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Abstract: Lithium-ion batteries (LIBs) have become a main energy storage device in various applications, such as portable

appliances, renewable energy facilities, and electric vehicles. However, the poor thermal stability of LIBs may cause explosion

or fire. The thermal runaway is the result of a failure of the separator inside LIB. Damages like tearing, piercing, and collapsing

of the separator were simulated in a mechanical, an electrical, and a thermal way, and small discharge pulses of a few mV were

detected at the time of separator damages. From the experimental results, this paper provided a method that can identify the

separator failure before thermal runaway in the aspect of a potential explosion and fire prevention measures.
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Table 1. Status of ESS installation in Korea.

Renewable energy Peak
Division . Emergency Total
Solar power Wind power reduction
Number (EA) 754 24 657 55 1,490
Capacity (MWh) 1,587 272 2,757 157 4,773
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Fig. 1. Statistic analysis of ESS fire accidents. (a) Service purposes of ESS and (b) service conditions of ESS.

w3 QUTH7].
ghd, R7|AbEAO] AoiM= HARY AJAketelofA
2018 5Fof HAE AL E AlAte g 20209 10E7HA]
3 14749 SAjAFLIE QLI ot [8] Al & X] 0] S 2021
1dof 1739] skxj7t o @AYsto] & B HAF A7 AFE A}
5 371 AFE- 26,699t ol 2|25 AIAIStATt [7]. o]t &o]
EJ%OI% viE 2] = Qlot obx|7} BIHSHA LA HA] A
A AL Eoll AlREA 2 2 uiEE UYAIAH
(battery management system, BMS) 74 & AX] 7]&
Al 5 ohafst tiAo] AIAI=] AL It} [9-11]. Z3jy o] =
AR ESSO] UM A= 2l A7 S g A BA o 25}
H Aoz PR 2 slAashA] Xt e A
ot} [12,13].
2 =2oA+=
stof LIB2] &o|Lt o=
Ha](separator) &40
ool =go] £ %OJ%‘%

o2 o

=] ESS 4= LIB sHA} /\}a 1= %H

ol
-

=7] Ao LIBS %_'—EJ
A 2 &2

L

& Aerstsict

2.0l 8
2.1 2| §0[=2 HHE{2I(LIB)

&0|= B 2= 1 28} 7}01 Y=r(cathode), &=
(anode), &3f|9(electrolyte) ¥ 2] (separator)?] 4
g 242 2Dt FIL 2F AetE B 2UL A
83 EYAIS Y205 Yejo] mxsty gF S0

o
= 924 239 gAE 5Y

ool 43 Alatetct,

<=

Cathode
(A

Anode
(Cu)

7

NN

DN

NNANAN

R

DR

S

lithium-ion
battery

™>Cell can

~Separator

by
by
by
3
by
by
by
oY/
2}
24
24
i
-
by
Y/,
3
A WBBN!
by
by
oY/
2}
24
2
34
3]
|
Py
5]

AN

22
2
“\\

DN

Y

Fig. 2. Schematic diagram of lithium-ion batteries.
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Fig. 3. Most common process of thermal runaway.
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Fig. 4. Configuration of the experimental setup.
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Fig. 5. Waveforms of terminal voltage and discharge pulses produced by a needle insertion under storage condition. (a) The 1% trial and (b) the
5t trial.
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Fig. 6. Waveforms of terminal voltage and discharge pulses produced by a heating gun. (a) Under non-operation state and (b) under charging
state.
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and (c) continuous discharge pulses.



332 J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 34, No. 5, pp. 327-332, September 2021: Lim et al.

dEste] EE&57F 21e4E7] Ao LIBE #2]5tH LIB=
ek Zdtojup S & o g 4 leng, 2 =FoflA=
LIBE 7[A1A, €4 3 A7|Hog 345 BoJsto 72
2 2 A B Y= S VIR e HEE 4 T

ZIAR 442 55 ¥ b um9] AR S-S AUstRe

Ao g I g5 G g, ojn &~
W mVe] A BAS HEE 4 et @4 &2 5
W7ol ofh LIBY 2k Aes Rost Zor 5|89
ol e]folM BZ 7tetd o Fa|ut &4 27| &
mVe| o] ast W BAS AED 2 AT 3, A7|A
B2 2 R 5448 2442 wE7] Y8l 1.2 ps
/50 ps AR A= QI7bstlon, A4 &4 Al opikrt
A2 2ot &4 2710 & mVe) vjast A 2A5 4
= 4 A

o|e} Zo] LIB&= v & 7I1AA, €4 % A7A ZA4
ofa welot £4 Al FEHOR WH WAL UAHS &
2 9l9ith 980] /AN F7 02 Bejuto] HeiEl:
o2 Aojstn @A EE HY|A FH07 Baut &4 A
£ gz 0] AYste o A Ao Westoe Fejo}
&4} %7)0] o] 2 A &5t A= z0] KYs}s] Ho] LIBE
71502 225k LIBY] ol Ut o2 o 43 4 9
2 7oz Jqgnt
ORCID
Gyung-Suk Kil https://orcid.org/0000-0002-1672-2812

ZAle| 2

& A4 20219 = A SRR F(MOTIE) %
71ag 7] J(KEIT)o] A|YS whol 4345F L
tHNo.20010965).

REFERENCES

[1] Korea Midland Power Co., Ltd., https://www.komipo.co.kr (2020).

[2] Korea Electric Vehicle Association, https://www.keva.or.kr (2021).

[3] Korea Institute of Energy Reserch, https://energium.kier.re kr/ (2020).

[4] X. Feng, M. Ouyang, X. Liu, L. Lu, Y. Xia, and X. He, Energy
Storage Mater., 10, 246 (2019). [DOI: https://doi.org/10.
1016/j.ensm.2017.05.013]

[5S] Q. Wang, B. Mao, S. I. Stoliarov, and J. Sun, Prog. Energy
Combust. Sci., 73, 95 (2019). [DOI: https://doi.org/10.1016/j.
pecs.2019.03.002]

[6] Ministry of Trade, Industry and Energy, http://www.motie.
go.kr/ (2019).

[7] SNE Research, http://www.sneresearch.com/ (2021).

[8] Korean Broadcasting System, https://news.kbs.co.kr/ (2021).

[9] Ministry of Land, Infrastructure and Transport, http://www.
molit.go.kr/ (2020).

[10] M. Z. Kong, V. H. Nguyen, and H. B. Gu, J. Korean Inst. Electr.
Electron. Mater. Eng., 29, 298 (2016). [DOI: https://doi.org/
10.4313/JKEM.2016.29.5.298]

[11] H. K. Lee and G. T. Kim, Inst. Korean Electr. Electron. Eng.,
23, 580 (2019). [DOI: https://doi.org/10.7471/IKEEE.2019.
18.3.298]

[12] S. H. Lee and M. K. Park, J. Korean Inst. Electr. Electron. Mater.
Eng., 18, 298 (2014). [DOI: https://doi.org/10.7471/
IKEEE.2014.18.3.298]

[13] J. Lamb, C. J. Orendorff, L.A.M. Steele, and S. W. Spangler, J.
Power Sources, 283, 517 (2015). [DOI: https://doi.org/10.
1016/j.jpowsour.2014.10.081]

[14] J. Gao, S. Q. Shi, and H. Li, Chin. Phys. B, 25, 018210 (2016).
[DOIL: https://doi.org/10.1088/1674-1056/25/1/018210]

[15] IEC 62133-2:2017, Secondary Cells and Batteries Containing
Alkaline or Other Non-acid Electrolytes - Safety Requirements
for Portable Sealed Secondary Lithium Cells, and for Batteries
Made from Them, for Use in Portable Applications - Part 2:
Lithium Systems (2017).





