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To better understand and model limitations in the
electrolyte phase of Li ion batteries, reasonabterates
of the concentration dependent transport propeofigbe
electrolyte becomes imperative. One commonly used
electrolyte is LiPE in EC:DEC (1:1 by weight).
Unfortunately, the complete set of concentration
dependent transport properties for this electroigt@t
available in literature. Stewart and Newrhaneasured
the salt diffusion coefficient (using UV Vis abstign)
and the conductivity as a function of concentratfon
this particular electrolyte. However, the diffusion
coefficient was measured between 0.2 M and 1 Mcared
has to extrapolate the values beyond this rangso A
their study the experimental error bar for the wdifbn
coefficient for 1 M is approximately an order of
magnitude. To establish a consistent and compséreen
set of transport properties, in this study, a austd-Li
symmetric diffusion cell was designed to measur th
transport properties using restricted diffusion and
galvanostatic polarization.

According to Onsager reciprocal relations, there ar
n(n-1)/2 independent transport properties, wheres the
number of species in the electrolyte. If the sofvaixture
(EC and DEC) is treated as a single species, thebau
of transport properties become three: (a) condigtith)
salt diffusion coefficient; (c) transference numbén
addition to these three properties, the salt agtivi
coefficient (which is a thermodynamic property) cals
needs to be measured. The salt diffusion coefficéenl

the transference number determine the concentration

gradients that forms under polarization whereasstie
activity coefficient determines the concentration
overpotential resulting from the gradient.

To measure the Diffusion coefficient using reseitt
diffusion, constant current was passed for certain time,
which resulted in a build up of a concentration digat.
Current was then stopped and cell potential medsdueing
this open-circuit relaxation period. Chapman andvierf
have shown that at long relaxation times the slafda V vs.
time curve is a straight line, which is proportibt@athe salt
diffusion coefficient at that particular electradyt
concentration. The procedure was repeated for réiffe
electrolyte concentrations and at different poktign times
to check for reproducibility. The experimental riégsuof
diffusion coefficient (D) values obtained usingtrited
diffusion are shown in Figure 1. These values agbdr
by one to two orders of magnitude when comparethta
available in literature.

To crosscheck the D values obtained, reference
electrode experiments were performed. Progressfon o
concentration wave and time it takes for it to hedloe
reference electrodes depends on D values. Modéhiag
concentration profiles confirmed that results atedi by
the reference electrode experiments were consigtiht
restricted diffusion experiments. Limiting current
experiments were also performed to validate thebarm
obtained by restricted diffusion. In a limiting ocemt
experiment, cell was run at constant current anthen
process, Li+ concentration rises at one electrode a

drops at the other. If current density is high &éinere is
mass transfer limitation (low D values), concembratof

Li+ on one electrode drops to zero and overall cell
potential rises to infinity. These experiments Hiert
validated the D values measured by restricted sliffu
were consistent.

The transference number was measured using
galvanostatic polarization where the cell was [in&af for a
short period of time so that a semi-infinite bouryda
condition was maintained. Open circuit voltage was
measured with time and transference number wasiledécl
using the methodology outlined by Hafezi and Newan
The functionality of the salt activity coefficieas a function
of concentration was obtained using a concentratéh The
cell consisted of two separate chambers that weparated
by a glass frit to prevent rapid mixing of the atelyte. The
concentration in one of the chambers was kept eonsit
2M whereas in the other chamber it was varied itwben
0.2M to 2M. The open circuit voltage was measudehich
concentration and lithium metal was used as thetrelde in
the experiments. Debye-Huckel theory for conceattat
solutions was then used to get the concentratigentdence
of the salt activity coefficient.
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Figure 1 : Diffusion coefficient measurements using restricted
diffusion for LiPFg in EC:DEC (1:1)
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