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Introduction

Room temperature 1onic liquids (IL¢) that consst of organic cations
and inerganic anions find  increasing  interest in lithium
electrochemistry since they possess many desirable properties like
good thermal and chemical stability, low flammability, negligible
vapor pressure, high ionic conductivity and wide electrochemical
window [1,2] Poly(ethyleneoxide) (PED) based solid polymer
electrolytes are one of the most promising materials for application in
rechargeable lithium metalfion polymer batteries due to their good
thermal properties and interfacial stability with the Li electrode.
However, their wide range application is hindered by the low room
temperature ionic conductivity. In order to overcome this limitation, a
promising approach being studied intensively in recent wears is to
incorporate an IL in such polymer matrices so as to transfer the
benefits of ILs to polymer electrolytes [ 3],

Experimental

PEO ({Aldrch, Mw=2x106) and Lithinm  bis(trfluoremethane
sulfonyljimide (LiTFST) {Aldnch) were wacuum dned prier to use.
The ILs: were 1-butyl-3-methylimidazolium bis (tnflucromethane
sulfonyl)imide (BLIWTEST, 1-tutyl-3-methylimidazolivm
tetraflouroborate (BMINMBE) and 1-butyl-3-methylimidazolium
tnfluromethaneslfonate (BMIMCTE;S) were syntheszed by
reported procedure. The PEO.-LiTESI electrolyte was made by
blending PEC corresponding to 20 EC units and 1 mole of L1 salt. For
preparing the electrolytes containing ILs, 100 wt% of PEO-LiTFSI
was blended with 80 wit% of the IL. The ingredients were blendedin a
ball mill at 100rpm for 1Th andthen hot pressed at 100°C for 30 min to
get a homogenous thin electrolyte film.

The 1onic conductivities of the polymer electrolytes were meamired by
the AC impedance method using 33 Swagelok cells with an W6
frequency analyzer in the range 25-80°C. The measurements were
carried out over the fequency range of 100mHz to 2WHz The
interfacial resistance of the electrolytes on Li metal was measured
with the electrolyte sandwiched between Li electrodes ower the
frequency range 10mHz to 2MHz, Electrochemical stability window
of the electrolyte was determined by linear sweep voltammetry (L3V)
in  Lifelectrolyte/33 cells at the scan rate of ImVis  Cyclic
voltammetry (CV) of the electrolyte sandwiched between Li
electrodes was measured at a scan rate of 1lm'Vis between -1 and+17V.

Results and discussion

The incorporation of 30 wit% of BWIMEF4 and BMWIMCEF:S0s in 100
wt% of PEOy-LiTFEFSI resulted in free standing films wath handing
strength, whereas the film containing the same quantity of BWINMTEF 3T
was more tacky and difficult to handle. The wvariation of ionic
conductivity with temperature for the PEOy-LiTF3I electrolyte as
such and after blending with the three ILs 15 presented in Fig.1. The
incorporation of all the ILs resulted in enhancdng the ionic
conductivity and the effect was more proncunced at lower
temperatures. At 25°C, the enhancement in tonic conductivity was by
about 2 orders of magnitude compared to the system without IL. The
effectiveness of the three ILsin enhancing the room temperature ionic
conductivity  of PEO  electrolyte  was in the  order
BIWIMTFSI>BWIMEE,>BWIMCF;30;. The highest value of ionic
conductivity at 25°C was 3.2z107" Sicm, obtained with the
incorporation of BWMIMTFEIT in the electrolyte.
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Cyclic voltammogram of all the three IL-incorporated PE Oy -LiTFSL
systems showed the presence of anodic and cathodic peaks at ~0.5V
and -0.5V, respectively. The peaks were seen to be well -defined with
good reversibility in repeated cycles, compared to the redox peaks
cbserved for the system without IL. The interfacial resistance
comparizon showed that the system with BWIWTFEST had a much low
interfacial resistance, less than half of that shown by the electrolyte
without IL. The BWIMBF, system exhibited the highest interfacial
resistance, probably due to the less permeable solid interface formed
on the electrode because of the highly reactive HF that is invariably
present along with (BFy) anion. The performance of BMIMCF3C;s
systemn wasintermediate compared to that of the other two Ils.

The electrochemical window of the electrolytes was studied by L3V
and the results are shown in Fig 2. Compared to PEOyy-LiTFI, all the
electrolytes containing the IL had lower dissociation voltage. Among
the three systems with IL, the order of electrochemical stability being
BMIMTFSI=BMIMCE 30:>BMIMEBF,. Still, al the systems had
stability =45V wersus Li, thus demonstrating their sitability in
lithivm batteries.
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Fig. 1. Variation of ionic conductivity with temperature for the
polymer electrolytes with and without tonic lgquids
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Fig.2. Electrochemical stability companson of the

electrolytes with and without 1onic liquids

polymer

Conclusions

The effect of incorporating three room temperature lonic liquids
namely BMDMTEFSL, BMIMBEE, and BMWMDICFESC; in the solid
polymer electrolyte PEOL-LITF ST was studied for ionic conductivity
and electrochemical properties. A1l the ILs enhanced ionic
conductivity, and the effect was more at lower temperatures. The
electrolytes had good electrochemical stability. BWIMTFST was found

to give the optimum results with a reduced interfacial resistance.

References

[1] B. Garcia, 3. Lavallee, G Perren, C. Michet and WM. Armand,
Blacirochimica dcia. 2004, 40 4583,

[2] P.C. Howlett, IN. Brack, A F. Hollenkamp, M. Forsyth and D.R.
WacFarlane, J. Blecirochem. Soc. 2006, 153 (3), A555

[3] T-H Shin, W A Henderson and 3. Passerini, J. Blectrochem. Soc.
2005, 152 (5), AYTE



