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Introduction

Usualy eledrochemicd impedance of porous battery
eledrodes is measured using a reference eledrode
positioned between the working eledrode and the counter
eledrode (r.e. 1). Inthiswork areference dedrodeisaso
placeal at the back of the electrode (r.e. 2) measuring the
potential perturbation at the badk. As usua the potential
perturbation is controlled against r.e. 1. By dividing the
measured paentia perturbations with the total current,
two impedances may be measured, one & the front and
one & the badk. The aditiona impedance provides
interesting information abou both porous charader, e.g.
potential distribution and electrochemicd readions in the
eledrode.

Theoretical model

The method used in ref.1 can be used to derive
expressons for the impedance measured withr.e. 1
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and the impedance measured with r.e. 2
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Foack = Ak sinh(AL) * Ak,

where A is expressd as
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and L is the dedrode thickness Z,. is the locd
impedance function and Ky and K, is the conductivity in
the solid and liquid phase respedively (the other
parameters with the same meaning as in ref. 1). By

forming the diff erence between these two expressons the
differential impedance, Zg, may be defined.

Ziitt = Ziot ~ Zpack
Results

Impedance spedra was smulated, for areadion involving
diffusion coupled to a dharge transfer readion and varied
effective conductivity in the liquid phase ad infinite
conductivity in the solid phase, Figure 1 (other parameter
values typicd for the system). The impedance 4 the front
and the back becomes more different the more porous
(lower conductivity) the electrode is. Thus, the method
gives a graphical representation of the porous charader of
the dedrode, Figure 1.

A magjor advantage of the method is the dea influence of
solid phase conductivity on Zgg. In Figure 2, -Zgg is
plotted for different ratios between solid and liquid phase
conductivity. It can be seen that for increasing influence
of the solid phase cnductivity, -Zgx becomes negative a
low frequency and when the conductivities are equal the
entire aurve is flipped. Thus from the study of Zy¢ it is
posshle to estimate influence of solid phase mnductivity.

A normal fitting procedure may be used for parameter
determination and it is believed that this method
fadlitates the determination of solid and liquid phase
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conductivity and gve stronger test on the mrredaness of
the locd impedance expresson.

Figure 3 shows the experimentally obtained dfferential
impedance from a porous lithium battery eledrode &
different temperatures. The dedrolyte @nductivity
deaeases with deaeasing temperature whereas the solid
phase conductivity is amost constant. Thus, the relation,
Ku/KL incresses with deaeasing temperature. As seen
-Zgf 1S negative at high temperatures indicaing a solid
phase cnductivity within the same order as the liquid one
whereas at low temperature where Ky/K, islarge, -Zg IS
positive in agreement with Figure 2. The low frequency
behaviour of —Z4 cannot be fully explained but could be
related to a mass transfer limitation in the porous
eledrode.
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Figure 1 Simulated impedance spedra & the front and the back
of the dedrode for two dff erent effedive cnductivities.
--K,=0.2 Sm", = k, =0.02 Sm™.
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Figure 2 Simulated impedance spedra & the front and the back
of the dedrode for diff erent relations between conductivity in

liquid and solid pheses. - — -k, /k = inf,— K, /k = 10,
——K,/K=1
8 ——
0.76mHz 076 mHz___ |5
c 6 N NN N
-~ I N N TL 20
—~ N T N N T o
£4] TESTT 84 0.06 Hz / |15
Nol da¥ de § 99 477 Hz \ 10
E N4 5
Y N A 0
0 2 4 6 8 10 12 14 1690 100 110 120

Re(Zyifr) 1 Q
Figure 3 Differential impedance calculated from measurements
onaporous lithium battery eledrode. Measurements were run at
four diff erent temperatures, 54.4°C, 26.6°C, 13.3°C and -0.9°C
going from left to right in the figure.
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