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Fig. 1 Schematic diagram of “core-shell” model of Li/CF,

battery during discharge processes
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Fig. 2 Discharge curves of Li/CF, batteries at 86 mA/g after

storage at different temperatures for 15 days
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Fig. 3 Discharge curves of Li/CF, batteries at 86 mA/g after
storage at 55 ‘C for different days
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Fig. 4 Impedance spectra of Li/CF, batteries after storage at

different temperatures for 15 days
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Fig. 5 Impedance spectra of Li/CF, batteries after storage at

55 ‘C for different days

KT, MRAEHTIR ) Li/CF, Mg R “A%—52”
AR, 24 Li/CF, Hyh A H RS, CF, PR
24— BT P2 2 (CHLIF) T A 7 o X R T =)
JE W RS CF, IR E— Dz, S8 CF,
IF 40 2 T 4D S FL BEL K8 K o i o R o A ) A B e
17, Li/CF, HLit (755 L 7= ) J2 22 AR A5 B R B0
13 Li"S e R ] CF, B P I B A7 Wy 3
Ko Rk, B G A7 B IR T s A A7 I (] e
Li/CF, FaIth A2 3t PHATT U (1 FL A7 % A% FELRH (R ) 22 8 15 1
AR, XGRS IR Li/CF, B i e R 45
SARFT

N T aE— 534 Li/CF, B &5 il i A7 Ja R AR
PRI R R, fe A7 — 2 i 8] S5 1 Li/CF, Bith (R
CR)BEATHRMAR, WL%E CF, IR AT R R H T 3R 1E,
SR 6 Fin. EARMEAEN Li/CF, Bt CF, B
i LA 6(a)), FRI CF, sk 51 M i fE S
FIRKGSEFI IR AP, B 6(b)~(e)Bn T LEAH
PR N A7 15 KRIGH) CF, MRS . MK
6(b) M) PRI LLR I, CF, BRI SHEA L5
6(a)FH ML, I Li/CF, Fi it 3 F R P AN R ™ 5
M 6(d)F(e) s, CF, BRI AR 140781
ST LIF GRRL, RIBEE A (B 8K, Li/CF,
LI E JBORAT 2 R B A T I Ak i
LIRS ) Li/CF, Hidth, CF, BRI L E i e
BRI LiF dfn /N e 5 4), 1K & T Li/CF, Fith
HCH [ O A N B A B A g . |
6(D~(h) =2 EA Rl AR FE T ififE 15 RJGH) Li/CF, H
i CF, B RE S . WX =5k H Hal LA

CF, BI#RTH b FFE 703 T 8U% 1 LiF dkn, RAL
R IEAE S, SE B R ) JE (LIFHC) D& 1E
CF, Bt R BT

NT 542 Li/CF, B AE =il 1) R AT
N, WHELF G YRR TR CF, IR EHAT T XRD
MR YT o CF, IR i 285 A ] P FHAS ] ) [ iy
1EJE 1) XRD 43#rés 3, Wil 7 . MAREAAH CF,
FIAAE S0 XRD 73 B i Zerh T UK IR, 72 13°41 26.5°
BT HEE T CF, BRI IR A RREIERS, ik
i) Li/CF, BB B BRI G IFAZE, TR
e CF, IR o TAE 65°H1 79048 1 H
LT WA LiF @R iR, X2 T Li/CF, B s
I FEE 4 R ENREM B BORRTER . 2
EAEAE S, FTA CF, BIARFE S XRD #f4E F35H
LT LiF SRR AEIE (380, 450, 65°H11 79°), [F]IN7E
R XRD g, 13°4b 1R A REIEE JLTH %,
R ALY LiIF 04 GBS CF, WX MER T
Fo RAR, B A P T v R i A T ] PR
CF, BRI _EA LiF SR iR A0 06 A8 15 58 fin 2
B, VLB TBCR = LiF SRR 45 B AR 15 ok =,
W Li/CF, B 1) E B R N 2 5 iy A7 5 15 21 T
HERT I IGE

Kl 8 Al 9 i/ Li/CF, FLMLZEA R R g7 A
[ B[] J5 4R 8 N SR 1) CF, B R T 14 2 itk . A
8 AN mI UL, UG T 2R 58 B I LUAEL I/l P DA i HH R
o R FEREIE, R I/l O LRI, S TRE S
g R, A AR R T B 8 9 o
MREZesp T LRI, CF, BAMR I H7 2 itk Hh 447
FEPANE, BIALT 1356 cm ™' BT D WAL T 1582
em” PRI G R XA B RS 2 BT — AN AL
(AR R, B2 BB A it A P2 11 T o S A7 ) PR A£G
FLEHEN In/lg POAE 2 90 HH 328 14 R ) — M AR AL
Po R M2 3 F0H T E 8 9 W1 In/lg AR
FL2 6 I/l LUAR X ARk i 34 ) e T A [\] CF, B
MR T S5/ RS o3 AR, W LA Li/CF, Bt
FEVIN “RE-Fe BEBCRINUARRERE . TEREAFTTURET,
Li/CF, Hith B 580 2 A B TBCR = ) (LIF+C) b, 8
Ay A fE CF, BRI L, AT 1o/l HRAE R
W i A7 TP (1 T = B A7 R RE K, Li/CF, Fath
(1) JBORIL R BN, S AGAE CF, B T 17
MR SRR 2, T ) R 1S
FORHSE . BT AR RN SRR, R =
R PR 2 A B TSR R0 T AR AR A, T Rk
CF, WA TH I HE 2 Y1 (1 In/l6 PO 2 AW & .



1470 o EA 4R AR 201947 A

E 6 CF, Ik SEM 1%
Fig. 6 SEM images of CF, cathodes: (a) Without storage; (b) At 25 °C for 15 days; (c) At40 ‘C for 15 days; (d) At 55 C for 15
days; () At 70 ‘C for 15 days; (f) At40 C for 30 days; (g) At 55 ‘C for 30 days; (h) At 70 'C for 30 days
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Fig. 7 XRD patterns of CF, cathodes after storage at different
temperatures for various days: (a) Without storage; (b) At 25 C
for 15 days; (c) At 25 C for 30 days; (d) At 40 C for 15
days; (e) At 40 C for 30 days; (f) At 55 C for 15 days;
(g) At 55 C for 30 days; (h) At 70 C for 15 days; (i) At
40 C for 30 days
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Fig. 8 Raman spectra of CF, cathodes after storage at
different temperatures for 15 days: (a) Without storage; (b) At
25 C; (c) At40 C; (d)At55 C;(e)At70 C
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Fig. 9 Raman spectra of CF, cathodes after storage at 55 ‘C
for different days: (a) Without storage; (b) For 10 days; (c) For
15 days; (d) For 30 days
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Table 1 [p/l; values in Raman patterns of CF, cathodes after

storage at different temperatures for 15 days

Temperature/'C Ip I I/l
Without storage 536.47 641.20 0.84
25 208.53 168.36 1.24
40 685.11 538.32 1.27
55 1677.80 1273.84 1.32
70 897.86 665.02 1.35

2 CF,BIMRAE 55 C MEEA RN 8] 5 Raman 1) I/l
"
Table 2 Ip/I values in Raman patterns of CF, cathodes after

storage at 55 ‘C for different days

Storage time/d Ip I Ip/l
Without storage 536.47 641.20 0.84
10 933.04 757.36 1.23
15 1677.80 1273.84 1.32
30 686.66 510.98 1.34
3 R
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Storage performances and failure mechanisms of
Li-CF, batteries at high temperature

MA Ling"*? ZHONG Xue-gi"?, SANG Lin%, DING Fei’, ZHANG Shuo-qing', LIU Xing-jiang" % XU Qiang'

(1. School of Chemical Engineering and Technology, Tianjin University, Tianjin 300072, China;

2. National Laboratory of Science and Technology on Power Sources,

Tianjin Institute of Power Sources, Tianjin 300384, China;

3. Jinnan Administration of Work Safety, Tianjin 300350, China)

Abstract: In order to investigate the storage performances and failure mechanisms, the self-discharge behaviors of both

the Li/CF, batteries stored at different temperatures and for different days were studied in detail. The discharge results

show that the capacity of Li/CF, batteries fades rapidly with increasing the storage temperature or storage time. The

testing results of EIS, SEM XRD and Raman spectroscopy indicate that a layer of self-discharge products may be

produced on the surface of CF, cathode after storage at high temperature. The self-discharge products can decrease both

the R, and discharge voltage platform, and also promote the voltage hysteresis of Li/CF, cells obviously. Compared with

the storage time, the self-discharge behavior of Li/CF, batteries is more sensitive to the increase of storage temperature.
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