AN AC IMPEDANCE SPECTROSCOPIC STUDY
OF LixCo0O, AT DIFFERENT TEMPERATURES
F. Nobili, R. Tosdci, R. Marasd
Dipartimento d Scienze Chimiche, Universitadi
Camerino, 62032 Camerino, Italy

F. Croce, B. Scrosati
Dipartimento d Chimica Universitadi Roma“La
Sapienza”, 00185 Roma, Italy

For over ten yeas LiCoO, has been used as positive
eledrode material in commercial Lithium-ion batteries.
In spite of the large number of experimental and
theoretica papers * that appea regularly in the literature
on LiCoO, and, in general, on the other members of the
family Li.Ni;.,Co,0,, a debate is dill open on the
eledronic oconductivity, eledronic structure, phase
transitions and on their effed and on the eledrochemica
performances. The literature data® > ° leave no daubts
about the existence of a drastic change of the dedronic
conductivity occurring a the ealy stage of lithium
deintercdation and caused by an insulator to metal
transition. In the ase of LiCoO,, thetransition has been
proposed to be responsible for the existence of a two
phase region between the Li concentrations of x = 0.93
and x = 0.75.% The drastic change in resistance caised by
the insulator to metal transition must necessary be
refleded in the impedance dispersion. However, the high
impedance values’ at the beginning of the deintercaation
are ather discarded on the assumption that the dedrodes
are blocking’ or attributed to the charge-transfer
resistance Hence the effects of the insulator to metal
transition are underestimated. This may have been
favored aso by the fad that the fully intercdated phaseis
believed to be difficult to restore during discharge after
the first deintercdtion.

In recent papers®'? the AC impedance of compounds
of the series LiCoyNiy.,O, have been studied with spedal
attention to the ionic and electronic conductivity. It was
found that the large variation in the conductivity in the x
range between 1 and 0.9 is clealy refleded by the AC
spedra dso in cycled eledrodes. The inclusion in the
equivalent circuit of an element related to the eledronic
conductivity results in a more redistic picture of the
physicd phenomena occurring during the deintercdation
process

This paper presents an electrochemicd impedance
study (EIS) of LiCoO, e€ledrodes at various
temperatures. Particular attention has been paid to the
study of the temperature dependence of spedra feaures
in order to dscriminate between thermally and not
thermally adivated physical properties.

Figure 1 shows the variation of the parameter, Re,
asciated to the materia electronic resistance, with x at
the different temperatures, as deduced from the
simulation. As may be seen Re falls by about three order
of magnitude over a narrow X range fromx 01 tox 0O
0.9. Thisis consistent with the trend aready found for the
compouwnds of the family®*® LiNi;,Co,0, . The
corresponding apparent conductivity, computed as
redprocd of R, resembles the one measured in situ using
microarray eledrodes.®

Fig. 2 shows the dharaderistic diffusion time 1 that
can be omputed** from the values of the differential
capadty and Warburg slope (1 = 2[QAw(dx/dE)*])** as
obtained by the fitting program. The daracteristic

* Presenting Author; Email: fausto.croce@uniromal.it

diffusion time is linked to the chemicd diffusion D
(cm?/s) coefficient through the diffusion length (i.e. T =
I%/D). The arve shows that T is maximum a eah
temperature in the proximity of the voltammetric peak.
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