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INTERFACIAL STABILITY OF LITHIUM IN
NON-AQUEOLUS GEL POLYMER
ELECTROLYTE CELLS

PSS Prasad. B B Owens and W H Smyrl
Corrosion Research Center. Dept. of Chem. Eng. & Mat. Sciences
University of Minnesota, Minneapolis. MN - 55455, USA

Alessandro Selvaggi and Bruno Scrosau
Department of Chemistry
University of Rome, Rome, ltaly

Solid polymer electrolytes (SPE) prepared by crosslinking
non-aqueous gel polymer precursors in dimethyl sulfoxide-lithium
salt media were investigated by a.c conductivity measurements.
These matenals exhibit an ionic conducavity of about 10-3 S/cm at
25 0C. Electrochemical cells of the type L/SPE/L:1 and LUSPE/M
where M = Ni. Al & SS were fabricated. Cyclic voltammograms
on the asymmetric cells indicate that the electrolyte decomposition
potential 15 about 3.6 volts. The shape of the repeutive cyclic
voltammograms within the stability domain indicated that the
lithtum plating/stripping process 1s more efficient in the case of
LYSPE/Ni & LI/SPE/AI than LI/SPE/SS asymmertric cells.

The a.c impedance measurements on symmetric LUSPE/Li
cells exhibited two well defined semi-circles with three intercepts
on the real-axis. The observed increase in impedance with time was
indicative of passivating film formaton at the interface. The growth
of the film stabilized at a finite value. permitting lithium cyclabiliry.

INTRODUCTION

The investigation of solid polymer electrolyte rechargeable
batteries was directed towards three types of materials that are
classified as (a) Plasticized salt polymer electrolytes (b) Mixed
polymer electrolytes and (c) Lithium non-aqueous gei electrolytes.
Of these three categories, solid polymer electrolytes prepared by
cross-linking non-aqueous gel polymer precursors in dimethyl
sulfoxide-lithium salt media were found to exhibit a high ionic
conductivity of 3.3 x 10-3 S/cm at 25 °C, with good thermal
stability over the temperature region -100 to +200 °C. Preliminary
results on conductivity measurements in the latter material (SPE)
and the performance of the electrolyte in a L/SPE/V 0 3 cells were
already reported {1]). On charge-discharge cycling, the coulombic
efficiency initially increased with cycle number, but suddenly
decreased to a low value at the 10 th cycle. This was attributed to
one of the following possibilities: (a) utilization of a low
conducting (PEO)g-LiCF3SO; electrolyte phase in the preparation
of the composite cathode: (b) instability at the interface due to
possible formation of multiphase electrolyte compositions; (c)
growth effects of a passivating thin film at the solid polymer
elecrolyte/electrode interface.

Hence the present study evaluates the electrochemical
stability domain of the SPE, the stability of the SPE in different
electrode configurations. passivating film growth at the
electrode/electolyte interface, stability of the interface with time
and the stability of the elecrolyte in terms of degradation into
poorly conducting compounds. Cyclic voltammomewic and a.c
impedance measurements were performed on different types of cell
configurations and the results were related to the interfacial stability
of lithium 1n non-aqueous gel electrolytes.

EXPERIMENTAL

The electrochemical cells were fabricated in a dry room with
less than one percent relative humidity and carefully ransferred to
an argon gas dry box. Both sealed and unsealed cells were
fabricated to test the dry box atmosphere effect on the
electrochemical properties. Impedance measurements were
performed in the frequency range 10 mHz-1.0 MHz using a
Solatron 1260 impedance gain/phase analyzer instrument controlled
by an IBM PC/XT computer. An EG&G PARC model 175
universal programmable sweep generator. a model 173 constant
potendostat/galvanostat source and an X-Y recorder were used to
perform cyclic voltammometric experiments.
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[MPEDANCE MEASUREMENTS

The solid polymer elecaolyte was placed betueen ditferent
tvpes of metallic electrode disks  and elecmcal conductiv:ity
measurements were performed to determine the stapiuity of rhe
electrolyte. The elecoolyvte was found t0 be stabie in symmetnc
cells of the type M/SPE/M. where M = N1, Al or SS :stainless
steel). When M was lithium, growth of a passive film =aas
observed.

In the case of th2 asymmeTic 2l LySPE/N:, thium
deposition on nickel was observed from the nature of the vanation
of the impdedance plots with nme. The components of the
impedance such as double layer capacitance and charge :ran-fer
resistance were considered in deterruning the vajue of :ne Sulk
¢electolyte impedance.

Figure 1 shows the impedance plot of the SS,SPE.SS cell
soon after fabrication. Fig. 2raj shows the corresponading
impedance plot of a fresh LI/SPE/Li cell. There are two distinct
semi-Circles with the bulk electolyte resistance centered at 600
ohms and the interfacial resistance at 900 ohms. Arter 24 hours. the
measured impedance as shown in Fig. 2(b) shows a very similar
behaviour with the bulk electrolvte resistance centered at 2600
ohms and the interfacial resistance increased to 2200 ohms. A
distinctively observed difference 1s the nature of the semu-circle. In
Fig. 2(a), both the semi-circles are symmetmncal with approximately
the same radius. After 24 hours, the semu-circle due 1o the double
layer capacitance & interfacial charge wansfer resistance increases
by two times indicating that there 1s predormunantly an increase in
the interfacial resistance thus indicaung the formanon of a passive
film. Impedance plots recorded after 48, 96 and 200 hours
indicated that the interfacial resistance stabilized at an intermediare
value, with no further effect on the narure of the impedance plot
The experimentally determined buik and interfacial resistances were
plotted against ume (Fig. (3a)). Fig. 3(b» shows that the bulk
electrolyte resistance remained almost constant with ume in the
SS/SPE/SS cell of Fig. 1.

CYCLIC VOLTAMETRIC MEASUREMENTS

Additional details about the interface charactensucs and
electrochemical decomposition potennal of SPE were obtained from
cyclic voltammetry. The observed results were refated to the kineuc
and thermodynamic processes that occur at the electrode/electolyvte
interface. The redox scan in the potenual region -4.0 to +4.0 volts
Vs Li/Li* was obuined for a Li/SPE/SS asymmewmnc ceil o
determine the active cathodic and anodic potenual regions of the
clectrolyte. The lithium redox process was observed over the -
0.4/+0.4 volt region. The evaluaton of this plaung/s:r:pping
process at various sweep rates indicated the most appropnate rate at
which the electrode kinetics marched with the sweep rate. A 1.0
mV/s sweep rate cyclic voltammogram in the potenual range
-0.4/+2.2 volts vs Ly/Li* performed on the above cell is shown tn
Fig.5. A second oxidation/reduction peak of unknown
clecoochemical species was observed at about 1.5 volts (anodic)
and 0.8 voits (cathodic). The elecrochemical process seems 10 be
controlled more by electrode kinetics than by thermodynamic
aspects.

A cyclic voltammogram was recorded to determine the ~———
electrochemical window and the decomposiion potential of the
,_*..._.

elecrrolyte. Fig. 6 shows the extended region of Fig. 4. where two
major peaks were encountered in the curve. indicative of an
electrochemical parasiuc reaction of the electrolvie with fresh |
deposition of lithium. The second one indicates a partial i
decomposition phenomena occunng at a potennal somewhat higher
than 3.6 volts vs Li/Li*. The reverse scan was atfected by ~
decomposition products and hence could not be analvzed
However, the electrochemical window extended to 3.6 voits +s
LVLi* and thus this electrolyte is of interest for applications with
vanous posiave electrodes such as V¢Oy 3, MnOs. CryOg ana T.5»
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CONCLUSIONS

The relauonship between cyclic behaviour 1n an

electrochemical cell and the lithium on stability, both 1n the bulk
solid polymer electrolyte and the metal/electrolyte interface has been
investigated. In the case of a thin film lithwum/SPE battery. the
overall interfacial impedance may be expected to provide a larger
conmbution to the overall battery impedance than that of the bulk
electrolvte.

The authors wish to acknowledge the financial support of
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Fig. 1 : impedance plot of a iithium non-aqueous gel
electrolyte in SS/SPE/SS cell configuration at 25 °C.

2500
2000
1500 |-

(2a)

i 1 i A

0 1000 2000 3000 4000
REAL (ohms)

5000

1500
1000 o ‘o.
500

A n i A A A

0
0 1000 2000 3000 4000
REAL (ohms)
Fig. 2 : (a) impedance plot of ithium non-aquecus gel
electrolyte In the LUSPE/LI cell conflguration st 25 °C
soon after fabrication and (b) after 24 hours.
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Fig. 3 : Variation of bulk & Interfacial resistance with
time in (a) LI/SPELI cell and (b) SS/SPE/SS cail.
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Fig. 4 : Cyclic voltammogram of the lithium non-aqueous
gel polymer siectrolyte In a LI/SPE/SS cell configuration.
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Fig. 8 : Cyctic voitammogram of the lithium non-squeous
gel electroiyte, in the extended potential region of Fig. 4.




