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In this paper we report on the synthesis of a high
surface area V9Og composite with electrically conductive
RuO2 nanoparticles as cathode materials for lithium
rechargeable batteries. Highly porous vanadium oxide was
synthesized by sol-gel processing routes.

Sol-gel processes have become a common method
for preparing self-assembled inorganic network materials via
hydrolysis and condensation reactions that start from
inorganic salts or organometallic compounds. Aerogels are
derived from sol-gel precursors by a supercritical drying step.
In the gel stage, the solid network is bicontinuous with
interconnected pores filled with liquid solvent. Removal of
pore liquid by normal drying causes collapse of the solid
network by surface tension forces. The smallest pores are
destroyed by the collapse, and the internal surface area is

reduced, sometimes by a factor of 102 or more.

Connecting the interior of porous materials with
conductive nanoparticles would alow the direct electronic
control of chemical reactions and the creation of
nanostructures for high-density electronic materials. The goal
of this study was to create such a network without greatly
occluding its free (pore) volume and the surface area of the
electrochemically active structure. The active materia
network is coated and interconnected by in situ formed
ruthenium oxide nanoparticles (~10%) that ensure
mechanical  stability and  eectronic  conductivity.
(RuO2)0.1V205 was synthesized successfully and was
found to have higher specific capacity and electronic
conductivity than pure aerogel V2Os. Those results will be
presented in this paper.

It should be noted that other workers are active in
this area of research as well. Jeong and Mathiram (1) have
reported that amorphous ruthenium-chromium oxides

+
support high rate intercalation of Li ions with capacitance
values that approach 800 F/g. Ryan, et al. (2) and Long, et
al. (3) investigated composites of RuOy with porous SiO or
porous TiOp, respectively, and found that additions of
ruthenium oxide enhanced the electronic conductivity about
two orders of magnitude. In both the latter papers, RuOy
was deposited via alow temperature route that has been used
to prepare polymeric composites (4,5). A recent paper by
one of the present authors (6) reports on intercalation into
composites of RuOy with crystalline LiMnoOg4. There is
also previous work on aerogel films (7,8), and composites of
aerogel V205 (9,10,11) was also studied recently at very low
mass loadings (12) and were shown to support capacitances
of 1000-2000 F/g. Porous films of electrodeposited VOx
were shown to support high rates of intercalation (13). The
highest rates of intercalation yet reported for V 2Og (aerogel)
were measured on self-assembled nanofibers and revealed
capacitances of 20,000 F/g (14).

We successfully obtained amorphous V2Osg
which contained 10% (mole) RuO2 nanoparticles. The
electrochemical properties of the (RuO)p.1V 205 materials
are excellent even at high mass loadings. The materials
showed high lithium insertion capacity up to 400mAh/g
(C/10) and with enhanced electronic conductivity of the
active material. The materials showed good cycling behavior,
over more than 1200 cycles. Monalithic (RuO2)g,1V 205
could be an excellent cathode material for lithium batteries
and for electrochemical supercapacitors.

Acknowledgments:

We are grateful for the support of this work by
DOE through contract DE-FG02-93ER14384.

References:

10.

11.

12.

13.

Y.U. Jeong and A. Manthiram, Electrochem. Sol. State
Lett., 3, 205 (2000)

JV. Ryan, A.D. Berry, M.L. Anderson, JW. Long,
R.M. Stroud, V.M. Cepak, V.M. Browig, D.R. Rolison,
and C.I. Merzbacher, Nature, 406, 169 (2000)

JW. Long, K.E. Swider, C.I. Merzbacher, and D.R.
Rolison, Langmuir, 15, 780 (1999)

P. Gaylarde and |. Sarkany, Science, 161, 1157 (1968)

J Sankar, T.K. Sham, and R.J. Puddephatt, J. Mater.
Chem,, 9, 2439 (1999).

M. Cawska, G.B. Appetechi, F. Cardelini, and S.
Passerini, in press, (2001)

D. B. Le, S. Passerini, J. Guo, J. Resdler, B. B. Owens
and W. H. Smyrl, J. Electrochem. Soc., 142, L102
(1995)

D. B. Le, S. Passerini, J. Guo, J. Ressler, B. B. Owens
and W. H. Smyrl, J. Electrochem. Soc., 143, 2099
(1996)

S. Passerini, D. B. Le, W. H. Smyrl, M. Berrettoni, R.
Tossici, R. Marassi, Nad M. Giorgetti, Solid Sate
lonics, 104, 195 (1997)

F. Coustier, S. Passerini, and W. H. Smyrl, J.
Electrochem. Soc., 145, L73 (1998)

F. Coustier, S. Passerini, and W. H. Smyrl, Solid Sate
lonics., 100, 247 (1997)

W. Dong, D.R. Rolison, and B. Dunn, Electrochem.
Sol. Sate Lett., 3, 10 (2000)

P. Liu, J-G. Zhang, C.E. Tracy, and JA. Turner,
Electrochem. Sol. State. Lett., 3, 163 (2000)

14. M.J. Parent, S. Passerini, B.B. Owens, and W.H.
Smyrl, J. Electrochem. Soc., 146, 1346 (1999).



