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Abstract : SEI (solid electrolyte interphase) layers are generated on a graphite negative electrode
from three different electrolytes and low-temperature (—30°C) charge/discharge performance of
the graphite electrode is examined. The electrolytes are prepared by adding 2 wt% of vinylene
carbonate (VC) and fluoroethylene carbonate (FEC) into a standard electrolyte solution. The
charge-discharge capacity of graphite electrode shows the following decreasing order; FEC-added
one > standard > VC-added one. The polarization during a constant-current charging shows the
reverse order. These observations illustrate that the SEI film resistance and charge transfer resistance
differ according to the used additives. This feature has been confirmed by analyzing the chemical
composition and thickness of three SEI layers. The SEI layer generated from the standard electrolyte
is composed of polymeric carbon-oxygen species and the decomposition products (LiyPF,0,) of lithium
salt. The VC-derived surface film shows the largest resistance value even if the salt decomposition
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is not severe due to the presence of dense film comprising C-O species. The FEC-derived SEI
layer shows the lowest resistance value as the C-O species are less populated and salt decomposition
is not serious. In short, the FEC-added electrolyte generates the SEI layer of the smallest resistance
to give the best low-temperature performance for the graphite negative electrode.

Keywords : Lithium-ion batteries, Natural graphite, Additive, Low-temperature performance
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Fig. 1. (a) Galvanostatic discharge profiles at 0.2 C-rate
and (b) discharge capacity a function of C-rates. The
results were obtained by discharging at -30°C after a full
charging at 25°C.
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Fig. 3. EIS results at SOC 50% obtained at two
temperatures. Nyquist plots (a) at 25°C and (b) at -30°C,
(c) Arrhenius plot for calculating the activation energy.
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Fig. 4. XPS spectra of graphite surface obtained at SOC 50%; (a) C 1s, (b) O 1s and (c) F 1s.
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