactors: connecting
polymerization conditions with polymer microstructure
and rheological behavior. Macromol. React. Eng., 2022,
16(4), 2200003.

Shida, R. N.; Cancio, L. V. Correlation of low density
polyethylene rheological measurements, with optical and
processing properties. Polym. Eng. Sci., 1977, 17(11),
769-774.

Ferg, E. E.; Bolo, L. L. A correlation between the
variable melt flow index and the molecular mass
distribution of virgin and recycled polypropylene used in
the manufacturing of battery cases. Polym. Test., 2013,
32(8), 1452—-1459.

Mauri, M.; Peterson, A.; Senol, A.; Elamin, K.; Gitsas,
A.; Hjertberg, T.; Matic, A.; Gkourmpis, T.; Prieto, O.;
Miiller, C. Byproduct-free curing of a highly insulating
polyethylene copolymer blend: an alternative to
peroxide crosslinking. J. Mater. Chem. C, 2018, 6(42),
11292-11302.

Deng, J. X; Bai, R. X.; Zhao, J.; Liu, G. Q.; Zhang, Z. M.;
You, W.; Yu, W.; Yan, X. Z. Insights into the correlation
of cross-linking modes with mechanical properties for
dynamic polymeric networks. Angew. Chem. Int. Ed.,
2023, 62(37), €202309058.

Zhang, X. H.; Yang, H. M.; Song, Y. H.; Zheng, Q.
Rheological behaviors of randomly crosslinked low
density polyethylene and its gel network. Polymer,
2012, 53(14), 3035-3042.

e, A, BN, R, TR, TREE, JURIE.
VNN B B B0 M IR 4 M v e FRL B A bR
RERCI . & 49 F A A5 5 142, 2023, 39(2), 58-65.

24

25

26

27

28

29

30

31

32

33

34

Wang, Z. Y.; Jiang, B.; Zhang, Y. H.; Li, X. F.; Wang,
Y. P;; Shang, Y. S.; Zhang, H. B. Influence of crosslink
density on thermal, mechanical and dielectric properties
of cross-linked fluorinated poly(aryl ether)s. Eur. Polym.
J., 2022, 172, 111244,

Zhang, X. H.; Yang, H. M.; Song, Y. H.; Zheng, Q.
Influence of crosslinking on physical properties of low
density polyethylene. Chin. J. Polym. Sci., 2012, 30(6),
837-844.

AnZlovar, A.; Mihelgi¢, M.; Svab, 1.; Pahovnik, D.;
Zagar, E. Dynamic crosslinking of LDPE by nitroxide
radical coupling of a dicyclopentadiene dicarboxylic
acid and its dynamic properties. Polymers, 2025, 17(11),
1536.

Rajawasam, C. W. H.; Dodo, O. J.; Weerasinghe, M.
A. S. N.; Raji, I. O.; Wanasinghe, S. V.; Konkolewicz,
D.; de Alwis Watuthanthrige, N. Educational series:
characterizing crosslinked polymer networks. Polym.
Chem., 2024, 15(4), 219-247.

Wang, K.; Yang, J. M.; Zhao, X. D.; Yang, X.; Zhang,
C. C.; Wang, X.; Zhao, H. Synergistic enhancement of
thermal-oxidative stability and DC electrical properties
in impact polypropylene copolymer via maleimide-
functionalized antioxidant grafting. Polym. Degrad.
Stab., 2025, 241, 111610.

Ye, Y. N.; Cui, K. P.; Hong, W.; Li, X. Y.; Yu, C. T
Hourdet, D.; Nakajima, T.; Kurokawa, T.; Gong, J. P.
Molecular mechanism of abnormally large nonsoftening
deformation in a tough hydrogel. Proc. Natl. Acad. Sci. U.
S. 4.,2021, 118(14), e2014694118.

Qu, J. F; Wang, S. H.; Li, S. T.; Liu, H. J.; Wu, Y. F.; Du, L.
W.; Wang, Z. J.; Guo, L. Q. The enhanced physical
properties of XLPE insulation for high voltage cable
based on LDPE/LLDPE or LDPE/HDPE blends. Polym.
Degrad. Stab., 2023, 218, 110573.

Popli, R.; Mandelkern, L. Influence of structural and
morphological factors on the mechanical properties of
the polyethylenes. J. Polym. Sci. Part B Polym. Phys.,
1987, 25(3), 441-483.

Nugay, N.; Tinger, T. A study on blends of low and
high density polyethylenes: effect of mixing time
on mechanical, thermal properties and oxidative
degradation. Eur: Polym. J., 1994, 30(4), 473-477.

Li, K.; Li, Z. W.; Liu, J.; Wen, S. P;; Liu, L.; Zhang,
L. Q. Designing the cross-linked network to tailor the
mechanical fracture of elastomeric polymer materials.
Polymer, 2022, 252, 124931.

Poongavalappil, S.; Svoboda, P.; Theravalappil, R.;
Svobodova, D.; Vasek, V.; Jantanasakulwong, K.;
Ougizawa, T. Cross-linking kinetics study and high



]

Eind 2026 4

35

36

temperature mechanical properties of ethylene-octene
copolymer (EOC)/dicumylperoxide (DCP) system. Eur:
Polym. J., 2011, 47(10), 1949-1955.

Hubbard, A. M.; Ren, Y. X.; Picu, C. R.; Sarvestani, A.;
Konkolewicz, D.; Roy, A. K.; Varshney, V.; Nepal, D.
Creep mechanics of epoxy vitrimer materials. ACS Appl.
Polym. Mater., 2022, 4(6), 4254-4263.

Paajanen, A.; Vaari, J.; Verho, T. Crystallization of cross-

linked polyethylene by molecular dynamics simulation.

37

38

Polymer, 2019, 171, 80-86.

Valdez, S.; Qiang, Z. Understanding non-isothermal
crystallization behaviors of polyethylene-derived
vitrimers. Macromolecules, 2025, 58(17), 9348-9357.
Niu, Y. H.; Liang, W. B.; Zhang, Y. L.; Chen, X. L,;
Lai, S. Y.; Li, G. X.; Wang, D. J. Crosslinking kinetics
of polyethylene with small amount of peroxide and its
influence on the subsequent crystallization behaviors.
Chinese J. Polym. Sci., 2016, 34(9), 1117-1128.



