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EOQOY Report - PART 11

Principal Investigator: Azzam N. Mansour

. Telephone Number: (301)227-4451 Fax number: (301)227-4461

Cognizant ONR Program Officer: Dr. Richard T. Carlin

. Program Objectives:

Synthesize and characterize the chemistry and structure of a new class of tin-based amorphous
oxides suitable for use as anode material in rechargeable Li-ion batteries. Provide a
fundamental understanding of the intercalation mechanism of Li in this type of anode material
during redox reactions.

Examine the evolution of the electronic and atomic structure of electrodeposited nickel oxide
thin films on graphite substrates and LiNiO, cathode materials during electrochemical
oxidation and reduction reactions

Establish structure-property relationships, which can be used as a guide to enhance the energy
and power densities as well as stability of batteries and ultracapacitors.

Significant results:

Successfully prepared a tin-based amorphous oxide with nominal composition
Sn;.0Bo.s6Po.40Alo.4203.47 and confirmed the amorphous nature of this compound by x-ray
diffraction and x-ray absorption spectroscopy measurements.

Measured changes in the local structure of Sn as a function of Li insertion and removal during
charge and discharge over the voltage range 0.14-2.5 vs. Li/Li" by x-ray absorption
spectroscopy under in situ conditions.

Demonstrated that nickel in electrochemically deposited nickel oxide thin films can be cycled
between oxidation states of 2 and 4 during charge and discharge and can be used for fabrication
of ultracapacitors.

Demonstrated that redox process for LiNiO, cathode material in non-aqueous electrolyte is
associated with oxidation of Ni** to Ni*".

Our results also indicate that structural integrity, and hence good cycle life, of LiyNiO, cathode
material is maintained if cycled in the range 0.45<x<1.




Summary of plans for next year:

¢ Continue investigating the chemistry and structure of tin-based amorphous oxides in order to
determine the composition range over which the material is amorphous in nature.

e Determine the composition for which the Li storage capacity is optimized.

e Examine the reaction mechanism of Li with tin-based amorphous oxides using X-ray
Absorption Spectroscopy under in situ conditions.

e Examine the morphology and composition homogeneity of tin-based amorphous oxides with
Scanning Electron Microscopy and Energy Dispersive Spectroscopy.

e Examine in more details structural integrity of LiNiO; cathode materials upon lithium removal
and insertion.
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