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Introduction

Insufficient transport properties may cause cncentration
polarisation to occur in the dedrolyte of lithium-polymer
batteries, limiting the battery discharge performance,
espedaly if solid pdymer eledrolytes(SPE) are used[1].
The transport properties of an SPE-system was previously
studied[2], resulting in a charaderisation method,
determined transport properties and a numerical model
describing the ion transport.

In this gudy, following the previous, the ion transport was
investigated using an in situ spedroscopic method3]. The
salt concentration profile, Cy(x,t), evolving during a
galvanostatic polarisation and a following open circuit
relaxation, was monitored. The experimental results were
compared with the results of the transport model.

Experimental

The dedrolyte mnsisted of a statisticd co-poymer of
ethylene- and propylene oxide (M,~12000 g/mole) with
LiTFS salt corresponding to 0.81 M, i.e. O:Li ratio 25
The dedrolyte was placel in a Teflon cdl, covered with
a glass plate, with lithium metal working(WE) and
counter eledrodes(CE), acarding to fig.1. The cdl was
seared to the sample table of a @nfocd
microscope(Olympus BX40) attached to a RAMAN
spedrometer(Dilor Labram). RAMAN-spedra could be
measured, one point at a time, in a stepwise-sequence,
gtarting close to the WE and moving outwards with 20pm
steps. A Perkin-ElImer PAR 263A was used to
galvanostaticaly(+/-0.5 A/m?) polarise the cdl during one
hour followed by an open circuit relaxation. Cyx) was
determined[3] from the RAMAN spedra recorded during
the polarisation and relaxation.

Model

The maaoscopic mathematicd model, implemented
numericdly, is based on concentrated eledrolyte theory
and employs concentration dependent parameters. The
model and the parameters used are described in detail in
ref.2. Inthis gudy the model of case 3 was used.

Results

To edtablish a cdibration curve RAMAN spedra for
samples with different salt concentrations were recorded.
A linea relation between the normalissd RAMAN
response and the TFS™ concentration was obtained from
0.1to L5 M.

The oncentration pdarisation in the dedrolyte was
investigated for both oxidising and reducing currents.
Cq(xt) could be cdculated from the spedra recorded at
different times. It was observed that C; at the WE surface
dropped rapidly from 0.81 to 055M a&fter one hour
reduction a 0.5 A/m% Interestingly, the mncentration
change & the eledrode was larger when an oxidising
current was applied, then Cs changed from 0.81 to about
1.2M. This observation is in line with previous results,
showing that the transport properties experience strong

concentration dependence

The results were compared with simulations using the
model. The model showed good agreement, as depicted in
fig.2, when the parameters previoudy determined were
used. This means that the model can be used to acaartely
predict the behaviour of the eledrochemicd behaviour of
the dedrolyte.

Confocd RAMAN-spedroscopy proved to be a powerful
too to study the behaviour of an SPE in situ. It
complements electrochemical studies. With some
modifiadions to the model it may be used to describe gel
eledrolytes. Then a similar methoddogy could be
employed to study such.
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Figure 1. Experimental setup for polarisation experiments
with RAMAN spedroscopy measurements.
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Figure 2. Cy(x,t) determined from RAMAN-
spedra(symbals) and simulations(lines) at different
distances from the WE: O pm((0;—), 20 um(e ;- -),

40um( A;—), 60um(x;—-).
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