OFFICE OF NAVAL RESEARCH

Contract NO00O14-88K-0360
R&T Code B41CO04DARO1

Technical Report No. 2

AD-A210 755

Lithium Polymer Electrolyte Battery,
Electrochemical Behavior of Cathode Materials

by

B. Scrosati, B. Selvaggi, B.B. Owens, and M.Z A. Munshi

Prepared for Publication

Extended Abstracts, 176th National Meeting of the Electrochemical Society,
Hollywood, Florida, 1989

Corrosion Research Center
Department of Chemical Engineering and Materials Science
221 Church St. SE

University of Minnesota
Minneapolis, MN 55455
o DTIC
Department of Chemistry
University of Rome ELECTE
Rome, Italy W, AUGO 4 1388

- June 15, 1989 Cb B

Reproduction in whole or in part is permitted for
any purpose of the United States Government.

This documeiit has been approved for public release and sale;
its distribution is unlimited.

b




3 SECURITY CLASSIFICATION OF "H'S 24Ge

REPORT DOCUMENTATION PAGE

la. REPORT SECURITY CLASSIFICATION
Unclassified

't RESTRICTIVE MARKINGS

2a3. SECURITY CLASSIFICATION AUTHORITY

3 OISTRIBUTION/ AVAILABILITY OF REPORT

2b. DECLASSIFICATION / OOWNGRADING SCHEDULE

Unclassified/Unlimited

4. PERFORMING QRGANIZATION REPORT NUMBER(S)

echnical Report 2

5. MONITORING ORGANIZATION REPORT NUMBER(S)

6a. NAME OF PERFORMING ORGANIZATION

Dept. of Chem. Eng. & Mat. Scj.
Corrosion Research Center

60. OFFICE SYMBOL
(If applicable)

7a. NAME QF MONITORING QRGANIZATION

Office of Naval Research

6c ADORESS (City, State, and ZIP Code)
University of Minnesota
Minneapolis, MN 55455

7h. ADDRESS (City, State, and ZIP Code)
800 North Quincy Street
Arlington, VA 22217-5000

8a. NAME OF FUNDING / SPONSORING
QORGANIZATION ONR/DARPA
and the Italian Nat'l Rés CounciICode 1113

8b. OFFICE SYMBOL
(If applicable)

3. PROCUREMENT INSTRUMENT IDENTIFICATION NUMSER

Contract No. N0O0014-88-K-0360

8c. ADORESS (City, State, and 2IP Code)

800 North Quincy Street
Arliqgton, VA 22217-5000

10 SOURCE OF SUNDING NUMBERS

PROGRAM PROJECT
ELEMENT NO. NO.

TASK
NO.

WORK UNIT
ACCESSION NO

11. TITLE (Include Security Classification)

Lithium Polymer Electrolyte Battery, Electrochemical Behavior of Cathode Materials

12 PERSONAL AUTHOR(S)

B. Scrosati, B. Selvaggi, B.B. Owens, and M.Z.A. Munshi

13a. TYPE QF REPORT
Technical

13b. TIME COVERED

raom 7/88 10 6/89

14 DATE QF REPORT (Year, Month, Day)
89/06/15

15. PAGE COUNT

16. SUPPLEMENTARY NQTATION

176th Meeting of the Electrochemical Society, Extended Abstracts, October 1989

17 COSATI CODES

FIELD GROUP SU8-GROUP

18. SUBJECT TERMS (Continue on reverse if necessary and :dentify by block number)

19 A{STRACT (Continue on reverse :f necessary and identify by biock number)
~."Thin layer, lithium polymer electrolyte batteries have reached an advanced stage of

development.
structures as the active cathode material.

All prototypes use insertion compounds of various composition and
Titanium disulphide, vanadium oxide and

lithium vanadium bronze, respectively, were tested under comparable conditions as the

active electrode materials.

The characteristics of the interfaces were examined by

cyclic voltammetry, impedance spectroscopy and intercalation-deintercalation cycling

and the results of this study are reported in this work. R, ¥ '+ .

/

)

W NSTRIBUTION / AVAILABILITY OF AJSTRACT
G UNCLASSIFIEDUNLIMITED [ SAME a§ apT

CJormc users

21 ABSTRACT SECURITY CLASSIFICATION
Unclassified

228 NAME OF RESPONSIBLE 'NOIVIDUAL
Boone B. Owens

22b. TELEPHONE (Include Ares Code) | 22¢. OFFICE SYMBOL

(612) 625-1332

DO FORM 14713, 3a var

83 APR eqition Mday D@ used until exrausted.
All other editions are obsolete.

SECURITY CLASSIFICATION QF THIS PAGE




Lithium Polymer Electrolyte Battery.
Electrochemical Behavior of Cathode Materials

B. Scrosatd and A. Selvaggi
Diparumento di Chimica
Untversita ai Roma, Li Sapiensa
Rome, [taly

and
B.B. Owens and M.Z.A. Munshi
Corrosion Research Center,
University of Minnesota,
Minneapolis, Minnesota 55455

Thin layer. lithium polymer electrolyte batteries have
reached an advanced stage of development. Vanous indusmal and
acadermuc laboratones have been successtul in developing high-
performance prototypes of such battenes.

All these protorypes use insernon compounds of various
compositon and structures as the active cathode matenal. Lithium
polymer electrolyte batteries based on the layer-swucture titanium
disulohide TiSy are =_r.entlv under development at the Hydro-
Quebec Laboratories in Canada (1). Bartenes based on the tunnel-
structure vanadium oxide VgQp3 have been investigated at the
Harweil Laboratory in the UK (2) and at the Mead Imaging
Laboratories 1n the U.S. (3) as well as tested in one of our
laboratones (4). Finally, the feasibility of the lithium vanadium
bronze LiV3Og as the cathode matenal in lithium poiymer
elecrolvte cells has been determined by us (5) as well as by other
investigators (6).

There are various advantages in using intercalation
compounds as the positive in polymer battenes, including fast
elecrochermucal processes (7)., high-specific energy projections (8)
and favorable design and manufacturing cost forecasts (9).
However, while these compounds behave very sausfactonly in
organuc, liquid elecrolyte systems, they present a major problem
when used in polymer elecrrolyte cells. A progressive decline in
cell capacity on cyeling is observed wath cathode limited designs.

This effect. which has been generally observed, is not
casily explained. since the insernon of lithium in the cited host
compounds is basically a very reversible process and thus
prolonged cycle is expected for related electrocherucal cells. On
the other hand. the observed decay in capacity on cycling is a
crucial aspect in the technology of polymer electrolyte battenes and
in the artempt to clanfy its ongia and its pracucal influence, we
have carmned out an analysis of the eiectrode/polymer electrolyte
interfaces.

Tianium disulphide, vanadium oxide and lithium vaniium
bronze. respecuvely, were tested under comparable condiucns as
the acuve electrode matenals while the complex formed by
poly(ethylene oxide), PEQ, and lithium perchlorate, LiClOy4. in the
preferred composition O/Li rauo equal to 8, was used as the
standard poiymer electolyte.

The charactenstics of the interfaces were examined by
cyclic voltammetry, impedance spectroscopy and intercalaton-
detntercalanon cycling and the results of this study are reported in
this work.

Acknowledgements

This work was carried out with the financial support of the
Ialian National Research Council, Progento Finalizzato Energenca
2, Grant 87.02306.59 and the Defense Advance Research Projects
Agercy (DARPA) and the Office of Naval Research (ONR).

1)

3
4
5
6)

-

8)

9

References

M. Gauthter. st [nternagonal Symposium on Polvmer
Eleczolvtes St. Andrews. Scodand, June, (987

A. Hooper. 'Poivmer Eleczrolyte-Based Lithium Banenes - A
Review . Absmact No 20. Extended Abstracts of the Nanonal
Meeung of the Electrochemucal Sociery, October 1988.

D. Fauteux. 2nd Internanonal Symposium on Polymer
Electrolytes. Siena, [taly, June 1989.

M.Z.A. Munshi and B.B. Owens, Solid State lonscs, 20. 41
(1988).

L. Bonino, M. Qnaviani, B. Scrosad and G. Pistoia, J.
Elecxochem. Soc.. 14, 165 (1987).

K. West. B. Zachav-Christansen and T. Jacobsen, J. Power
Sources. ]4, 165 (1987).

B. Scrosan, Bnosh Polymer Joumal, 20, 219 (1988).

B. Scrosau, in "Polymer Elecrolvte Review [, J R.
MacCallum and C.A. Vincent, Eds. Elsevier Applied Science.
London, 1987, p. 315-346.

B.B. Owenss, EPRI AP-5218 Repor, June 1982.

: Accaggton For ,
| NTIS GRA&I 7
DTIC TAB

O
Unannounced 0
{ Justification . - |

i

| By.._.
. Distribution/

Avatlabilitv Codes
(I -

‘Avail and/or
|
Spoclal

~

, “\' {Dist ’

(4




