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OBJECTIVE

The purpose of this paper is to stimulate
thought and discussion in the technical
community on standardization of the
experimental determination of the pertinent
electrochemical properties of solid electrolytes
in lithium batteries. This standardization is
needed for comparison and modeling of solid
electrolytes in a practical lithium battery. The
appropriate electrochemical properties include
transport, thermodynamic, and physical para-
meters that generally depend on concentration
and temperature. While it is beyond the scope
of this work to put forward definitive
measurement techniques for all types of solid
electrolytes, it is hoped that comparisons
between various techniques to examine a
dk+solved binary lithium salt in a dry polymer
solvent will lead to improved understanding and
methodology for examining solid electrolytes.

APPROACH

It is relatively easy to establish a
standard technique for the measurement of the
conductivity of the solid state electrolyte in the
lithium battery. This quantity by itself is not
necessarily indicative of how easily lithium ions
are transported through the electrolyte. The
challenge then becomes how best to quantify the
transport of lithium ions in the solid electrolyte.

For the case of a dissolved binary
lithium salt in a polymer solvent, one can take
an engineering approach by first assuming that
the salt is totally dissociated. An appropriate set
of transport parameters (generally taken as
conductivity, dXfusion coefficient, and cation
transference number) can then be defined using
established solution transport theory, either
concentrated or dilute. A series of experiments
can then be developed by which the transport
parameters can be measured. For the case where
concentrated solution theory is used, the set of

experiments must include a determination of the
salt activity coefficient in the polymer.

The dilute solution theory is much easier
to implement, but there is ample evidence that
for many cases the polymer electrolyte is not
thermodynamically ideal, and that the transport
parameters are a strong function of con-
centration. One example of a concentrated
solution theory approach is outlined in the work
of Newman and Doeff, and will be presented in
this workshop. While not always simple, these
techniques are usually designed to not require
unique diagnostic equipment. A particularly
appealing quality of this approach is that it
produces parameters that can be directly utilized
in an electrochemical model of the electrolyte in
a practical lithium battery.

A concentrated solution transport theory
can be developed for any initial assumption of
the chemical state of the binary lithium salt in
the electrolyte (e.g., degree of dissociation and
ion paring), but the complexity of the model and
the number of parameters rise dramatically with
the number of species. This level of complexity
is not usually pursued since for most electrolytes
accurate knowledge of its chemical state is not
,available and is not needed as long as all the
species are in equilibrium. The assumption of
equilibrium is usually valid in liquid electrolyte
systems but may break down in polymer
systems, where the time constants to attain
equilibrium could be much longer.

A more basic approach is to first use one
or more sophisticated probe, such as a
spectroscopic or x-ray technique, to examine the
chemical state of some or all the constituents.
Then, an engineering transport model is

developed based on the information, and
electrochemical experiments are conducted to
obtain the desired parameters. An even more
involved approach is to use the probing
technique for examining the transport of the
lithium ions in the polymer electrolytes. These
methods, some of which are presented at this



* ,.* workshop, contribute valuable information on
the chemical state of the lithium ion, as well as
its transport through the polymer. While these
techniques are more open to interpretation, they
should prove to be the best way to fully examine
the mechanisms for lithium ion transport.
Another important approach, not considered
here because it is more theoretical than experi-
mental, is ab initio molecular dynamic studies
on the solid electrolyte.

ACCOMPLISHMENTS

At Argonne, both basic and applied
approaches to making transport measurements
on solid electrolytes are being pursued, as well
as a significant effort in molecular dynamics
simulations. The Electrochemical Technology
Program at Argonne is working with 3M
Corporation and Hydro-Qu6bec in support of
their effort to develop lithium polymer batteries
for electric vehicles. The transport and thermo-
dynamic properties of the polymer electrolyte
used in their battery were determined over a
wide salt concentration and temperature range
using a combination of electrochemical
measurements.

Following the work of Pollard,
symmetric (Li/polymer/Li) cells were used to
determine the conductivity and diffusion
coefficient with AC impedance spectroscopy.(l)
The AC impedance studies were combined with
concentration (Li/polymerl/polymer2/Li) cell
measurements to determine the transference
number and the activity coet%cient.

The electrolyte transport and
thermodynamic parameters then formed part of a
data set for an electrochemical model of a
lithium polymer cell. The model, similar to the
earlier work of Newman, et al., is used to
examine concentration and current distributions
in the cell in order to determine transport
limitations in the technology.(2) It is also used to
predict the effect of changes in the technology,
such as cell layer thickness, cathode active
material loading, and oxide particle size.

MAJOR TECHNICAL BARRIERS

Even for the apparently simple case of a
binary salt dissolved in a polymer electrolyte,
the number of approaches and techniques to
quantify the lithium ion transport in the solid
electrolyte is large. The more basic approaches,
while critical for understanding the mechanisms
of lithium ion transport in a particular

electrolyte, are not optimal for comparison of
various solid electrolyte systems because of their
experimental complexity. One of the many
engineering approaches to defining and
measuring the transport parameters would have
the greatest chance of acceptance by the
technical community.

Just defining a general procedure will
not be enough. There are a large number of
ancillary issues that need to be considered. As
an example, great care is taken in the electro-
chemical measurements made at Argonne on
Li/polymer/Li cells to exclude the effects of the
solid electrolyte interface (SEI) layers, These
effects can result from transport phenomena in
the SEI layer, physical and chemical changes of
the layer during the passage of current, and
formation of dendrites. In these studies, AC
impedance spectroscopy is used because these
effects can be aggravated by the passage of DC
current. Key to the study is the use of multiple
cells of varying polymer electrolyte thickness to
ensure the measurement of a bulk electrolyte
property.

FUTURE DIRECTIONS

Little has been said thus far on how the
lithium ion transport in polymer electrolytes is
unique when compared to liquid electrolytes.
Examining these differences could be critical to
understanding and characterizing the trimsport
phenomena and key to developing standardized
tests for the system.
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