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Fig. 1 Schematic diagram of laser Raman spectroscopy gas

detection technology
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Table 1 Experimental battery parameters

IEBRPEL A (mAh)  BUERENY IRV FEREY

LCO 2200 3.6 2.65 42

NCM 2600 3.635 2.5 4.2
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Fig. 4 Schematic diagram of experimental device
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Fig. 5 Temperature, voltage and pressure curves under different

experimental conditions
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Table 2 Experimental data of lithium ion battery under various experimental conditions
T,/ T,/C AP/MPa —_ Tud C
TERA R
75%SOC  1009%SOC 75%SOC  1009%SOC 75%SOC  1009%SOC 75%SOC  1009%SOC 75%SOC  100%SOC
LCO 189.03 164.77 266.43 233.82 0.0386 0.1418 77.9 300.03 561.65 569.24
NCM 186.24 162.59 264.95 232.98 0.0515 0.1656 85.69 321.26 699.95 588.3
R®3 EETHBARKESESHER
Table 3 Analysis results of thermal runaway gas of lithium ion battery
Lo NIRBUMEU% O, BT 8% HEBU80% CO KB U % COMARII /% CH B0 %
B 75%SOC 100%SOC  75%SOC 100%SOC 75%SOC 100%SOC 75%SOC 100%SOC 75%SOC 100%SOC 75%SOC 100%SOC
LCO 67.89 54.54 14.31 11.26 5.92 4.86 5.30 3.58 11.95 3.44 8.14
NCM 59.75 39.89 14.57 4.71 5.66 11.56 5.21 7.25 4.21 22.02 9.31 14.57

15 T LCO Hi, M, i B 7 B0 2R 4258 Ik A | 1) S 1 26
B %, H, H, FEORIE T 26457 R An 3 & I
(PVDF) 7€ = ik & St A A v B 81 & A N s 1Y
P

_CHZ_CFZ +Li— LiIF+—C =CF—+ OSHZ

(3)

CO I f 4 55 A A S CO, A S B iy A ™
DMC +2Li* +2¢~ — CH;0Li + CO (4)
EC +2Li* +2e~ — CH,OLi + CO (5)
DEC +2Li* +2¢” — CH;CH,OLi +CO (6)
2CO, +2Li* +2e” —> Li,CO; + CO (7)

SEI " (137 Fa5E 543, 41 ROCO,Li £ 90~120 °C
0 I, BT CO,o LA, AR fR IR RS RIARE 2
A= 1 €O,

ROCO,Li —s ROLi + CO, (8)

Electrolyte + O, — H,0+CO, (9)
YRS PR 32 FE  SET B9 43 fife S ri A 5 B

e IR Y Li B0 A AP

EC+2Li* +2¢~ — Li,CO; + C,H, (10)

DMC +2Li* +2e” + H, — Li,CO; + CH, (11)

(CH20C02L1)2 — leCOg +C2H4 +C02 +O.502 ( 12 )
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Rapid detection analysis method of thermal runaway gas composition and
risk of lithium ion battery
ZHANG Qingsong’, LIU Tiantian, HAO Chaolong, QU Yirun, ZHANG Wei, CHEN Da
(Key Laboratory of Civil Aviation Thermal Hazards Prevention and Emergency Response, Civil Aviation University of China, Tianjin 300300, China)

Abstract: In order to quickly analyze the composition and risk of thermal runaway gas in lithium ion batteries,
an analysis method based on laser Raman spectroscopy and the empirical formula is proposed. Using the
independently designed gas detection platform of the lithium ion battery, the composition and explosion risk of
runaway gas released by a 18650 lithium ion battery with different charge states (75%,100%) and different cathode
materials (LCO,NCM) were studied. According to the experimental findings, the NCM battery releases more
flammable gas following thermal runaway than the LCO battery under the same state of charge (SOC). After thermal
runaway, the proportion of CO in the container of NCM battery with 100% SOC is as high as 22.02%. With the
increase of SOC, the amount of combustible gas generated by the thermal runaway of lithium ion batteries increases.
Under different experimental conditions, the gas after the thermal runaway of the lithium-ion battery still had a high
explosion risk. The findings demonstrate the viability of using laser Raman spectroscopy to identify lithium-ion
battery thermal runaway gas, and they offer a theoretical foundation and technical backing for the quick identification
and evaluation of the composition of thermal runaway gas and explosion danger.

Keywords: lithium ion battery; thermal runaway; Raman spectroscopy; gas detection; explosion limit
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