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Abstract: In order to evaluate the risk of deflagration in high temperature environments caused
by NCM lithium-ion battery vent gas (BVG) after thermal runaway, the explosion characteristics
and laminar burning velocity of BVG at different initial temperature 6, (25~120 °C) were tested
using an 8 L explosive chamber and a Bunsen burner. At the same time, the influence
mechanisms of laminar burning velocity (S,) at room temperature and high temperatures were
further analyzed by CHEMKIN numerical simulations. The results show that the LFL doesn’ t
change significantly with the increase of the initial temperature, and UFL increases. When 6,
increases to 120 °C, p,., decreases from 0. 62 MPa to 0. 45 MPa, and the relationship with 6, is
exponential. Affected by both positive and negative effects, (dp/d¢) .. decreases to different
degrees with the increase of 6#,; LOC decreases exponentially from 7.39% to 7.03%; S,
increases with the increase of 6,. It is also found that C,H, and H, are the decisive factors
affecting the combustion and explosion damage degree of BVG. The research results can provide
a reference for the risk assessment and prevention of environmental deflagration caused by
thermal runaway in NCM lithium-ion batteries.
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Table 1 Fire and explosion accidents caused by thermal runaway of lithium-ion batteries
Frs ] Fl A e
1 201043 H 17 iPod Nano ¥ AR # A i #ulg &, H A P il e A
2 201144 A L B0 AL AR K, T TN TS B AR 2
3 20134F 10 H 6 FIFE TR Model SBTRETR TR 2 2k PRl AR A P R B L 1 R
4 201544 H RS A AR e AR R K, R BMS i e 5 B 2 B Tt i 5
5 20174E10 H RS AE K, B A TS VR I S L T AR K
6 20194F4 14>2 MW HIRHRE R GE A A1 | 5 [ A S8R M R Tt A B e )
7 202144 H R AR RE R G A R IR AR R e PP PN i R )
8 202346 H BRI A B AR WA 9% i B0 S K il A7 32 S P b LB L P b 1 R

3 [E b5 UL 9540A—2019 L 5E , A B 15 ik
A FL Y 19 22 4, L PP LA B 430 A8 b AR T
A BRI R T AR R AT K AET. Wang
SESER LA T LARKEZR R T 3 AN R 25 A
) NCM F1 LiFePO, (LFP ) £ 5 7yt Hh AR 2 B ik
SR KR FNEEKEREVE BRI 0 R ) |
TR FRAE [A] B X 2 TR b i B R AT
TEEAIL, I LT T I 4 R S F T Y
PGB . Baird 55 (i FHEEAL UL 7 i 0P Al T 41
B F R RO B RS , AR A R
BEL AR KE 00 2 iR A ok B A5 b rlL L P S
A2 13 A FLAR S R At 2 8O0 L B - L Tt B
F AR KSR B . N BB E LE , LATERT
R EBEE P R T BRI a7 B RS SE
SO RS L P B AR R R E R 52
M) 5 R R B T F A IS 2R N R AE R IR 2
R eI [ I PR AR AR AR RS AT AR AR
A ST 8 SO P D G R i S e P RE o =
AR R R AR T R R R A BN

R B FE S o R, B A A R
THL 221 T A2 B A (R, A0 SRR S T HL i &
AR A R BRI FIR & R B
KR BRI AR R A R TR A
A, R Ak R G A B R 5
IR Hp ST B 2 B 1k T T R 45 S
RABIRF AT BERS Iz — .

ZE I AR SC LA NCM B8 3 1 F v 44 2 B
BT XF G, WG AR AN IR 5% R 1Y

KABE R XERR I, A0 55 M KA PR KK TR T R T
T A R BR A RE R AR UL LA
NCM # #  H, 78 3 3R g di 25 PR T e 1540
L) S AR AR 8 A e B S A LA 5 ),
PEUERATTH 53T T BVG BAbe Rl KE 152 il
HLT . BIFSE4SSE R o il RE 2R G0 MR Bl 42 1 v e
Wz e R St TR 5 2%

1 SEIGHES

K A5 IR TN R WK AL 2 6 43 1)
NCM £ 55 - it A6 A 7] 58 F RS (SOC) ' B ik
RISy, 45 5 R AN R 2 R B - i B R
2 B A SR B R AR B3 RS [
B, AR FH B — 28 gl P 4 R ) AR Ak
IR MBI T, oA SRR B s 1 . AR
UL 9540A—2019"7, ] LA 3 {47 Be <Y 7 20k
Tl 2 L S R AR A R TR A AR, IR DA
EAT MR HE S5 . Koch 481 R FH A AH £4 3 (GC-
WLD ) AT 28 AR 135 - KA 25 Akl (GC-
FID) 345 28] TR AR P B R S o
AR A A 514 NCM = o4 B 1 L Tt 34
RSB R B85 ALy O H e, 9 & B CO,,
CO,H,,CH,,C,H,,C,H,, C,H, A WA 5 1
F b AR 9 7 AR A, L R —
FREE I n] DIAR e B s 1 el b A 3 B 1) AR
. P, 2 FE BT 45 S 003 3k 5 A, AR 3¢
K H Koch %5915 21 (14 BVG 19 %4320 B A A



80

AR FFR(A RAFR)

% 46 %

BUMAE A R BFIE AR . LR AR
SRR 2, FO i F CH I CH B R R BOR
S 1%, BUZME AT, 9805 R IE A B i 77
—fhgb.

2 NCMEEFRMBVGHAIAHH
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Fig.2 Test system of laminar burning velocity
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Fig. 3 Laminar burning velocity of pure methane
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Fig. 12 Laminar burning velocity of BVG at different

initial temperatures
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Fig. 13 Numerical analysis on the explosion
mechanism of binary fuel blends
(a)—25°C; (b)—120 °C.
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