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Abstract: In this study, the gas-composition and ignition characteristics of thermal runaway
fires in full-sized electric-vehicle lithium-ion battery systems are investigated. A full-sized
electric-vehicle fire-test platform is built, and a gas collection device is designed. The toxic gas
composition and ignition characteristics are measured using Fourier transform infrared spectroscopy
and an explosion-limit test instrument. The gas release process during an electric vehicle fire
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is analyzed, and the gas release in the battery compartment is divided into four stages
according to the thermal runaway characteristics. The gas-composition characteristics in these
four stages are analyzed. In the first stage, electrolyte vapor is primarily released, whereas in
the second stage, hydrogen is mainly released. A large amount of sulfur dioxide gas is
released in the third stage, with the concentration reaching 10906.4 ppm, and the mechanism
of sulfur dioxide generation is analyzed. Hydrogen cyanide gas is produced in the early stages
of combustion in a cockpit, with a maximum concentration of 120.4 ppm. The main sources of
various toxic gases in the cockpit are analyzed. The explosion limits of the gases in the battery
compartment in different stages are measured. The explosion limits of the gases released
from the battery compartment range from 4.83% to 73.77%. The explosion hazards calculated
for each stage indicate that the second stage of thermal runaway in the battery compartment
has the highest explosion hazard. The analysis of variations in explosion characteristics of the
gas mixture released from the battery compartment suggests that the inert gas content mainly
affects the lower explosion limit of the mixtures, whereas hydrogen content mainly affects the
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upper explosion limit of the mixture.
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Fig. 1 Schematic diagram of gas acquisition and analysis system
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Fig. 3 Toxic gas concentration-time graph in
battery compartment

Fig.4 Carbon monoxide and carbon dioxide
concentration distribution in the battery compartment
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Fig. 5 Toxic gas concentration in cockpit-time graph

e K
= L

N
o

-
[é)]
T

SRR %
3

o

0 3'5 46 45 56 55 6‘0 6‘5 7'0 7'5 8‘0 85
I} 6] /min
E6 Zipfehm—S ik, —SHRKRE-BEE
Fig. 6 Carbon monoxide, carbon dioxide

concentration-time graph in the cockpit

FRTLUEH, AR TE 26 min B A AR EALE. R
WA AMRIRSE DA 0, X 1 B LI H i e o
A O AR g A 1k, T B 5 % B 37 min
W B P AL S BALE B A AR
Bt 7 100 ppm, X3 B G ) SR O 2 Bl
N IIARHA R o FE B SRR R RT =B B,
BN R FHE. ARSI EAR
AR, FAEIKETE DY 830~1400 ppm (&]5),
— A IR FE T 610~810 ppm, AL Sk
JE1E 108~203 ppm. 7E 5 —Fr B H I T FAL SR
A, WEN120.4 ppm, XA HER BT BAG
JER 8 1) 2R B R B R B AE AR 1) iR AR R R
AR B SN T R UR, R AL
H
R—N==0+ R—OH —* R—lll—"—O—R'
o]

)

FERRR I PIIN S SRR S N A e 4, Ja
Be= AN BOS AR LS SRR U 2B Ae A T
PN B I T A A, A E T AR A SR
AR, BT AR E R T EORIE T

WA R AL BELRA TR ) e it 2, A B BT L
Ei, AR Y BRIA AR AL S AR R IR
JE T HIB A R AL AR . SR N R A
WK 9 14%~30.2%, — AR IE N 2.9%~
9.5%, FERMRHIZE =AFr B, — S — ik
T B2 I T WA, E W IR AR A 2 S S il
Ao BEMTBCEREN KRS BB IUE T
B, DU ATRY) D BOEFEE . ARIE IR R
By 5 AT B ARG MR IE, 0 & R AR
FRVE I Hr R 3 Fros
R3 AENIBMRBERISER S 2
Table 3 Analysis of Gas Components Released from
Automotive Interior Materials

i TR S PR R AR
co,. co A BRI RRY
HCN WL REAR

HCI RALIGEETNED
BEMD SR
ER e BRI

2.4 IR SEBIERHE

o HL i A AS [ o B R A AR AT R A e 1
W, MR B R IER R . RIE R IR 4 R .
MR AT LLE e, AN [F]EHA R H v A o A PR
AR, BARHIRIE N IR A 4.83%, Hm IR LE
FRRIA R 73.77%, SCORMENEE JIRYE 8 0.514~
0.732 MPa. g M s v m] DA g O s b
AR

UEL - LEL

BH="TEL 3

A, UEL N URBRRE ERR: LEL SRR
PRIE NI EH NERIE R
x4 HEIRERMRSEREFERE
Table 4 Characteristic data of gas explosion in
electric vehicle battery compartment
W BRMETRIR/% BIE RE% BEERYE BRI J1/MPa

Bt 1 18.09 37.28 1.06 0.732
M2 4.83 73.77 14.27 0.626
BB 3 31.60 57.60 0.82 0.514
B4 40.20 59.24 0.47 —

THERRRRREER IR 4 PR, AR
HRTUUE Y, AR SR AR S R T S B e
IJE /N S, RS R BUR K B 3
BEAEfERTETRIR BT, B3] T 14.27, XULHIE —



%7 WRER s, IR A BT I R G AR SR T SRR P 2261
BB LA AR F R P AR < o0
A R IR G, Hbis e ¥
TR, IR AR 5 % 205 g5
FIRAERSTE DL S B 26 IR R M PR T L Z o
3F Le Chatelier A 7t 5« =
100 £ 20
ELiw = — (4) r
" V, 4o
2EL = —re
S, ELy, IRE R RIBIERIR, EL a4l R A P ol

IEVRIERR ;. VoS A IR 8. T A
TEIESENTREY, BFERIR T LRS-

100 (37 4)
EI-mix = ELmix,f x (5)

1W+Eme1?¢

X, o MBS 5. (G EH T
THEE A BT R PELE FIR . 0T i,
HHAT IR, E ARG ARV (DR IR — e BRIR
T PR BRIR CHEERSE) ke, AR, HIRIER
PREE IR 5 B, MRAFETLLEH, LRIk
FIERIE T BRTE 1.4%~4.9%. HE4E AR (@4), % T4
AR, HOBRIE N IR T &N H 0 R MERR R 2
B, 251 3. 4B BRI AR IE NI i T % 4l
%@%WW,E%%@DﬁW¢AﬁﬁimFT*

e, WEA. RS T e AR S
XHREPIIRIE N BRI, TuﬁﬁAﬁUH&n
SEEAE PR, JURSARRRE R IR ZEA K,
AR SR SR A AR E, Rt e] DA A
FRA RS BIBRVEW IR N 2.58%~18.0%. R4 2>
X(4), FRKREEESESET, BESEBET
FRAR b 7 B, AR RT AR, 1B TSR T
ARERIE T RIS ER, IR BRI R BR XS B
IEE SRR T ORI N TT%, FEEH T
TR AT RS A D, X I Bt AR A A KRR

BRS, PR AR S A

=5 HMBNATRSERIGEERREIE"

Table 5 Explosion limit data of flammable gases in

battery packs"”

Ak PEIET IR % 1RIE L IRI%

i 4.0 75.6

F ki 4.9 16.0
BRI — iR 3.1 20.5
TRIR — 2.1 1.4 11.0
T 20 g 3.6 16.1

E7 IEMSEITEBESERE TR
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