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Abstract : The stability at elevated temperatures of a surface film formed on a graphite elec-
trode in lithium secondary batteries was investigated by transmission electron microscopy
(TEM) and electrochemical AC impedance spectroscopy (EIS). TEM analysis revealed that the
surface film partly dissolved in the electrolyte solution during storage at 60°C, resulting in a
decrease in the thickness of the surface film and a change in its morphology to a porous struc-
ture. On the other hand, an increase in the impedance of the surface film which is attributable
to a change in composition of the surface film was confirmed by EIS analysis during the stor-
age at 60°C. It was also shown that the addition of vinylene carbonate or 1,3-propane sultone
or etylene sulfite, even if limited, improves the stability of the surface film at elevated tem-
peratures.
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Fig. 1. TEM images of the natural graphite powder (NG-
7) after second cycle of CV in 1 M LiCIO/EC + DEC
(1:1) at 25°C, followed by storage at (a) 25°C and (b) 60°C
for 12 hours.
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Fig. 2. EIS spectra of the natural graphite powder (NG-7) after second cycle of CV in 1 M LiCIO/EC + DEC (1: 1) at

25°C, followed by storage at each temperature for 12 hours.



160

(a) no additive

N B
o o
L1

Current / pA
e

-204

40
00 05 10 15 20 25 3.
Potential / V vs. LilLi*
401 (c) 3 Wt% PS
20

Current / pA
8 o

5

00 05 10 15 20 25 30

Potential / V vs. LilLi*

J. Korean Electrochem. Soc., Vol. 14, No. 3, 2011

40- (b) 3 Wt% VC
20
<
€ 0-
o
S 4
© 20
404
00 05 10 15 20 25 30
Potential / V vs. LilLi*
40 (d) 3 wt% ES
20
<
s 4
© 204
404
00 05 10 15 20 25 30

Potential / V vs. Li/Li"

Fig. 3. Cyclic voltammograms of the natural graphite powder (NG-7) during the first cycle in 1 M LiCIO,/EC + DEC

(1 : 1) with and without additives.
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Fig. 4. EIS spectra of the natural graphite powder (NG-7)
after second cycle of CVin 1 M LiCIO/EC + DEC (1:1)
with additives at 25°C, followed by storage at each
temperature for 12 hours.
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