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INTRODUCTION

Recently the problems with safe aspects such as
ignition and explosion are pointed out because organic
solvents are used for the electrolyte for a lithium
secondary battery. Then, we have investigated useful the
ambient temperature molten sat having useful
characteristics such as nonflammability, nonvolatile, and
wide potential window as a lithium secondary battery
electrolyte from a view point of safety*®. We aso
reported that the binder-free carbon electrode operated
well as the negative electrode in the AICls-1-ethyl-3-
methylimidazolium chloride (EMIC)-LiClg + SOCIl, melt
electrolyte?.

In this study, we evaluated the possibility of the non-
flammable lithium secondary battery with the ambient
temperature molten salt electrolyte by examining the
performance of LiCoO, positive electrode in the melt.

EXPERIMENTAL

AlCI:-EMIC met was prepared by mixing EMIC with
anhydrous AlCl; of the predetermined molar ratio below 60°C.
The melt was purified by immersing Al wire into the melt for
one week at room temperature. Excessive anhydrous LiCl was
added to the melt. The LiCl saturated melt was tirred at room
temperature for 24 hours, and a smdl quantity of SOCI, was
added to the melt and stirred for Six hours.

LiCoO, dectrode was prepared on a Mo sheet by coating
the mixture of LiCoO,, AB, and PVdF with 82:10:8 in 1-
methyl-2-pyrrolidone (NMP). Electrochemica experiments
were carried out by using athree-electrode cell. The pressed Li
foil on Ni mesh current collector was used as a counter
electrode and areference e ectrode.

All experiments were curried out in adry Ar amosphere
glove box at room temperature.

RESULTSAND DISCUSSION

In the cyclic voltammoglam(C. V.) of LiCoO, dectrode
in the AICI;-EMIC-LiCl4+SOCl, mdt, the oxidation and
reduction waves corresponding to the eectrochemical
intercalation / deintercalaion reactions of Li* were observed at
35~42V(vs. Li"/Li), and it suggested that the LiCoO,
electrode operated well in above melt. In charge and discharge
operation examinations, the discharge capacity was about
120~130mAh/g and the coulombic efficiency maintained
more than 93% during ten cycles In addition, we aso
understood that the potential and capacity of LiCoO, dectrode
put into the melt electrolyte under 5 10°mmHg were higher
than under the amosphere. Next, we examined the influence
of the composition of acidic melt (50mol%< concentration of
AICl; in AICI-EMIC mdlt as addition = 66.7mol%,) on the
electrode characteristics. The difference was not seen in the
discharge capacity and the coulombic efficiency, but the
eectrode potentid in the eectrolyte of 66.7mol%AICI; melt
was the highest in the case of current density 1.0mA/cn’
(equivalent to 1C) as shown in Fig. 1. The concentration of Li*
in this melt becomes high with increasng concentration of
AICl5 in the AICI-EMIC mdlf?. Therefore, we carried out C.

V. measurement of LiCoO, in various melt compositions. The
cathodic current pesks corresponding to Li* intercalation
became high with increasing the concentration of AICl; in the
melt as shown in Fig. 2. Because the viscodty of this
eectrolyte became high with increasing the concentration of
AICl; in the mdlt, it was thought that Li* intercalation reaction
(discharge reaction) rate becomes dow. However, in this
eectrolyte, a reverse result was obtained. In the case of this
melt, it was thought that the intercalation reaction of Li* was
strongly influenced by the concentration of Li* than properties
of the melt.

From these reaults, it was finaly known that higher
current density was obtained at the pogtive dectrode, if the
melt with higher concentration of Li* was used.
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Fig. 1 Charge and discharge curves of LiCoO,
electrode in various composition melts of AlCls-
EMIC-LiClg +SOCl, (257C).
C.D.: 1.0mA/em?(1C)
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Fig. 2 Cyclic voltammograms of LiCoO, electrode
in various composition melts of AICI;-EMIC-
LiClg +SOCI, (257C).
Scan rate : 0.5mV/s.



