Journal of Electrochemistry

Volume 16 | Issue 2

2010-05-28

Failure Reaction Mechanism of Internal Short-Circuit for Lithium-
ion Batteries

He LI
Shen-jun YU
Zhi-kui CHEN

Guang-chuan LIANG

Recommended Citation

He LI, Shen-jun YU, Zhi-kui CHEN, Guang-chuan LIANG. Failure Reaction Mechanism of Internal Short-
Circuit for Lithium-ion Batteries[J]. Journal of Electrochemistry, 2010, 16(2): Article 13.

DOI: 10.61558/2993-074X.3341

Available at: https://jelectrochem.xmu.edu.cn/journal/vol16/iss2/13

This Article is brought to you for free and open access by Journal of Electrochemistry. It has been accepted for
inclusion in Journal of Electrochemistry by an authorized editor of Journal of Electrochemistry.


https://jelectrochem.xmu.edu.cn/journal
https://jelectrochem.xmu.edu.cn/journal/vol16
https://jelectrochem.xmu.edu.cn/journal/vol16/iss2
https://jelectrochem.xmu.edu.cn/journal/vol16/iss2/13

16 2 Vol.16 No.2
2010 5 ELECTROCHEMISTRY May 2010
£ 10063471 ( 2010) 02-0185-07
1% 1 1 2
(1. 300384; 2. 300130)
DSC.GC/MS  XRD
Li, 5 CoO,
. Li, 5Co0,
0,. CO,
SEI
TM912.9 LA
0.1 mm-s”' 50 mV
1
o 1.3
6-8
: DSC200PC
( NETZSCH )
/ /
25 ~300 °C 5 K- min "'
N, 20 mL+min~"; /
1 6890N /5973 inter
11 ( GCMS) ( AGILENT )
463446 GS-GASPRO (30 m x0.32
. mm i.d. x0.25 pm) 250 C
. LiCoO, ( ) .PVDF 30 C (3 min) 260 C(25
( Polyvinylidene Fluoride) (96: 2: 2 by | e '
min~ 5 min) 1.8 mL -
mass) ( ) .PVDF 1
min - I pL 20: 1;
(94: 4: 2 by mass) 1.0 mol - D/max2550 X XRD
L~ LiPF,/ EC + EMC + DEC(1: 1: 1 by Vol. max (XRD) (
) ) Cu K, 40 kV
' 40 mA 5° ~80° 4° . min~"
1.2 )
( )
1. (a) 2.1
(b) (c) (d).
120100121 120100325 * Tel: (8622) 83716995 E-mail; Lihe9701@ 126. com

(09JCYBJC07200)



+ 186 -

2010
\ 300 | Internal short-circuit
a
P 240t
~
b g 180 Explosion
s
£ 120
"
60
0 20 40 60 80 100 120 140
1 s
2
Fig. 1 Schematic diagram of the battery impact testing ma—
“hine for simulating internal short-circuit in cell
chne fot simua H?é " en'ld ® or' Tementm ce Fig.2  Relationship between the external temperature and
a. motor; b. locating device; c. impact head; experimental time in the internal short-circuit test
d. battery base e .
of lithium ion batteries
2.2
C ) . _ .
3 LiCoO, . Li, sCoO,
2 Li, sCo0O, DSC
LiCoO,
300 C
Li, sCoO, 170 C
; Li, sCo0O,
. Liy Co0, GC/MS
; 1.
4 ( )
100 C
; 150°C
1 (%)
Tab.1 Relative percentage content of gas products in the reaction of simple cathode with electrolyte
at different temperatures
External temp /°C Air + CO + N, CO, CH, = CH, CH,—CH = CH, CH,—CH,F
100 59.3 40. 66 0.04
150 45.17 53.41 0.71 0.22 0.48
180 0.8 91.7 5.1 0.2 1.7
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Fig.3 DSC curves of three cathode materials
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Fig. 5 XRD patterns of the simple cathode after heating

treatment at different temperatures
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Tab.2 Relative percentage content of the gas products in reaction of simple anode with electrolyte at different temperatures

1/C Air+CO+N, CH, CH,—CH, €O, CH,—=CH, CH,—CH=CH, CH,—CH,F CH,—CH,—CH=CH,
100 99.44  0.24 0.32

150  34.02  0.84 1.77 49.2 10.23 3.4 0.2 0.16

180 71.2 0.47 0.77 21.39 4.4 1.6 0.17

230 87.69 0.17 0.42 7.69 2.21

1.02 0.09
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Tab.3 Thermodynamic and dynamic parameters of various reactions in the batteries
Temperature Exothermicquantity / Activation energy/ Pre-exponential
Reaction
range/ °C J e mol ™ kJ - mol ™' factor/s ™'
Decomposition of SEI 100 1.5 x10* 2.85x10° 7.88 x 10
Li C, /Solvent 110 ~260 0.6 x10° 2.0x10° 1.95 x10*
Li C,/PVDF 250 ~350 1.0x10° 1.67 x10° 1.79 x 10"
Decomposition of Li, CoO, 170 0.8x10° 3.5x10° 7.25 x10¥
0, /Solvent 170 ~ 240 1.43 x10°
Decomposition of Solvent 120 ~280 1.5 x10* 2.74 x 10° 5.14 x 10¥
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Variations of the external temperature of batteries

with experimental time ( from 65 s to 85 s)
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Failure Reaction Mechanism of Internal Short-Circuit for
Lithium-on Batteries

LI He'" YU Shengun' CHEN Zhikui' LIANG Guang-chuan’
(1. Tianjin Lishen Baitery Joint-Stock CO. LTD Tianjin 300384 China;
2. Hebei University of Technology Tianjin 300130 China)

Abstract: In this work the battery impact testing machine has been used to study the failure progress of inter—
nal short-circuit ( ISC) for lithium ion batteries. The reaction mechanisms between cathode/anode and electrolyte
in the battery at different temperatures were characterized by differential scanning calorimetry ( DSC) gas chro—
matography /mass spectrometry ( GC/MS) and X-ray diffraction ( XRD) . The experimental results show that the
ISC failure of the battery was mainly due to the reaction between cathode Li, ;Co0, and electrolyte. The decompo—
sition and oxygen evolution reactions of cathode occurred when the temperature reached a certain value. At the
same time a fierce oxidation reaction occurred between oxygen and electrolyte giving out a large quantity of CO,
gas and breaking aluminum can thus causing the battery exploded. And the decomposition of SEI film and the
initial reaction between anode and electrolyte were mainly to accumulating heat for the reaction between cathode
and electrolyte.
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