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Effect of Operation Mode of Li-ion Cell on Growth
of Surface Film on Carbon Materials
for Negative Electrode
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Abstract

Effect of the operation modes of charge/discharge cycling and constant potential charging of Li-ion cell on the
surface film growth on graphite and graphitizable-carbon materials for negative electrode has been investigated
by using ion chromatography, SEM, XPS, and measurement of change in electrode-thickness. The following
phenomena were found by ion chromatography analysis of the residual lithium of the surface film on the fully
discharged carbon materials after such operation : (1) the residual amount of lithium was increased with elapsed
period for both operation modes, (2) the amount of lithium was remarkablly increased on charge/discharge
cycling mode rather than on constant potential charging mode, and (3) the amount of lithium for graphite on
charge/discharge cycling mode was larger than that for graphitizable-carbon. Furthermore, SEM observation and
XPS analysis indicated that the surface film on graphite negative electrode after charge/discharge cycling was
thicker and harder than that of after constant potential charging. These results were supported with the above
results by chemical analysis. The growth of surface film on graphite material by charge/discharge cycling mode
seems to be attributed to the acceleration of the film-reformation by the renewal surface exposed to electrolyte

by the repetitious expansion and shrinkage of its active material.
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Table 1 Accuracy of Li quantitative analysis by ion
chromatography measurement.

LiCl Li2COs  CH3OLi
Li concentration / mg/I 5.00 5.03 5.13
Error / % 0.0 0.6 2.6
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Fig. 1 Surface film growth for graphite negative
active material as a function of test time under
the condition of charge and discharge cycling with
different cut-off voltage of O 2.0 V vs. Li/Li*, &
0.25 V vs. Li/Li* or constant potential charging at
0.01 Vvs. LI/LI" (@) .
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Fig. 2 Surface film growth for graphitizable-carbon
negative active material as a function of test time
under the conditions of charge and discharge
cycling with different cut-off voltage of O 2.0 V vs.
Li/Li*, & 0.25 V vs. Li/Li* or constant potential
charging at 0.01 V vs. Li/Li* (@) .
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Fig. 3 SEM images of graphite negative electrode
surcafe after (a) initial cycling, (b) constant potential
charging, and (c) charge/discharge cycling.
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Fig. 4 XPS spectra of C1s of graphite negative
electrode surcafe after (a) initial cycling, (b) constant
potential charging, and (c) charge/discharge cycling.
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Fig. 5 The growth of surface film as a function of

charging cut-off potential for (a) graphite and (b)
graphitizable-carbon negative active material.
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Fig. 6 Change in electrode thickness for (a)
graphite and (b) graphitizable-carbon negative active
material at different charged state.
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