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Microstructural Evolution of Uniaxially Stretched Polypropylene Films and Its Effect on
Electrical Properties

WANG Xinjie, HUANG Lei, SONG Yanhui, WANG Jiantao, ZHONG Shaolong, DANG Zhimin

(State Key Laboratory of Power System Operation and Control, Department of Electrical Engineering,
Tsinghua University, Beijing 100084, China)

Abstract: Polypropylene (PP), a semi-crystalline polymer widely used in film capacitors, has a crystalline structure that
influences the electrical properties of the material, leading to variations in the energy storage performance of capacitors.
Controlling the crystalline structure of PP to better regulate the electrical properties of PP films is key to enhancing the
energy storage characteristics of capacitors. In this study, a series of uniaxially stretched polypropylene films with varying
thicknesses were prepared. The differences in their crystalline morphology were characterized using polarizing microsco-
py, atomic force microscopy, two-dimensional X-ray scattering, and differential scanning calorimetry. Subsequent
investigations were conducted on the trap parameters, DC breakdown strength, dielectric properties, and energy storage
characteristics of the oriented PP films. The results indicate that thinner PP films not only improve the surface roughness
of the films but also facilitate the formation of highly oriented shish-kebab fibrous crystalline structures. The highly ori-
ented crystalline structure helps to optimize the trap distribution within the material, thereby promoting the dissipation of
charges on the film’s surface and enhancing the insulating performance of the material.
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Fig.1 POM and AFM morphology of PP films
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Table 1 Surface roughness of PP film

e FIPHEERE Ro/nm HITARAIBEEE Ry/nm
PP-40 45.7 56.1
PP-30 38.0 46.9
PP-20 25.2 31.8
PP-10 12.7 16.2
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Fig.2 2D-XRD diffraction pattern of PP films
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Fig.4 Crystallization and melting curves of PP films
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Table 2 Crystalline parameters of PP films

KA JEBNRE Tn/C ZidIE Te/C S EE Xe /%

PP-40 166.8 120.7 48.69
PP-30 167.6 120.9 47.81
PP-20 166.8 119.2 48.29
PP-10 167.5 120.5 47.56
10

—~  8F<07

' £ 06

_g ‘% 0.5F

b g 04F

% 6f 2o03F

] = 02F

2 [ ®oaf

= =

% 4-= 7

=

'E_me

B GeV
B 5 PP IR S5

Fig.5 Trap parameters of PP films
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Fig.6 Weibull distribution of DC breakdown strength
of PP films
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Fig.8 Discharge energy density of PP films
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