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Effects of pore structure regulation on performance and application of polyethylene separators for lithium batteries
XUE Bing', CHEN Yan’, LI Shuai’, LIU Qinghua'
(1. School of Nuclear Science and Technology, University of Science and Technology of China, Hefei 230011, China;
2. Hefei Gotion High-Tech Power Energy Co., Ltd., Hefei 230011, China)

Abstract : Polyethylene (PE) separators are critical insulating materials of lithium-ion batteries, but their inherent porous struc-
tural defects can easily lead to the difficulty in achieving a coordinated match between ion transport, mechanical safety and high-
temperature stability, resulting in issues such as high internal resistance, poor interfacial stability and uneven long-cycle perfor-
mance. To address the trade-off between multiple performances of polyolefin separators, a ultra-high molecular weight PE-based
membrane with differentiated pore structures was prepared by adjusting the wet-process biaxial stretching and thermal setting
process. Combined with a composite coating technology of Al,O,/polyvinylidene fluoride, a modified separator with a thickness of
12 wm was fabricated to investigate the effect of pore parameters on separator and battery performance. The results show that opti-
mized pore structure can significantly reduce ion transport resistance, decrease air permeability of separator from 204.83 s/100 mL
to 73.53 s/100 mL, while the ionic conductivity increases to 1.55 mS/cm. Porosity is a key factor in reducing internal resistance of
battery, while pore size regulation has a relatively minor effect on optimizing internal resistance. Although the high-porosity, large-
pore structure slightly reduces mechanical performance, the separator's minimum puncture strength can reach 4.32 N, meeting
battery safety standards. The composite coating effectively improves thermal stability, with the separator's thermal shrinkage at
130 °C below 1.5%. Separators with small pores exhibit excellent high-temperature storage performance, with a 7-day capacity reten-
tion of 98.26% at 55 °C. Separators with large pores show better long-cycle performance, with a capacity retention of 92.19% after 1
200 cycles. This study clarifies the trade-off mechanism of pore structure performance in separator and provides a reference for the
optimized design of high-performance lithium battery separators.
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Tab.1 Parameters of different separators
Sample Porosity/% Average pore size/ W(PE)/% Melting tempera- Tensile tempera- Heat setting ratio Heat setting temper-
nm ture/°C ture/°C ature/°C
A 36 35.6 20 220 110—120 1.5 135
B 42 36.6 18 205 110—-118 1.5 135
C 53 37.9 15 200 108115 1.5 136
D 53 424 16 200 109-116 1.5 135
E 53 54.4 18 205 110—-118 1.7 135
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Tab.2 Ionic conductivity of different separators

mS/cm
Samples composition A B C D E
PE 0.62 0.69 1.07 1.19 1.32
PE/ALO, 0.64 0.72 1.15 1.26 1.43

PE/AL,O,/PVDF 0.69 0.75 1.23 1.43 1.55
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