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Abstract - This paper was studied on the explosion hazard by spark discharge of the lithium-ion
battery. The experimental samples were chosen lithium-ion battery(general, notebook) which
were used for source of portable equipment. The IEC(International Electrotechnical Commi—
ssion) type spark ignition test apparatus and experimental gases such as methane, propane, ethy -
lene or hydrogen were used for explosiveness test. It was confirmed through the experiment
that the explosion hazard by spark discharge. Also, it was used thermal imager for confirm
that spontaneous ignition possibility by short-circuit. As the result, this paper verified that
lithium-ion battery should be used and designed by special attention safety in the hazardous

zone which is existed explosiveness gas.
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Table 2. The experimental gases.

G Compositions of explosive test mixtures
Toup L.
Table 1. Specification of lithium-ion battery. Vol.% in air
I (8.30 +0.30) % methane
Capacity Nominal
Use | Form | Company | v " | age v A (5:25 +0.25) % propane
18650 Al 2900 370 B (7.80 £0.50) % ethylene
18650 A2 2400 370 nc (21.00 +2.00) % hydrogen
18650 A3 2600 3.70
General
18650 Al-P 2200 3.70
18650 A2-P 2400 3.70
18650 A3-P 2600 3.70
SSB-
A 4400 11.10
T10CLS
PCGA-
B 44 11.1
BPS2A 00 0
Note | X—note C 4400 11.10
book SSB-
ocLs| AP 4400 11.10
}1;(1:3:?1; BP 4400 11.10
Fig. 1. The IEC type spark ignition test appa—
X-note | C-P 4400 11.10 ratus.
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IEC Type
Spark Ignition Test
Apparatus

= Test Battery

Fig. 2. Circuit diagram of experiment.

Thermal imager
(Fluke Ti55)

Lithium—ion
battery

’;

(2200, 2400, 2600mAh)

O O
Switch

Fig. 3. Schematic diagram of temperature change
experiment.
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Table 3. The minimum ignition limits.
(methane/air mixture gas)

o

& 2Pl B AT

Table 4. The minimum ignition limits.
(propane/air mixture gas)

Minimum ignition Minimum ignition
A limits A limits
Kind Form verage Kind Form verage
Voltage V| No. of o Voltage V| No. of o
Ignition Ignition
battery battery
_ 78 V 778 V
18650 (AD) 2 O 18650 (AD) 2 (0]
761 V 760 V
1865 2 18 2
8650 (A2) 0 650 (A2) ©
_ 78 V 778 V
18650 (A3) 2 O 18650 (A3) 2 (0]
General 7230 v General 1900 v
1865 ' 18 '
8650 (A1-P) 6 © 650 (A1-P) ° ©
18650 281V 6 (0] 18650 2280 V 6 (0]
(A2-P) (A2-P)
2219 V 2281 'V
1865 18
8650 (A3-P) 6 O 60 (A3-P) 6 ©
SSB- 1233 V SSB- 1233 V
1 (0] 1 (0]
T10CLS (A) T10CLS (A)
PCGA- | 11.24 V PCGA- | 11.20 V
. 1 (0] . 1 O
BPS2A B) BPS2A (B)
1520 V 1510 V
X-note 1 (0] X-note 1 (0]
Note © Note ©
book | SSB- | 1233 V ) < book | SSB- | 1233V ) <
T10CLS (A-P) T10CLS (A-P)
PCGA- | 11.24 V 1 X PCGA- | 11.20 V 1 X
BPS2A (B-P) BPS2A (B-P)
1520 V 1510 V
X-not 1 X X-not 1 X
fote (C-P) rote (C-P)
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Table 5. The minimum ignition limits.
(ethylene/air mixture gas)

A
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Table 6. The minimum ignition limits.
(hydrogen/air mixture gas)

Minimum ignition
Average ..
limits
Kind Form Voltage
No. of .
\Y% Ignition
battery
778 V
18650 2 0}
7 (AD)
760 V
18650 2 (0]
7 (A2)
778 V
18650 2 (0]
7 (A3)
General Y
18650 ' 4 0}
I ERINED)
18650 2280 V 4 0}
a2
281V
18650 4 0}
3P
SSB- 1233 V
. 1 O
T10CLS (A)
PCGA- | 1120 V 1 o
BPS2A B)
1510 V
X-note 1 (0]
Note ©)
book SSB- 1233 V 1 <
T10CLS (A-P)
PCGA- | 1120 V 1 X
BPS2A (B-P)
X-not 1510 V 1 <
-n
“lcp
120 ~8-2200mAh % 2400mAh —&- 2600mAh
61505 56605
100 Ak Ak
.;"7 \
o r. ‘: ‘
? TN
5 LI ¢
260 V)
@ x4
g 40 i - xxxs();“
e \
'lu XXX)M
2

2000

4000
Time[s]

6000 8000 10000

Minimum ignition
A limits
Kind Form verage imits
Voltage V| No. of »
Ignition
battery
371V
18650 1 10)
(A1)
18650 398V 1 0
(A2)
387V
18650 1 0
(A3)
General 3 v
18650 ' 3 0
(A1-P)
18650 11.37 V ) o
(A2-P)
11.2
18650 ,O v 3 0
(A3-P)
SSB- 1218 V
v o 1 0]
TI10CLS (A)
PCGA- | 1110 V
1 O
BPS2A (B)
1500 V
X-not 1 0
Note Howe ©
book | SSB- | 1218 V
N 1 X
TI10CLS (A-P)
PCGA- | 1110 V 1 X
BPS2A (B-P)
X-not 15.00 V . <
-n
ote C-P)
EAFoR AR P50 FRT A 0w A
drk
Fig. 5% 8- 2400 mAh 2] Fo] ] 9] Azt
w2 2235 gl 2 slolok et
AR Q7FA AA 9 +Fo| A L7t 323 455
o] -F Ho R 2rIE AN AvkEE 2l B
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= Fig. 694] B.3= ko) o] 3 Frol oot 114 )
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Al +5-2] PTCA W] 2~ 9] 115‘01 H

29 (H=0.24RT)°l| 2]3] &

}71 2138k PTC(Positive temperature co-

efficient) A} 7] 2~E1 7} L 45 o gle], e}

S
A

Fig. 4. Result of temperature change experi—
ment.
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(a) 10 s(59.8 C) (h) 60 s(89 C)

(c) 600 s(915 C) (d) 1800 s(929 C)

(e) 3600 s(935 )

(f) 7200 s(47.6 C)

Fig. 5. The temperature change of the lithium—
ion battery.(2400mAh)

T Top Cap (Positive Terminal)

/_F- = Gasket
PTG+ Fe i
i

|

Al

Top Insulator

Catnode Tab

—— Anode

Steel-Can

(Negative Terminal)

Bottom Insulator v—‘

Cathodg +——

————+ Separator

+——+————+Cathode

Fig. 6. Structure of the lithium-ion battery[8].
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