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Design and performance of polypropylene-based cable insulation materials
containing a bimodal distribution of elastomers

ZHAN Yunpeng', HOU Shuai', CAO Yajie', FU Mingli', LI Yanfei’, FAN Lingmeng’
(1. Electric Power Research Institute, China Southern Power Grid, Guangzhou 510663, China;
2. China Southern Power Grid Company Limited, Guangzhou 510663, China)

Abstract: This study aims to prepare high-performance polypropylene (PP) insulation materials and investigate the
enhancement mechanism of their properties. By combining in-reactor alloying and blending modification technologies, PP
insulation materials with elastomer mass fractions of 20% to 30% for high-voltage cables were prepared. The interfacial
compatibility between the elastomer and PP matrix and its impact on the performance of the PP insulation material were
studied. The results show that the propylene-based elastomer can effectively improve the interfacial compatibility between
elastomers and PP matrix, thereby reducing interfacial defects. The "bimodal" particle size distribution design of elastomers
successfully balances the dual effects of the elastomer on mechanical toughness and electrical strength of PP insulaton
materials, realizing the synergistic improvement in mechanical toughness, electric strength, and thermal stability,
demonstrating excellent overall performance. Moreover, the prepared PP cable material possesses good processing
adaptability.

Key words: polypropylene; intrinsic elastomers; blending modification; mechanical properties; electrical properties
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Table 1 The physical property parameters of raw materials
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Table 2 The component of polypropylene insulation

materials with different elastomer content
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Fig. 1 Mechanical properties of polypropylene insulation
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materials with different elastomer content

L1 W 2 e K 26 TR KT 500% , $iz 0% 7R K
T 17 MPa. BRI NS M EA4F H B AR ER A
e i e I 2t AR oy T B H 46 A s A o R P HE DA
L, G AEAN IR R = AR R G, 3 T 3 A kL5
FEFNN J7 A, 1 25 i A = 0 K 2 3 BOpRHE 82 bR
o H Y B BN R AR AR I G . S RAT LR,
PP 268 2 M4 k1) 25 il A5 58 300 MPa L% A i& . PP-
17 ESCPHE A o D Bl 28 o 20 0 25 A e 2 oy, 0%
BV AN B B B SR PP-27 B0t R o 14 7 2 0 AR,
S, AH 25 A SR I, A7 7E R 78 PR B A A2 I )

B2 JE 7R T S [R]  AA  BEAE  ( A8 IAE AR
& Weibull 70 #ii Bl R HGi it 45 9. W2 T LLE H,
DAk 2 BE 28 0N 63.2% I IR RFAIE L 400 FE A7 &, P A
RIVFE 2 7 A 2, #007 T 30~32 kV/
mm. A PP-1 ECPERE it A, H <008 R o A SR TR i
A R 110 1 T B AR B X DR DR S TR L
RS B B BE UG, 5 BOM R AR I i SR T
B, H AR SCR AT 30K 0 o 500 30 A (20%
~30%) ¥ T H B, DL ASE RE AR S (10 PP R I O 32
M, YRR T BRI S5 B L AT R I M SR
A BT R AR ) R T A N BN IR . B
IR, FEM 122 BFRIR R B R B, 7T g2
TAE PP-1 I8 0 30% Joit 5 43 B 1) S e A4 J5 , AR
PR T S B A ST . 3 A ST AT RE A
W X 8, 3 8 o 27 AR M N . TR T
(1) P& ARG 38 05 T R 5 A RLTE A1 F 3% 4E TR 1 L Ao
EAfR e i 2, WA G RAE T . ik, RE 3

TRSAAE R A0S IS Fi o B K 52 W B0 S (B AE S
L K 73 A A 2 ANAR T 554 th 2 R WA R i
dr R E .

99} = 1-1: p=41 E;=32.1kV/mm
e [-2: =25 E,=31.8kV/mm
90F 4 2-1: f=39 E£,=30.8kV/mm
v 2-2: f=39 E,=30.4kV/mm
632F = mmmmmm e A A
=
=
&
#
10F
28 30 32 34
22 It LS5 /(K V/mm)
(a) 22T i % Weibull 23 A1
40 60
[ A R S
[ IBRAF
’g 30t
S 440
4
= N
a =
r N
?j 420
£ 10F
0 0
1-1 1-2 2-1 22
F
OENEES

2 FREEMHSENRNZRESEE
Fig. 2 The AC electric strength of samples with

different elastomer content
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Table 3 The thermal elongation properties of samples with

different elastomer content
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Table 4 The component of polypropylene insulation

materials compounded with different PP-based resins
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Fig.3 Mechanical properties of polypropylene insulation

materials compounded with different PP-based resins
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Fig.4 Weibull distribution of AC breakdown and statistical

results for insulation materials with different PP-based resin

K5 [ PP ER AR S B A LA LAY AL (R 14 B2
Table 5 Thermal elongation performance of insulation

materials with different PP-based resins

Fean WHIRKE PR fiEiKE RKABERE
5 /em K /em /% 1%
3-1 2.00 2.28 15.0 14.0
3-2 2.00 2.24 13.0 12.0
3-3 2.00 2.10 5.5 5.0
3-4 2.00 2.06 4.0 3.0
3-5 2.00 2.04 2.0 2.0
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Table 5 Grain size of sample 3-3 and the compounded

matrix resins

FE i T 20/(°) U T8 rad L/mm

33 (110) 14.2 0.63 12.1
PP-1* (110) 14.2 0.62 12.2
pp-2* (110) 14.2 0.63 12.1
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Fig.9 Rheological test results and variation in die-exit

expansion rate during extrusion process of sample 3-3
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