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Figure 4 (a) SEM images of a cellulose separator containing 5% (wt) titania"* ; (b) TEM images of nanofibers in a PI-SiO,
electrospun separators'; (¢) TEM images of PU+0. 3% GO electrospun separators'™ ; (d-f) TEM. cross-section,

longitudinal section SEM images of PAN/20% (wt) polymer-derived ceramic composite nanofiber separators™™
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(b) Process and mechanism diagram for the fabrication of ZrO,-coated PP separators"™; (c¢) Preparation of

Nano-Si0, /PVA coated PP composite separator~ ; (d) Preparation and Mechanism of Al, O,-CGS"*
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Figure 7 (a) shutting-down process of PP/PE/PP membrane'®’; (b) Schematic illustration showing the preparation
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(¢) Schematic illustration of the manufacturing of the CPC separator®*; (d) PBI/PE/PEI Membrane manufacturing

method and shutdown schematic™®; (e) PET/PVDF diaphragm structure diagram""!
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Figure 8 (a) Schematic representation of the coaxial fiber separator shutdown concept for Li-ion batteries * ;
(b) Silica nanoparticle layer in two commercial polymer separators; (¢) Schematic showing the mechanism for the

extended battery life using PP/SiO, /PP separator*!
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Figure 9 (a) Schematic figure of the self-healing process of the LIB. ; (b) The capacity retention of the self-healing

aqueous LIB with increasing bending cycles at a bending angle of 60°. CO and C correspond to the specific capacity

before and after bending, respectively™” ; (¢) Ionic conductivities of liquid electrolyte, PAEKNW-SPE and PEO

solid state polymer electrolyte at temperatures from 20~70°C ; (d) Preparation procedure of the nonflammable electrolyte

system; (e) Molecular structure of the 3D interpenetrating polymer network. -
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Progress in the Research of Advanced Membrane Materials in
Lithium-Ion Batteries

XU Zhui-jun'?, PAN Jie-miao'”*, CHEN Liang'”*, CHENG Ya-jun'"
(1. Ningbo Institute of Materials Technology and Engineering s Chinese Academy of Sciences, Ningbo 315201, China ;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: As lithium-ion batteries are increasingly used as power sources in electric vehicles, the demand for high-
performance lithium-ion batteries is growing. High-performance separators, which serve as an important component in
lithium-ion batteries, are also attracting more and more attention. Over the past few years, for improving the energy
density, safety, and long-term use of lithium-ion batteries, researchers have developed different methods to design and
synthesize advanced membrane materials with high porosity, high electrolytes-affinity, high rate capacity, thermal
stability, electrochemical stability and other functional properties. In this review. the latest developments of advanced
separators in lithium-ion batteries have been summarized, and an outlook for the future development is presented.

Key words: Lithium-ion batteries; Polymers; Separators; High-performance

10. 14028/j. cnki. 1003-3726. 2020. 12. 009





