New Solid Inorganic and Polymer Electrolytes.
Non-Contact M ethods of I nvestigation of their
Conductivity.

E.Shembel, P.Novak, V.Redko, V.Khandetsky,
T.Pastushkin, O.Chervakov, Ye.Kalynushkin
Enerl Inc., 500W Cypress Creek Road, Suite 770, Fort
Lauderdale 33309, Florida, USA
E-mail: eshembel @enerl.com, pnovak@enerl.com

0O.Kolomoyets, A.Kvasha, A.Balakin, Ph.Grebenkin
Ukrainian State Chemicd Tedhnology University,
8 Gagarin Ave., 49005, Dnipropetrovsk, Ukraine
E-mail: shembel @onil.dp.ua

The report is a @ntinuation and development of the
authors works aimed a the development of the
elaboration of al-solid phase lithium high energy power
sources. The presented results are related to the problem
of solid eledrolyte production with a high ionic
conductivity in lithium ions. Usually, the measurement of
the spedfic ionic conductivity of solid eledrolytes at
aternating current is seriously complicaed by the
influence of a mntad resistance between solid eledrodes,
to which alternating current is supplied, and a surface
layer of solid eledrolyte.

In the work, to exclude this preventing fador the
following speda non-contact methods used for the
determination of solid eledrolyte amnductivity have been
substantiated, developed, investigated and tested:

» condensation method by using alternating current
in the wide frequency range of alternating
current up to 35MHz

e eddy current method in the frequency range up to
280MHz.

Conductivities for the two types of solid eledrolytes

were investigated:

* based on inorganic systems with amorphous
structure simil ar to glassone.

*  based on polymer non-aqueous organic systems.

Solid inorganic eledrolytes were synthesized by
using oxide mixtures. Such eledrolytes were investigated
as homogeneous pore-free thin films (from 4um) and as
heterogeneous samples presed from the powders of
initial material. The homogeneous films were deposited
on a substrate by using the speaally developed methods
[1,2].

The films of polymer organic solid eledrolytes
comprised the initial palymer base (chlorinated pdyvinyl
chloride [3,4] or PVDF), lithium salt and aprotic
plasticizer.

In the paper the aiteria of applying the developed
non-contad methods of conductivity measurement by
using the theory of eddy currents method have been
substantiated. The mathematical model of sensor work for
the cae of the final thicknessof solid eledrolyte has been
described. Influence of the @mposition of solid
eledrolytes on ion conductivity has been studied. The
medhanism of ion conductivity in synthesized solid
eledrolytes has been suggested. Testing results of the
acua samples of lithium secondary batteries using solid
eledrolytes of the optimized compasition have been
presented.

The developed methods can be successfully used
whil e solid eledrolytes investigated and ogimized as well
as under the production control of power sources aimed at
providing their high quality.
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Fig.1and 2: R, - resistanceinserted in thefield of
inductance @il by theinvestigated objed,
f - devicefreguency, L, - intrinsic induction of the il
of eledromagnetic field source
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Fig.3: Re - Equivaent resistanceof the system converter-
sample. measured bv a cabacitance non-contad method

Acknowledgments
The authors gratefully acknowledge the financial
suppart from PNNL-DOE (CRDF Contrad No. 32313®&-

F1), Enerl (CRDF Contrad No. USO-1207), STCU

(Contrad No. 1810.

References

1. E.Shembel, P.Novak, V.Redko, et al. The 200" Medting of
The Eledrochemical Society, September 2-7, 2001, San
Francisco, California, USA.

2. YeKainushkin, E.Shembel, P.Novak, e a. 6"
International Symposium on Systems with Fast lonic
Transport, 9-12 May, 2001, Cracow, Poland.

3. O.Chervakov, E.Shembel, and P.Novak. Polymer
Eledrolytes Symposium 2001, May 14-16, 2001,
Noordwij kerhout, Netherlands.

4. EShembe, O.V.Chervakov, P.Novek, e d. 22
International Power Sources Symposium and Exhibition,
April 9-11, 2001, Manchester, UK



