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A Study on Explosion and Fire Risk of Lithium-lon and
Lithium-Polymer Battery
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ABSTRACT

Because Li-ion battery and Li-Polymer battery have high-energy storage density, they are used for various
electronic devices such as electronic cigarette, electronic bicycle, drone, second battery, even golf cart and
electronic car. Recently, however, battery explosion is sometimes occurring on electronic devices using Li-ion
battery and is becoming serious as bodily harm is breaking out due to explosion. For this, this paper described
the Li-ion Battery’s operating principles and verified the cause of explosion by overload tests caused by the
high-energy storage density. According to the these experiments, we conducted a study to develope scanning
techniques of fire and safety measures.
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Table 1. Properties of li-ion battery and li-polymer battery

Sortation Li-ion Li-polymer
Vlotage 3.7V 3.7V
Electrolyt
eCTy‘;ey s Liquid solid, polymers
Life shorter than longer than
Risks higher than less than
Manufact}m.ng More limited More freedom
characteristics
Usage More limited More freedom
Low
temperature Less than higher than
properties
Price Less than higher than

¥ 2. nu3zo /%
Table 2. Function of the protection circuit module

Function duty

over- stop charging when more than a specific
charge voltage in order to protect cells from
protection |overheating or explosive due to overcharge

Over- Stop discharging when certain voltage or
discharge |less discharge to prevent cell damage
Protection |caused by over discharging.

Over- Stop discharging when there is an

current abnormal flow of power caused by device
Protection |error

Short- Momentarily stop charging if a great deal
circuit of current flows because of external short

Protection |of the battery pack
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o Date : 2016. 10. 06. 11:10

o Location: Chungbuk
Jeungpyeong county

o Casualty : None

o Property loss : 7,500,000

won
o Cause : Lispolymer battery
explosion (over-charging)

Explosive Fire Casel[5]

o Date : 2016. 10. 03. 21:43

o Location : Chungbuk
Jecheon city

o Casualty : None

o Property loss : 400,000 won
(loss of battery and some
flooring)

o Cause : Lithium-ion battery

explosion(over-charging)

Electric bicycle Lithium-ion battery Explosive Fire Case[6]

o Date : 2016. 05. 01. 22:24

o Location : Chungbuk
chungju city

© Casualty : None

o Property loss : 91,623,000
won (35 Golf carts burned,
39 Golf carts partial burned)

o Cause : Lithium-ion battery
explosion

(over-charging)

Electric golf carts Lithium-ion battery Explosive Fire Case[7]

o Date : 2013. 07. 29. 01:50

o Location : Chungbuk
Cheongju city

o Casualty : 4 people(a minor
injury)

o Property loss : 370,000won

o Cause : Lithium-ion battery
explosion

(over-charging)

Remote controller helicopter Lithium-ion battery explosion[8]

a2 1. A A 3R AEE
Fig. 1. Fire investigation cases

E 3. FamAREs] 28 A AR} gl F Alx
A3

Table 3. E-cigarette Lithium battery explosion statistics
source from Korea Consumer Agency[3]

. Electronic cigarettes
Sortation . .
device products explosive

2012 year 4
2013 year 1
2014 year 7
2015 year (Januay~April) 8
Sum 20
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A remote control helicopter
equipped with no protection
Circuit lithium-ion
battery(1400mah)

over-charge test 15V SA

A

Lab was completely burned
6 minutes later an explosion

the explosion fire after
10 minutes
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Li-ion battery with a protection | over-charging after removal of
circuit(3.7V 700mah) protection circuit (15V 5A)

]

A fire breaks out
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Fig. 2. Remote controller helicopter Lithium-ion battery
explosion Reproducible experiment
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explosion after 3hours

_charging 5V 2A
Over-charging 5 58minutes

Over-charing computer USB
PORT 5.11V 0.5A

T2 3. A ©el 2lE ol AR P AR A 4 e
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Fig. 3. E-cigarettes  Lithium-ion ~ battery  explosion

reproducible  experiment and Li-ion battery safety
verification experiment

explosion after 336hours

Over-charing 15V 5A No explosion after 168hours

J2 4. 3327} o) Aol st 3 =4 Alg
Fig. 4. Li-ion battery with a protection circuit
overcharging test
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Short test after removal of protection

Cbeh
circuit Short switch(+ - pole) on ready

Short switch ON(+ - pole
connection)

the battery casing to melt down
after 5 minutes

T2 5. RE3R gl el Wg aE AY
Fig. 5. Li-ion battery with a protection circuit overcharging
test

Short test No explosion after 168 hours
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Fig. 6. Li-ion battery with a protection circuit short test
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Explosion after 3 minutes

Over-chrging Li-ion Polymer
battery 560mAh 15V 5A
a7 7. wEssl gl eEEelehiEe e 3
A9 e Ay
Fig. 7. Li-polymer with a no protection circuit short test

Explosion after 5 minutes
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Over-chrging Li-ion Polymer battery
560mah 15v 5A

Short test of Li-ion Polymer

No explosion after 168 hours
battery 560mah

Fig. 8. Li-polymer  with a  protection  circuit
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able 4. Li-ion battery experimental results

By E;Z“‘ o || e | i |
none 15V 5A Smintes explasion | Overcharing
none 11V 15A 0mintes | explosion “
none 5V2A Sﬁﬁ explosion “
This is usual
none 511V 05A 336hours explosion “ ;‘:em'}";‘i
- wb
meh being 15V 5A 168hours 10 explosion «“
being 15V 1A 168hows | 1o explosion «
being 1V 1A l68hows | 1o explosion “
none Iself Sinutes h’““"/dfwf T Gt test
none Iself Smimutes explasion «
being Ttself 168hours 10 explosion “
none 15V 5A Dmintes | explosion | Overcharing
o | e 15V 5A I0mines | explosion | Overcharing
mh | e 15V 5A l68hous | 1o explosion | Overcharing
being Iself l68hows | 1o explosion | Short test
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Table 5. Li-polymer battery experiment result

protection | current and
Battery - . :
. circuit voltage time outcome sortation note
capacity H
status supplying
360mah none 15V 5A 3minutes explosion Overcharing
560mah none 15V 5A Sminutes explosion | Overcharing
720mah none 15V 5A Tminutes explosion Overcharing
560mah none 11V 1L5A 35minutes explosion Overcharing
560mah | none 5V 24 L68hours | PUETY €4SC | o haring
swelled
560mah | none Tiself Iminutes | P B g st
swelled
600mah | none 5V 2A t68hours | PR €% | G5y iharing
swelled
560mah being 15V 5A 168hours no explosion | Overcharing
560mah being Ttself 168hours no explosion | Short test
600mah | being 15V 5A 168hours no explosion | Overcharing
600mah being Ttself 168hours no explosion | Short test
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