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Abstract

Thermal behavior of the lithium-ion cell using LiCoO, has been investigated at overcharged state by accelerating
rate calorimeter (ARC), DSC, TG, and XRD measurements. The ARC measurement study of test cells showed
that the self-heating rate below 170 C is drastically increased after charged to 50 V. The results of ARC mea-
surement for each positive and negative electrode of disassembled cell overcharged to 50 V suggest that this
destabilization was caused by new exothermic reactions of LiCoO, positive electrode. The peak of self-heating
rate was observed at 95 C and 140 C. From DSC results, the exothermic reaction was found to be appeared af-
ter charged above 4.7 V and 4.6 V vs. Li/Li", respectively. It was also found from XRD, DSC, and TG results that
the first exothermic reaction is caused by the crystal structure-change of CoO, from hexagonal phase to cubic

phase, and the second exothermic reaction is by the decomposition of electrolyte on the surface of LiCoOs,.
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Fig. 1 Overcharge characteristics of lithium-ion

cell using LiCoO, positive electrode at current of
900 mA to 12 V at 25 C.
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Fig. 2 Change in cell temperature during ARC
measurement for lithium-ion cell charged to cut-off
voltage of 4.25 V.
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Fig. 3 Change in the self-heating rate for lithium-
ion cell charged to different cut-off voltages of (a)
425V, (b) 4.40 V, and (c) 5.00 V.
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Fig. 4 Change in the self-heating rate after
charged at 450 mA to cut-off voltage of 5.00 V at
25 °C for lithium—-ion cell. (a) cell, (b) positive elec-
trode, (c) negative electrode.
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Fig. 5 DSC profiles for the Li,_,C00, electrodes
charged to (a) 4.3 V vs. Li/Li" (x = 0.52 in Li,_,
Co00,), (b) 4.5V (x = 0.66), (c) 4.6 V (x = 0.80), (d)
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Fig. 6 DSC profiles for the LiCoO, electrodes
charged to 5.5 V vs.Li/Li" with electrolyte (a) and
without electrolyte (b). Electrolyte was removed by
rinsing an electrode with DMC solution and dried
under vacuum atmosphere at room temperature.
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Fig. 7 Change in the overcharging potential for
LiCoO, positive electrode at a current density of 1.0
mA cm?to 5.5 V vs. Li/Li" at 25 °C.
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Fig. 8 XRD patterns of LiCoO, positive electrodes
after ARC measurement of lithium-ion cells charged
to 5.0 V: The maximum temperatures elevated on
ARC were as received (a), 120 C (b), 150 C (c),
and 400 C (d).
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Fig. 9 TG profiles of active material mixtures
charged to 5.5 V vs. Li/Li" for LiCoO, positive elec-
trode.
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