rE®E I RKFFR
Faet By J. University of Shanghai for Science and Technology Vol.46 No.1 2024

E S 11007 — 6735(2024)01 — 0021 — 09 DOI: 10.13255/j.cnki.jusst.20230510001

SHERSE (T IS M RN S R T 2 I RE T 5

Bk, REL, O FZRY, BEA, #HEK

(1. E3HE TR MU TR 220, 1 200093; 2. iK% EM5ia3#k, JbiX 100084)

FE: KB T TAF4E842(LCO) B AR R AT £, @id AR AR T a4 Aotk iz
BETENL, Bk, BERRBETHESMR, ST 30CH=ZT4LEH TR LCO Bk
HEBRMER, LEREAW, LCO B30 CIRBEALESHRHEILFELI ZT42E T Rt
2485 ok, ARSI RRFFERNXFR T ARBETREAAM; B4, KR T LCO &
A R AT K, &R A, —10, —20, —30 °C B9 B AT £S5 M3 0 °C BF - 3138 e T
180%, 702%, 2400%; /&, *F LCO #AT4HRI#k Iz 5th, SR AW, Mithla by @5,
Wi R ER SR EARAR 530°C, HAYEKE, RBRFAEAKETRE, HEALEEKRGINE,

KB A4k, REREFER;, WSS MER; 4R ER
HESES: TM 912 XERFRERD: A

Research on low temperature characteristics and pinning safety
performance of lithium cobalt oxide batteries
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(1. College of Mechanical Engineering, University of Shanghai for Science and Technology, Shanghai 200093, China; 2. School of
Vehicle and Mobility, Tsinghua University, Beijing 100084, China)

Abstract: This study is centered on exploring the characteristics of lithium cobalt oxide (LCO) batteries
under low-temperature conditions and investigating the temperature fluctuations associated with thermal
runaway events. Firstly, capacity tests were conducted at varying temperatures to compare the capacity
retention rates of ternary lithium-ion batteries and LCO batteries at —30 °C. These tests revealed that
LCO batteries nearly doubled their discharge capacity in comparison to ternary lithium-ion batteries at
this temperature. Secondly, the internal resistance of the batteries was obtained by using the mixed-
power pulse characterization test at different temperatures. Then, testing was conducted on the
electrochemical impedance of LCO batteries under low-temperature conditions, revealing that at =10 °C,
=20 °C, and —30 °C, the charge transfer impedance increases by 180%, 702%, and 2400%, respectively,
compared to 0 °C. Finally, a nail penetration experiment was executed on the LCO batteries and found

Y #m B #A: 2023-05-10

E&TH: HEARBAIEEVIITH (52177217) 5 bt [ ARRR A3 4 V8 B3 H (3212031)

FE—1EF B R(1992-), B, WA, WU MR e M A A2 BRI S S A AT
E-mail: qianguangjunl227@126.com

BIS1EE: IMRAR (1965-), F, Iz, s hm.: BEFHMASLZEH. E-mail: syd@usst.edu.cn


mailto:qianguangjun1227@126.com
mailto:syd@usst.edu.cn

22 o B TR 2 2 R

2024 4F 5 46

that the maximum temperature of the battery surface was not more than 530 °C after a steel needle

pierces the back of the battery, which was accompanied by a small amount of sparks. Subsequently,

substantial smoke generation occurred without any indication of a fire event.

Keywords: [ithium cobalt oxide batteries; capacity retention; charge transfer impedance; nail

penetration experiment
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Fig.7 Charge/discharge voltage and capacity retention of batteries at different temperatures

2.3 EISTKXERD
2.3.1 EIS %53

HPPC il 25 S B, LCO Hiith 0 °C B 52 i
HL N BHAEEARER L 25 °C K, HZERIM BN, AT
E— BRI T LCO H it TR, (R Akt T
IR HPPC M7 i R AL my Il @, R T RS EE
Y EIS K

A %E Ltk SOC R 0.5, HEBR SOC X B4 1 5%
. [l 9 LCO Hth7E SOC Ky 0.5 Bf e jtb BHL 4 Bl
ARG O, ZoR S, 2 R, AT LIS
G510 a PEAEREERIREAL, 7000 R E 20k B
AN, WK 9(a) iR b, M4 SCHNT A2 AR
W REARZE W A R, i 9) R R
JE7R s c. 2F RSB B A B3 AR T 388 K, 48T 9(b)

FR o
2.3.2 DRT FHHL 5

S T R 25 M R R AR A R BE AL AE
B, il bR 20 45 (DRT) J7 34} LCO H it fiY
RT3 B8 2E AT 20 A, % P9 s iz ok A 2R 47 40
# o DRT Jrik vl M —Fp oA R )y vk, How
FE RS &, 3 A6 H S A b i R E AT o
BT o DRT J5 024 B VR HCRR I i 22 42 BEL e i
i HIE55 24 J055 /N LB H 28 JF R B 1Y
it Ar ek . X BT EOE 51T DRT 355, W]
DA 35 UAH 1o 4% £ PN BEL 7 s ] 8 450« 1 A9 2 B o A
yo I EEL b AR £k PN BH % B AR EAT b, T
DLy I HE R S A R AR Al i A

[ 10 /& SOC Jy 0.5 B i fHAT DRT KL A2



2 o B TR 2 2 R

2024 4F 5 46

42
4.1+ 0°C
——25C
4.0
> 39t
o
Q 3.8¢
3.7¢
36t
3.5 . . . . 1
0.2 0.4 0.6 0.8 1.0
socC
(a) T*HLIANIRNR B2 OCV-SOC
50 -
45 | —=—0 °C 1's TN 25 °C 30 s FEALNEE
4 —=—0 °C 10s FEHLNFL 25 °C 30 s JiCHL MBI
0r —=—0°C30s FEHLNBL  —=— 25 °C 10 s FTEHLINBIL
35+ ——0C I s —e— 25°C 10 s AR

ol ——0 °C 10 s AL B

G 3 "
g —e—0 °C 30 s KA K
@ 25+
£ 20+
15

%ﬁﬁé&f’::’:’

0 0.2 0.4 0.6 0.8 1.0
SOoC

(b) 1% FEL AN [0 38 S L AL
8 AREIEE HPPC iR
Fig. 8 HPPC test results at different temperatures

25 °C 1's FEHLAFH
25 °C 1 s i B

0.085 1~ 30 °C
0.068 }* 20 C o’
e —10C
G005ty o
N 0.034
0.017 g\
0 . : . .
0 0.05 0.10 0.15 0.20

(b) =4t

B9 SOCH0.5HEERMERETLFR
Fig. 9 Variation of battery impedance with different
temperatures at SOC of 0.5

LRGSO . NE 10(a) HHa] T, HE AR Ak N BELAY 4
AALg3 3 AR, A 5IAR A Si, Sy, Sse Si, Ss,

Ss A AN [] A2 JE 1) U B M 1 o R ) AE IR I
S, xR . M A&, [
JR 5 R R AR G o BB, Sy BT R A R ] R
AT 0.01~5 s Z[a], #S,y XF I F 4 BH 41 4
PR, TSy %R TARMRBHGTRRE o TSy JIeXs bz i) A
B8] H AL T 0.001~0.01 s Z 0], $f k] H5E S, X
N e AR BB, 3X 5 A B T T AR AU
RMEAL)ZNY WO A K. 454G K 10(b) AT
4510 a mABHPUIE BARA s b ARM R HT(E B AR
Ao BHIE, OA T REE EH R R S AL A
BEWRLE (AR AR 0, 75 S TSR R0 B AT G o

0.090 [
_30 :(C SZ
— -20%C
0075r o<
— 0
0.060 . . .
o ! : :
S 0.045¢
S
0.030 |
0.015 |
S, S,
0 ) : &
0.00010.001 0.01 0.1 1 10 100 1000
/s
(a) —4k
—— =30 C
0.075 —— 120 fC
— 110 fC
0.060 - 0
a 0.045 “
2

=0.030
0.015

0
0.000 1 :
0.01

7 100 -30

(b) =4t

10 SOC 5 0.5 BB b FR#L DRT BERE T IER
Fig.10 Variation of cell impedance DRT with different
temperatures at SOC of 0.5

2.3.3 FRHREIA

EIS i 1 1 A~Ek 2 A2 B0 1 454 Ekdl
Ao 1T AR RSl R R BE BT A IR, 43
5 A X

a. A X I, T e B R i
W, TG SR LN, H, 5505
Y5 R BRI BE, T Ry

b. B X I, 54 T ok AR R A T A



%14 BTR, AF BRI A AR IR RN B e PERE BT 27

e R2 EYEBRMNESHRIRE
. oA Tab.2 Fitting parameters and errors for the equivalent circuit
e e T r P
i‘é A .-.,.- -,... .._. T Couse/mQ Cunpel% RO RO
I ) ’ 0 0.11 6.47 0.00077578 0.0081698
N R ‘R;ﬁ R, 10 031 531 0.00084815  0.0228430
S
—20 0.95 6.18 0.000992 60 0.0654910
11 EFFrihii EIS
. . T . -30 3.15 6.08 0.00122430  0.2042200
Fig. 11 Typical EIS for lithium-ion batteries
Sl AR, Ry F055 A 13 B
c. FAIIX 3, B A AR S AT N T BV A LA ORI T e
F HL BT B AR AR DG — AR IR, Ry el R T BT VY 356 0 G 15 900 4 G 1 359 Oy R %
ﬁ%*gm:]ﬁ, 7= CRMSE 4 Xt H iR 2 {maPE> CRMSE AR LN -
d AR I, 7R B S 1 70 I 1k AR BURE Y K . .
SRR LR, ) Warburg BT R, 0% 2120260 + (2! ()-Z! G.)F
k=1

FESCPRE I, W A AL e CPE AR {RMSE =
HUZ LA, Feor S T H AR B T U S i v BELAE

2K

A M W O B, fEfGi 30, 20, o M

110 °C B, 3F R A WG ) AR Y Warburg  CAPEC0)

BifT. B, fERIES BB RN T, 100 & (1220~ Z2 G| 1122 ()22 G
A AR AR AN 5] 12 I o ﬁ;[ 7L (i) ]+[ 40 }

L kPR AECH 5 o BT I 8 R

ZLDRZY (), ZE () FNZY (i a) 730 S S e F4U 5 4L

SRR TR ;. ofeilid Zview BLA SIS EL.
UL, FAE-30 C T Cruse /Ez“jtﬂﬁ

CPE TR EBEBTAER, FF) 2 H fer e R BT
B 12 SHmpEn s, AR/INAY SRS R Y AR R %%ﬁﬁ’]m%
Fig.12 Equivalent circuit model EEFR 2 5K 13T IS SIS a R, Il R, B 5 1R

i &l B Zview HE4T S 50 BB R L RO, BEIRBERIREMRM LR b Ry Fﬁ‘iﬂ%ﬁ?”‘“%
&, RFIEMLE SOC N 0.5 BRI EE S BsAS BN, Ry BT FE A5 Ak (0 i 28 B
FaRzznge 2 i, PESEIEIRENZMENR  —20, =30 °C B R % 0 °C 20 HIH5H0 9.33%, 27.95%

4 17.0 0210 50,0013
RCK
0175 " =R, 100012
3r 16.5
0.140 | 40.001 1
a .
2 S
£ 160 = S oa0s| . {00010 <
: <
N "3
1 0.070 | \ 40.0009
155 .
ol 0.035 \_ {0.0008
' ' ' ' 5.0 0 ' ' ' ' 0.000 7
30 20 ~10 0 30 —20 10 0
R/ C R/
(a) iR2% (b) ZHAk

13 HESHMREMBENETLER

Fig.13 Variation of fitting parameters and errors with different temperatures



28 o BTk % 2 R

M 57.26%; d. —10, —20, —30 C B} R, # 0 C 4
M T 180%, 702%, 2400%. bk 45167
I, LCO H iy fr) I I PR Ak 27 P BB o D 32 22 ¢h #R fr
SRS BHBTAE K FHL

24 SRR RS

B f) 0 3 2 — o FH 1) R it 2 A M REVEAR
B, BT DAL b P e AR A A v 1 OO o
203 7 VR R R T A A R 0 E Tk R
TV B8 %, 5 S0P b PN S 1 B A e T ) P R
B, N5 ] A b R ) SR T . TEsh
HA Y A R 37 B, AEAE AR S 0 R Ha it PN R
SEC A R, PR, A SR 6 T R i
G A EEE L.

B fioh e ORI R T Ak 4 BB, B
e, FEEFRIJT AR R, B R IR, B R
MBI R BUR T X B AR E R, B
Jo . MBI BT, 5 R H T IR A 2 1 [
A B g J5 JES R 67 B B R LiC G 43 i RR AR .
&, MERENHE LI E, REBREEE 2 —
S i B BB, 2 floh & R b T AR A )R R A VR 1Y
OY R RO, HE— 20 R R T I
TR B = L, R AR B, R,
S il T DA S DA R Y 2 A PR AR, IR R
WAEMSEEE, UTs S BTG

WE 14 s, (EE 1 AMAE 2(BEEN 5 mm)
g IR NN I v A RRTINE IVA o L
FH UL 00 o) Ao e sl ep s L R AR Ak, TRD B R %
2NN T B Lk T A I 2 RO A IR 2 T
PR s A0E 3 L A B AR R B A

(d) J7 A AR

ORI v

2024 4F 55 46 %%
600
142
500 F 35
429 7
400 - 1ss
& =
BN 300 + AT 1 2.1 4
P Dl DALY #
2000 | VE3 {14
100 | 107
—o

0 7s[5s10 15 20 25 30N 35
6.1 il /s 314
14 LCO B B{kstRISLIREFMBETH ML

Fig. 14 Temperature and voltage variations of the LCO cell in
nail penetration experiments

1E B 5 20 mm &b, X0 R sl R Al b ) R
AEAFN S A FUAE o B S 5 7R R U AT R 280 R 58
B T, SRR E M SOC A 1. El 14 24 LCO
Pt PP B o S 6 0 R A R AR At 2. AR HE ST
L KRR LA A AR, BT AR ok B e
AT B A 4 s Z A7, BEATHL ML FRAE 4 s Z )5 OF
WM. BEEWNEWEZE8), REEZETRM 1s N
e TR, TR R RO 2 B 1 RO 2 AR
FEA P T, L E 3T OB R
B, ORI R o, AR R 12 mm,
PR EE Ny 5 mm, AR H AT ] R 6.5 s H
B4 w5, A8 1, 2, 3 BITESEE TR 6.1,
6.8, 31.4 s FRIREFIE(E . FREULMIR 2, V&
1 H Tl it s = S I S B0 B R ARV, R
FEAEST I SEE 6.8 s Z 728 OV 24

& 15 28 LCO Ha b AT o) 2 56 S [R) B B 1 ]

(f) MR H >

B 15 LCO Hith B $t 3 SL 36 R R By B B 4%

Fig.15 Images of LCO cell in nail penetration experiments at different stages



%1

BTR, AF BRI A AR IR RN B e PERE BT 29

B BUBFRIEE A BENE], HMB K™ A A R
IS, JFBA A KBS . BET J B s tb 75
Ja, AR KR, RPTEREME . B

SRR AR, K2 1.2s 4. M T NCM

(a) HATFR A IE I

R, AR, (EIFCA R EE KA

AR S A AR BZ AN 16 s, AT LAMLEE E
B B I IR, X2 15 v SR R B
ZJE A R A AN S, R AT A TR

(b) LT O

B 16 RIS ERE MK

Fig.16 Remains of the battery at the end of the nail penetration experiment

3 & it

i3 A AR B R A LCO H w75 2 i ik
HPPC JU 4k . EIS I3 A0 &F ) 03k, 8 540 87 T
LCO Ha, th () G I e RN B R s i B AR ARG L, 15
FIAN T 4518 : a. LCO HHMLAE 0 °C 125 C LI H
KRR -, HEFRFENBBMGERET,
LCO HL it 7E—30 °C IR I 3 f 45 o PR R LT 3k 5
NCM HLB i) 2 %5 b.0 °C Fl 25 °C B LCO Hi s 78
fik SOC IX 1] (0.1~ 0.2) 7 it H P9 P& K, Hofth
SOC X 1] (0.2~1) FE i L N FHAZ ALAR /N5 . 10,
—20, —30 CH} R 0 C 4 H ¥ T 9.33%,
27.95%, 57.26%, {H{E—-10, —20, —30 °C i} R, %
0 °C /35N T 180%, 702%, 2400%; d. 4M%TH]
Wb S, A E AR, BRI K
%, A REE KNG, T B o1 sg
ISR 6.1 s 1 6.8 s a5 F R B IE(E .

SE Lk

[1] QIAN J W, LIU L, YANG J X, et al. Electrochemical
surface passivation of LiCoO, particles at ultrahigh voltage
and its applications in lithium-based batteries[J]. Nature
Communications, 2018, 9(1): 4918.

(2] 5. #4328 v P R 1 ol b v RS 5 (g IR S Al
HIFERESY [D]. dbat: Jbat s8R, 2022.

(3] B, R, SV, 4. o i He Bl TR R (E AR LI 5T

HERE [J]. APRHSAR, 2023, 37(13): 39-52.

(4] BERE . i 1Al R PR IE AP ek ol 8 K e b 2 M mE
5% [D]. PH%: PR R, 2022,

[5] TIAN T, ZHANG T W, YIN Y C, et al. Blow-spinning
enabled precise doping and coating for improving high-
voltage lithium cobalt oxide cathode performance[J]. Nano
Letters, 2020, 20(1): 677-685.

[6] BR) 12, hER vk, 20, A5 Hl e 1 i vt R e 1 e
WEoTHERE [J]. UM TRE 224, 2022, 58(24): 145-162.

(7] XWE5 2=, AR F5 75, o T B e it T T AR A kAl 8 e e
TR [1]. FUEE AR, 2022, 46(12): 1357-1359.

[8] TIAN Z C, YU H, ZHANG Z, et al. Performance
improvements of cobalt oxide cathodes for rechargeable
lithium batteries[J]. ChemBioEng Reviews, 2018, 5(2):
111-118.

(91 b5, A5 7R 1 T A ) 3 T A e ARl vy P P A RE AR MO
F¢ [D]. Lifg: s EBEBE R (h E PR LR
WHEAI), 2022

[10] SHEN B, XU X, LIU W M, et al. Realizing an excellent
cycle and rate performance of LiCoO, at 4.55 V by Li ionic
conductor surface modification[J]. ACS Applied Energy
Materials, 2021, 4(11): 12917-12926.

1] EFIE, RUH, JH2R, 55, AR EE i PERE TS [J]. B
TR, 2018, 42(3): 339-342.

(12] 3oy, THM, IR T2 4 R 2L el vl 69 0t 32 e P T
5% [J]. HIEHE R, 2017, 41(9): 1278-1280,1295.

(%if: 1 B


http://dx.doi.org/10.1038/s41467-018-07296-6
http://dx.doi.org/10.1038/s41467-018-07296-6
http://dx.doi.org/10.1021/acs.nanolett.9b04486
http://dx.doi.org/10.1021/acs.nanolett.9b04486
http://dx.doi.org/10.3969/j.issn.1002-087X.2022.12.03
http://dx.doi.org/10.1002/cben.201700008
http://dx.doi.org/10.1021/acsaem.1c02575
http://dx.doi.org/10.1021/acsaem.1c02575
http://dx.doi.org/10.3969/j.issn.1002-087X.2018.03.007
http://dx.doi.org/10.3969/j.issn.1002-087X.2018.03.007
http://dx.doi.org/10.3969/j.issn.1002-087X.2017.09.011

	1 实　验
	1.1 实验对象与设备
	1.2 容量测试
	1.3 HPPC测试
	1.4 EIS测试
	1.5 针刺测试

	2 结果与分析
	2.1 容量测试结果分析
	2.2 HPPC测试结果分析
	2.3 EIS测试结果分析
	2.3.1 EIS结果
	2.3.2 DRT阻抗分离
	2.3.3 等效电路拟合

	2.4 针刺测试结果分析

	3 结　论
	参考文献

