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batteries under various overcharge currents

ZHANG Yanni"?, ZHANG Yuchen', YANG Hua’, HUANG Luoxin',
ZHANG Pengcheng', MI Xinyi', LI Jiawei'

(1. College of Safety Science and Engineering, Xi’ an University of Science and Technology, Xi” an 710054, China;
2. Xi’ an Key Laboratory of Urban Public Safety and Fire Rescue, Xi’ an 710054, China;
3. College of Electrical and Control Engineering, Xi” an University of Science and Technology, Xi’ an 710054, China)

Abstract: To explore the thermal runaway hazard of overcharging in large-capacity ternary lithium-ion
batteries, 117 Ah and 153 Ah batteries were studied. Experiments were performed on a large-capacity
lithium-ion battery thermal runaway test platform at overcharge currents of 30,45 and 60 A. A compre-

hensive assessment of the thermal runaway hazard was performed using the AHP —entropy weight meth-
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od based on multiple characteristic parameters. The results indicate that: The thermal runaway process
of the 117 Ah battery is characterized by four distinct stages. The venting process is not experienced by
the 153 Ah battery due to the direct rupture of its casing. The thermal runaway trigger time for both
battery types is markedly shortened with increasing overcharge current. For the 117 Ah battery, key
hazard parameters including peak temperature, total gas production, and flammable gas content increase
with higher current, demonstrating a clear current dependence. In contrast, an opposite trend is shown
by the 153 Ah battery, due to differences in its internal structure and reaction time. The main compo-
nents of the gases released by thermal runaway are identified as CO, CO,, and H,. The relative content
of these gases is influenced by the combined effects of the current and the pressure release method of
the battery. The thermal runaway hazard of the 117 Ah battery increases significantly with higher cur-
rent. Conversely, a higher hazard is presented by the 153 Ah battery under low current conditions due
to prolonged overcharge time. An increased capacity is found to notably reduce the safe current thresh-
old of the battery. These findings provide a reference for establishing a differentiated safety system that
considers the relationship between battery capacity and current.

Key words: large-capacity ternary lithium-ion batleries; overcharging; thermal runaway characteristics;

hazard assessment; AHP-entropy weight method
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Fig.2  Locations of temperature measurement points
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Table 3 Gas production from battery thermal runaway

i 117 Ah 153 Ah
PIRCRAES

30A 45A 60A 30A 45A 60 A
e/l 15205 162.7 165.4 213.8 193.5 185.2

2.4.2 AhAy

A 3 A2 B A P s g A I ) A
YLA3HEATAIHT , FEH A KT 10 000 x 10 [y
PO R, PR B AR LR 4

T4 HRREFESEHITKE
Table 4 Absolute concentration of main

gases in thermal runaway x107°

R CO, Co H, CH, CH,

30 A 168 057 103849 86463 10589 9299
117 Ah 45 A 155152 132805 102638 10988 9232
60 A 146 363 140938 113898 11414 9765
30 A 140192 143 022 94368 27319 16 489
153 Ah 45 A 131866 129698 96863 260066 15 896
60 A 120052 109 445 104 967 27 201 15 543

2 Fief AR L R HER Ay 2R CO
CO, .H, .CH, 1 C,H,, H:H €O .CO, H, 3 Fhi ik
o %ot v S g, H493K %] T 100 000 x 10 ~° 451, CH,
Je C,H, B2 00k BE 1) 3%, 7E 6 4k g CH, 11
Ve ETE 10 000 ~ 28 000 x 10, C, H, fiY ¥ Jif 7&
9200 ~ 17 000 x 10 ~°,

S L LB Rl e R 117 Ab 5
153 Ah BRAE 5 FppA R 45 = B SRR EE 22 5, 8%
R IR TR L BRE 138 5 AU
XA A b, anE 10 FrRs

Bifi o FEHL IR K, CO, LU 7E 2 et 2y
Fre MR, X R AXE R EGIAT
TR ZU ) H AR B A i N S R R
#ar CO, & BRAR RN, S ECH ] M. H,
LA ) 5 0k 7 B 9 S R A O, X R TR
A EE I (5 A SR AR, L 9 YR ) R R O A T
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O 5 T 117 Ah B, RS0 22 S i ] 1
2 7 L T 4 LA A L RORS 4570 LA BT A )

Co, ) 3 ) ,
v H, [H, I H,
2R e 25.12% CICH, 34.72% |2 CH.
g | GH, 37.77% o GH 27.16% ——y
b 3231% e
(a)117 Ah=30 A (b)117 Ah-45 A (¢)117 Ah=60 A
[1COo, I1Co, 4.01% 1Co,
6419 B0 | a1 i CICO | 723% oo =1co
P CJH, : CH, CH,
ey 32.91% CcHy 31.83% ICH,
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Fig. 10  Relative content percentage of major gases of thermal runaway
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Table 5 Key characteristic parameters of thermal runaway

2.5 HRKERR T
KA = o it PR AR A7 R B K, FE

SRARTH AR 1 B AR R R A XU H Y ) FR R 0 4 T T';:;‘ U V’f: Cr
PG EZZM NI, - 2ROk 2 i 30 A 1125.3 4;4.3 42/5 15/2.5 55/.(7;8
R e . L, 2 TR1 117 Ah 55 153 Ah 17 Ah 45A 1111 665.7 471  162.7 62.23
—ou i AR S PR IR T 2 S 60 A 107.1 886.2  4.93  165.4  65.28
I, VEH T 5 A SRR AE SR, IF o Bt A K 30A  110.1 820.3  4.68  213.8  66.68
B E TS AT, MR R G L% TR 153 Ah 45A 104  751.7  4.70  193.5  67.07

60 A 106.7 727.2  4.75  185.2  68.17

et TR, RS HILE S, XTS5 4K
FROUES U B I 32 A AE DLR 25 o« JA K 45 fih
i 2 A S L el oA R ) BACRS S A 5 PR 4 M (RO
ABWE Pk PR 425 1 Ji) ZU A 5 W s i e i A v
HREH AR bR 22—, A S W rE Tl P R AT R STCXL
B, H T 2 ol Al s A 42 5 R v U P TR 22 S it
R, PRI e P26 = s ol T AR5 7 A A A R AR
(CO.H, CH, .C,H,) &5 AEHE S Wi i AR 42X
A I 149 A R TS FIORS N B3R i T

H T AR AE S 8O T B AT A, I
R/ — B EAG AL TR, 75 BB AL «,

X; =X min
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X max _‘xi,min

Kb o R TR BB % i s 7390 0 TR I
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BB 1L fioR . 117 Ah ot b6 5 3 78 i 3 e
K, PN W (TR 5 390 r TR W S T g, TR
SRS W] I, MR SR A D R
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AR AR (R BE PR AR St i i
FUFHSC, 35 90 o5 FUE 15 2o 5 AL O 8 TE AH G, AR
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Fig. 11 Radar chart of battery thermal runaway hazard
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GESEI P, RSt BB, AR WFTORE 2 ROk &
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iz AHP 58 57 4 W I, 15 31 %% 2 B0 AL
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Table 6 Judgment matrix of Analytic Hierarchy Process

ik T T o U, Vis Cay ANEAE
Ty 1 0.4 0.545 0.75 0.462 0.1134
T 2.5 1 1.364 1.875 1.154 0.2830
U, 1.833  0.733 1 1.375 0.846  0.207 5
Vg 1.333  0.533 0.727 1 0.615 0.1509
Cappn 2.167 0.867 1.182 1.625 1 0.2452

S 0 R ESEORR p, W FE 6 5§ AT
%ﬁwmmg=zzpfo
iy j T PR AT w,

w. = 4 (4)

D
A woN s AR IE S B AE 5 d, 0 15
BRE, 4, =1 - E;,
WA LA B T5 3 AR B4 00T & R A
FHES B 5 B AR 735 IR 7.

x7 BIGETENESER
Table 7 Weighting results from the entropy method

B fRERIEE H S UTHE d WEE w
Try 0.849 0.151 0.165
T 0.812 0.188 0.205
U, 0.861 0.139 0.152
Vi 0.846 0. 154 0.168
Copgs 0.715 0.285 0.311

ABEFER T AHP 3% MU AL JC W 418 , ik
SR EIS A S G R R S5 E 2, IR HOR 2
Jri A5 M BB SR H S FIZE S AR, WK 8,

£ ARERHIESHEANE

Table 8 Comprehensive weights for characteristic

parameters of thermal runaway

AR ™ T U, Ve, Cryk

ZEAMEE  0.1392 0.2440 0.1798 0.1595 0.2781

iz LA G AU, TR A AR P SR HE 4L S,
JUNEz"

§=0.139 27,," +0.244 0T, +0. 179 8, +
0.159 5V, +0.278 Te,p (5)
KA T T U Ve’ 40 B8 % 5 50k
HEALRE . AR, 15951 3 4L SEi iR T 2
ol b (P R 2 f B P PR 48 2, LR 9
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Table 9 Results of the hazard assessment index

117 Ah 153 Ah

RECRAES
30A  45A  60A  30A 454 60A

S 0.1392 0.4344 0.7856 0.7532 0.6111 0.6573

fERPETE BN K F/NHEFF 9 60 A —117 Ah,
30 A-153 Ah 60 A-153 Ah 45 A-153 Ah 45 A -
117 Ah 30 A-117 Ah, fERAEEL S MHEFE RS
IR B A PR P T AR W) e
TR F IR T T 117 Ah H s ) B4k P fE I 7
JE , FAEAR AL AL ARG 22 4, {EL v oL O IR 2 1R 38
85153 A HLB A fG RS AN B HL IAT AR 3 H
£ 30 A fe/NRUUR T B 5 B A R e B R AR, 14
TBL T B AR A IR BE e S IR Y
FAGIES, Bk T & T 22805 G A R A
ko X — AU N T 3O A R i A A
PR PR, X T 153 Ah B, 3R G A5H &
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NIEEEE
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