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Fig. 1 SEM images of the different separators

A. Functional separator; B. Functional separator after
heat treatment; C. PP separator; D. PP separator after

heat treatment
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Fig. 2 AC impedance plots of samples (inset is partial en-
larged detail)
a. Functional separator; b. Functional separator after
heat treatment; c. PP separator; d. PP separator after

heat treatment
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Fig. 3 Rate performance of samples
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Fig. 4 Cycle performance of samples at 1.0C rate
a. Battery of functional separator; b. Battery of PP

separator
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A. Battery of functional separator; B. Battery of PP separator
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Fig. 5 External short-circuiting tests of batteries

A. Battery of functional separator; B. Battery of
functional separator, tested; C. Battery of PP separa-
tor; D. Battery of PP separator, tested
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Fig. 6 The on-line monitoring data during short-circuiting tests of batteries
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Fig. 7 Crushing tests of batteries

A. Battery of functional separator; B. Battery of
functional separator, tested; C. Battery of PP separa-
tor; D. Battery of PP separator, tested

A. Temperature ; B. Current; C. Voltage
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Fig. 8 Overcharging tests of batteries
A. Battery of functional separator; B. Battery of func
tional separator, tested; C. Battery of PP separator;
D. Battery of PP separator, tested
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Fig. 9 The on-line temperature and voltage date measured during overcharging tests A. Temperature; B. Voltage
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Fig. 10 Disassembly photos of the battery with functional
separator after overcharging tests
A. Core; B. Cathode; C. Anode; D. Separator
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Fig. 11 SEM image of the functional separator after over-

charging test
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Characterization of the Separator with
Thermal-Shutdown Layer for Use in Lithium Batteries

BAI Li', HUAI Yong-jian", Al Xin-ping?, JIA Hai'
(1. China Aviation Lithium Baitery Co., Lid., Luoyang 471003, Henan, China;
2. Department of Chemistry, Wuhan University, Wuhan 430072, Hubei, China)

Abstract: In this paper, the lithium ion battery coated with the thermal-shutdown functional layer has been introduced. The
shutdown temperature of the separator could be decreased by using the melting point of thermal-shutdown functional layer. When
the internal battery environment reached a critical temperature, the functional layer melted and coated the anode/separator with a
non-conductive barrier, halting Li-ion transport and shutting down the cell permanently. The results showed that the functional layer
did not affect the resistance, rate performance and cycle life. It was found the functional layer can significantly improve the safety of

the battery when misused.

Key words: separator; shutdown temperature; lithium battery; safety
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