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Introduction

Gel polymer electrolytes were introduced in the lithium battery technology. Among their
features, the almost total immobility is rather important. Moreover, the gels contain a
solution of cations and anions both of them influenced by electrolytic migration. Therefore,
the transference number of the electroactive ion (for example, lithium ion in lithium
batteries) is fairly below unity. For the PMMA-PC-LICIOs gels we have found the
transference number t; = 0.3 to 0.4 [1,2]. Moreover, we suggested to use the
electrodeposition of cadmium as a model system for the investigation of processes in
negative lithium electrodes. The aim of this paper is the explanation of rapid decay of
current after negative potenetial had been applied on the electrode. The hypothesis was
created that the immobility of the gels prevents any natural convection and only diffusion-
controlled reactions are involved.

Experimental

PMMA-PC based gels were prepared so that a 0.1 M solution of perchlorates (with respect
to perchlorate ions) was used. A series of gels was prepared in which part of cadmium
was substituted by equivalent of lithium salt. The degree of replacement was chosen equal
to 0%, 30%. 50% and 70%.

At the beginning, the impedance spectrum of the system was recorded. Then a
voltammetry towards negative potentials was performed. Finally, the impedance spectrum
was recorded again.

Results and Discussion

The example of voltammetry (in the case of 100% CD gel) is shown in Fig. 1.
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Fig. 1 Voltammetry of cadmium deposition from 100% Cd gel.

Rather fast decay of current at -1200 to -1400 mV is visible there. The impedance
spectrum before and after the cadmium deposition from 100% Cd gel is shown in Fig. 2.
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Fig. 2 Impedance spectrum of a fresh and depleted gel (100% Cd).

The depletion of the gel yields in an increase of series resistance at high frequendies, the
increasing impedance of a R-C loop and in the shift of low frequency diffusion controlled
part of the spectrum to higher impedance values.

For comparison, the impedance spectra of a gel containing 30% CD and 70% Li is given in

Fig. 3.

In comparison to Fig. 2, neither ohmic resistance nor the R-C loop are shifted so
drastically due to the presence of inert lithium salts and to the presence of residual gel
conductivity after removal of cadmium from the surrounding of the electrode.
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Fig. 3 Impedance spectrum of a fresh and depleted gel (30% Cd).

Conclusions

Apparently, the depletion of gel on electroactive species seems unpleasant and may
cause difficulties in lithium gel batteries. This has been studied by numeric simulation by
Newman et al. [3] for a complete cell. It is quite important to prepare electrolytes with
possibly high transference number of lithium ions. This can be achieved probably using
salts of lithium with as large anions as possible. A polymeric anion soluble in PC could be
one of possibilities.

Acknowledgements

This work was supported by the Ministry of Education (project MSM 0021630516).

References

1. Vondrak J., Sedlafikovda M., Reiter J. and Hodal T. Electrochimica Acta
44,3067(1999).

2. Jifi Vondrak, Marie Sedlafikova, Jana Velicka, Bretislav Klapsté, Vitézslav Novak
and Jakub Reiter, Electrochimica Acta 46, 2047 (2001).

3. M. Doyle, T. F. Fuller, J. Newman: Electrochim. Acta 39 (1994) 2073-2081.



	ABSENCE OF CONVECTIVE MASS TRANSPORT IN GEL ELECTROLYTES
	Introduction
	Experimental
	Results and Discussion
	Conclusions
	Acknowledgements
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>






    /HEB (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /CZE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [283.465 396.850]
>> setpagedevice


