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Comparative study on performance of thermoplastic polyethylene-based
cable insulating mateirals with domestic and imported base materials
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Abstract: Polyethylene-based non-crosslinked cable insulation materials have better electrical and mechanical properties,
simpler processing, lower energy consumption than XLPE, and can recycle, which are one of the most promising new
environmentally friendly cable insulation materials. In this paper, LLDPE/HDPE blending insulating materials with different
ratios were prepared using domestically produced base materials, and their electrical, mechanical, rheological, and thermal
and oxygen aging resistance properties were tested and compared with the blending materials prepared by imported base
materials. The results show that both the domestic and imported blending materials have the best electrical properties and
mechanical properties when the mass ratio of LLDPE and HDPE is 7:3. The electrical properties of the domestic blending
materials are similar to those of the imported blending materials at the optimal ratio, but the tensile strength is lower. There
is a significant difference between domestic and imported blending materials in thermal and oxygen ageing resistance.
Through the molecular weight and its distribution test, infrared spectroscopy analysis, it is found that the branching degree
of domestic LLDPE is similar to that of imported LLDPE, but its molecular weight distribution range is wider and there is
an obvious long-tailed distribution in the direction of low molecules, which may be one of the reasons for the lower tensile
strength and antioxidant properties of domestic blending materials.
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Table 1 Parameters of domestic and imported base materials
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Fig.1 Variation of tensile strength and elongation at break of

blending materials with HDPE content
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Fig.2 Variation of volume resistivity and electric strength of

blending materials with HDPE content
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Fig.3 DSC crystallisation curves of domestic and
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Table 2  Crystallisation and melting parameters of domestic

and imported 70L-30H blending materials

FE i e AH /(J/g) X /%
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Table 3 Comparison on electrical properties of domestic and

imported 70L-30H blending materials
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Fig.5 Weibull distribution of electric strength for domestic
and imported 70L-30H blending materials
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Fig.6  Stress-strain curves of domestic and

imported 70L-30H blending materials
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Table 4 Comparison on mechanical properties of domestic

and imported 70L-30H blending materials

715k RE [ 70L-30H k1 70L-30H
VA5 /MPa 351.14 449.71
FLAH 3 /M Pa 23.68 31.22
JiE IR % /M Pa 14.14 16.72
W7 LA 2 /% 846.38 828.68
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Fig.7 Variation of storage modulus for domestic and

imported 70L-30H blending materials
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Table 5 Melt index of domestic and imported base resins and

blending materials

Akt SRR 44/(g/10min)
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Fig.8 Viscosity versus shear rate of domestic and imported

70L-30H blending materials at different temperatures

REWFFEARE BIUNE R IR R T4
e AR MESHILEER R . ik
SLIR A B AR P BRI 22 S U B R 1 3R R A
BHES T4 o1& ERAZE.

225 PUHEZERE

W XLPE FL 48 40 2% bR 4 B 8 78 135°C 2%
PR AT I A A SE IS, (B R O A AR A LR
PR R4 Rl B 7E 127°C BT, (R T 135°C, IR AR
SCIEFEAE 125°CHHAT g 2 s . B9 N E =,
i3E 1 70L-30H TR A RHARE &8 UL 4 B8 2 4 R £ )



42 HHH R

2024,57(9)

KGO . W 9T LA, PI AR R BT i 2
IS T80 0 58 T i n R S JE L A [ 7 70L-30H LR A4
BHE 120 R I J5 8 H BLER 38 €, BT A A 17 7™
ZAH.

E9o [E/=.# 0 70L-30H H£EMRHA A
HILETEIREE

Fig.9 Change in colour of specimens of domestic and

imported 70L-30H blending materials with ageing time
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Fig.10 Variation of carbonyl index for domestic and imported

70L-30H blending materials with ageing time
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Table 6 Oxidation induction period of domestic and imported

matrix resins and blending materials
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Fig.11 Molecular weight and distribution curves of domestic
and imported LLDPE and HDPE resins
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Table 7 Molecular weight of different grades of base

materials and its distribution analysis results
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Fig.12 Infrared spectra of domestic and
imported LLDPE resin
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Table 8 Infrared spectral analysis results

#OLLDPE

WA 7 LLDPE #11 LLDPE
C=C#t 0.058 0.076
C=0#k 0.61 0.72
AL 47.51 45.45

Bt M, /(x10* g/mol) M /(x10* g/mol) PDI
7= LLDPE 20.93 7.42 2.82
3 H LLDPE 12.48 4.50 2.77
E7* HDPE 10.98 2.44 451
i# 1 HDPE 9.59 1.63 5.89
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2 019 e AL T S (95 B K TR CS,, o D 5

SR TR A AP (2D Fr

A S 00y — 1.5 % 107
N — 1378cm 2019cm (2)
’ 5.56 x 10°

(2, N, R 1000 Mk E BT & A 1S8R
P F LLDPE ¥ JIi ¥ 3 46 B2 25 R an k8 it~ » A\
F P A LU MR LLDPE M4 JIE ) 52 4k BE AR
FA, B R LA R IR TR B R, R 206
FE A5 I 2w AS ] 38 G b 23 7F K 4> T Bl AN

32 ERSoTEMHMUNEHRTEEMRMERN
A
— kUL, FEAE [R5 & SRR, o T RN, 2
TR, = B 4 PR =Y. [ P HDPE
F= 53 T HDPE #Hix , {H [E /= LLDPE ~¥- 3% 4> 1
=1 34 O LLDPE, v] DUA N IX 2 S EUFE AL EE T
] = S VR A ) 225 s R W AR 1) B SR A
B 45 df B 2 A0 RS FE R B 1) 4 T B A AT
A DAEAS R B A R R AR ag . AR 4 1] DL
F T #EE D 700-30H FRIR AR, [F 72 70L-30H
JLVRMRH R BRI . X AT g BT P LL-
DPE 7 F & /- MG B 5, 0 TR KA ZE R TR
B, 45 AR B TEARIE o)
SR I A P R A 52 B R 3L oy A A

1 3 Fm



44 LR

2024,57(9)

XL R . — ORI, J SRR R D , SF 35 T
K, KR 2 B, = R R B YR R
KB, AR S F (% [ 7= AR 1 LLDPE (1) 32 A6 FE A
T, 2T A0 1 IR TG VR i R AE SCRE 1K e, TR Uk
AR e 38 s S A B X6 A ARk PR 9 A AR 1 3 AT A 43 AT
{H [ 7= LLDPE 43 -2 73 45 6 BBl 58 %8, e 5l & /N o 1
T3 FAFAE B B4 R, X 2 5 3 P R M EMIK BT 1)
ORI B FE /N IR IR 2 — o SRA A 11(a) AT LA
&, [B 7 LLDPE [ 43 i #th ¢ 2 06 56 /N T3k 1 LL-
DPE, iX 1] G /2 5 £ [E 7= 70L-30H L 1R A4 k| 26 FE B
B R BN AR I R R 22—
33 BRSNS TFEMNEREMBAREEHMEEERN

A

Ko T E R O IR A A S
MZE 6 7T LA i, [H 7= 13 1 HDPE /) 3t A AL BE
#3275 T AR N (¥ LLDPE. 61, [ % LLDPE #
HDPE () % k. 5 5 ] #6 i ik T 3 17 LLDPE #
HDPE. %} %4 [® 7* LLDPE ] & 1k i 5 L f
9 min, 1M [E 7# 70L-30H FL VR B4k} A AL 17 3 1 AL
4 12 min, i {% T E 7 HDPE , A] W, [H 77 3L 98 A4k} 1)
EAb 5 5 35 52 LLDPE 3K B A5 (1 520

PR OEWIET S, RS E 7R KR
N J B4R AN LR R R R BT o A S R
AN E SN EERZ. #HiR LR, mEYD
S A FE FOAS L0 B A S AF X TR T
O AE AR A S B

[ Mgk ) LLDPE #E 3 A0 B A BUR 28R,
M & 7% LLDPE (1) A~ 1 F1 8 & & 08 Ik F #F 1 LL-
DPE, {H i385 5k, i3 O LR M R AL 15 =
5z KT P IR A RL, LA RE i T 3
BAT R 2 JEA, [E P2 LLDPE 431 8 4 i Vo [ 5
B, EAREZRSTES T, WK T RO
oy FIRNEEE , AR5 TEM B8, B T4k
PIPTIEARE JT o (R, ] 7= R VR A ) i) 5 0 &
i JE B WA T3k 1 R IRRE ) 3 U50  7E [E E
TG 5E B DX AR AR 7 LA T3 CORE . AT 4
X, AR T e B IX P 7 R 5 A

FyAh, B S A [ PR b e B T
BECRIZEF o X R B ARECT 3 CORPRL, [ 7= 41 k)
FEIE RCIRES T IR TR, AR 5 T8, Btk
200°C I A AT S AT A

4 ZEip

A SCIEEL T B Py 4 = 1 LLDPEHDPE % 44
P RE S SR s i L VRV ) 46 T ARSI R O R IR
ML A A RL, B AL T I P SRR AR R B LR A
KB RE 2 = 1 2ILL R 45k -

(D5 E O IR RAE [, B 7= SR A BHE LL-
DPE.HDPE Jfi & Lty 7: 3 I R B0 etk A e S 1
5715 %R .

(2)#k 1 5 [# 7 70L-30H 18 A4 8 1 B A0 fig
FHAL S A 5 A5 R DR B AE 107 B 4, AR FR L BHL R A
10" Q- m &, THHSFEELE 100 kV/mm L F.

(3) [ 77 Ak 11 70L-30H 5 V8 44 R i W 224 K
2R 0 Jeft A 5 E AH O, {EL [ 7 70L-30H FLVR A4 R $iz
5 4 23.68 MPa, (% T3 [1 70L-30H LV A4 K} 1)
$r 58 F 31.22 MPa.

(4) [ 7= Hpb A S VR A B 1) P A 1 R AR T
E 1 [E 277 &, o] e 5 [ = F1gE T LLDPE 43+ & 43
AAHFEA 5% . [E 77 LLDPE 43 i 1 282 06 55 56 %5 , {5
PDI{E 5 /&, 1ff AEAR 7 A BE MK EINE, 7
FE 40 A 6 LA . 9% T3k 0 LLDPE, 4 74 1 K 48
AN — PR NI .
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