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Lithium-ion cdls have receved international focus as a
potential means of power storage for eledric and hybrid
eledric vehicles. Applicaion of these céls to dverse
vehicle scenarios requires that acarate eledrolyte
properties be known under a wide range of conditions.
Typicd eledrolyte systems utilized within lithium-ion
batteries are those having one or more grotic organic
solvents and a single lithium salt.

A predictive model for non-aqueous battery eledrolytes
has been developed based on the chemicd physics tied to
ion-ion and ion-solvent interactions. Such interadions are
considered within a framework that incorporates pertinent
chemicd, physicd, and colligative cntributions of the
various gedes. The framework used herein is the
exponentially modified mean sphericd approximation
(EXP-MSA), a moleaular model that has been used with
good successin predicting properties of agueous and non-
aqueous eledrolytes (Gering, 1989 Gering and Lee
1989 Gering et al., 1989, and is currently being used to
predict properties of battery eledrolytes for the DOE-
ATD program (Gering, 200062002). MSA, in origina or
modified forms, has been considered by severa
investigators to describe nonided solutions (Simonin and
Hendrawan, 2001, Zerres and Prausnitz, 1994 Lu et a.,
1993 Shenget d., 1993 Varela, et al., 2000).

The basis of the EXP-MSA model is moleaular theory
that describes pair-wise interadion potentials of charged
spedes within a dieledric medium, which can be gplied
to eledrolyte mncentrations ranging from infinite dilution
to saturation limits. Three pair-wise interadions are
provided by EXP-MSA (long range, hard sphere, and
short range dedrostatic) which colledively yield an
acarate picture of norrided solution behavior. This
model overcomes limitations of the Debye-Huckel model
(ssmple and extended forms) and requires less supparting
data than the Pitzer correlation. The EXP-MSA model is
the foundation for predicting activity coefficients, osmotic
coefficients, solvation numbers, various thermodynamic
properties, and can additionally describe phase equilibria
of solid-liquid phases (solubility limits) as well as liquid-
vapor equili bria (e.g., vapor pressures).

The dfeds of non-agueous lvents on eledrolyte
properties are asssxd within the EXP-MSA model by
considering the solvation behavior of such solvents. This
is acomplished through a novel correlation based on
solvatochromic parameters of solvents (Gering, 1989,
which gves the average residence time of a poar solvent
around a given cation, thus yielding information regarding
preferential solvation. Solvent properties incorporated by
this correlation include the normalized solvent polarity
parameter, the polarity index, and the dieledric constant.

Eledrolyte viscosity is estimated using an “equation of
state” for eledrolyte viscosity recently developed
(Gering, 200020®@2), which is based on the cemicd
physics of ion solvation and the effects of the dedrostatic
field on solvent orientation. Additionally, the occurrence
of ion pairs and triple ions is asessed. Contributions

from predicted solvated ion sizes, eledrolyte viscosity, and
ion association are used in cdculating key performance
parameters such as electrolyte cnductivity and ion
transference numbers.

Predictions cover ranges of temperature and composition
foreseen for vehicle systems utilizing lithium-ion cdls.
Generally, this includes temperatures ranging from —30 to
60 °C and sdt concentrations up to 15 molar.
Comparisons between model predictions and laboratory
data for the systems PC-DME-LiClO4 and EC-EMC-LiPFg
show there is excdlent agreement between predicted
values and laboratory data for wide ranges of temperature,
sat  concentration, and solvent compaosition. This
predictive caability allows eledrolyte properties to be
evaluated for systems not yet investigated in the laboratory
or for which there isinconclusive or incomplete data.
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