% 59% %7 30-40
2026 47 H 20 H

M EL

Insulating Materials

Vol.59, No.7: 30-40
Jul 20, 2026

DOI:10.16790/j.cnki.1009-9239.im.2026.07.004

FE 2SS TM215:TQ325

B %7 5 MMT 1 [E] 2 4 X 28 R e 1 W 45 #) A0
TR T4 RE RV LM A 53

ﬁﬂ &ﬂ'_l’ %E Xkl*’ r% %1’29 '%‘?iﬂl

(1. EmIELKRS A THESFR, BdE XF  723001;
2. B EME KM L AFRANE, BE &M 713508)

T OEONSCEREE PPN i ERE , A SCGE T W) PP R R HP A I AS [R5 B BT B A TS 9K S B (MMT) LA
AT =05 A &R B-MMT-PP, J-HF 78 — 35 1 W IR/ F 6F PP 40 25 ) S A HLPE RR IR SZ A . SR T XS 2R 477 SR AX
(XRD) \ Z 7R A E AL (DSC) i 6 2 ABE « L 75 ik 72 (PEAD B 5 B 37 % B 9 o 2 V0 3k 5 7 B K 2501 )5 1) PP A
BRHIEAT AL . 45 R &5 B AT S MMT BV INAT A RS0 PP IO 454, 24 B k%770 5 MMIT (%53 42 43 48053 3
H0.5% Fl 1.0% B, 5 4 14 Za v B i 75 45 58 1 45 5 JBE 508 R A, 43 1) 9 84.01% A 55.4% . BE % B U 7 5 MMT (¥ 7%
T, PP 2 B) HE A v N BB 37 0 5 o 5 SR B B I 4R Tt S B 23 i TIA 19.73 kKV/mm AT 94.99 kV/mm. & ¥ B %
TR S o dt L] B ity 2L PR B AR AN AL R 50 5 AT 5 2 b 2SSt AR B A L B

X BRIE BTG (PP 5 A% 5 S2 1 (OMMT) 5 I [R] 25k 5 A rL R i s O 45 44

Study on effect of synergistic modification by #-nucleating agent and MMT
on microstructure and dielectric properties of polypropylene

He Yan', Li Huan', Nan Meng'?, Hui Zhuobin'

(1. School of Electrical Engineering, Shaanxi University of Technology, Hanzhong 723001, China;
2. Shaanxi Binchang Dafosi Mining Co., Ltd., Xianyang 713508, China)

Abstract: To improve the dielectric properties of polypropylene (PP), different mass fractions of f-nucleating agent and
nano-montmorillonite (MMT) were added into a PP matrix in this paper to construct various ternary composite systems f
-MMT-PP, and the synergistic effect of the two on the microstructure and dielectric properties of PP was investigated. The
modified PP materials were characterized by means of X-ray diffractometry (XRD), differential scanning calorimetry (DSC),
polarizing optical microscopy, pulsed electro-acoustic (PEA) method, conduction current, and DC breakdown tests. The
results indicate that the addition of an appropriate amount of f-nucleating agent and MMT can effectively improve the
microstructure of PP. When the mass fractions of f-nucleating agent and MMT are 0.5% and 1.0%, the f-crystal content and
crystallinity in the composite system reach their peak values of 84.01% and 55.4%, respectively. With the addition of S
-nucleating agent and MMT, both the space charge injection threshold field strength and the breakdown strength of PP are
improved, reaching maximum values of 19.73 kV/mm and 94.99 kV/mm, respectively. An appropriate amount of f
-nucleating agent can induce the transformation from a-crystal form to f-crystal form and refine the spherulites, thereby
better improving the dielectric properties of the material.

Key words: polypropylene(PP); f-nucleating agent; montmorillonite(MMT); synergistic modification; dielectric properties;

microstructure
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By s-MMT, -PP 0.5 1.0
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Fig.1 XRD spectra of pure PP and different

composite samples
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.. T VA B B fops
W K% K%
a(110)  a(040) (130) A(300)

4 pp 13272 16498 9303 0 100.00 0
MMT, -PP 13887 16723 9374 0  100.00 0
B,~MMT, -PP 3257 5210 3615 47425 2031 79.69
B,+MMT, -PP 3315 4526 3446 59275 1599 84.01

1.0

B,,"MMT, -PP 1055 1767 1324 17714 1897 81.03
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Fig.2 DSC curves of pure PP and different composite samples
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Fig.4 POM images of pure PP and different
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composite samples
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