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1. Introduction

The cathode materials widely used for lithium ion batteries are based on lithium intercalation
compounds, such as lithium transition metal oxides LiCoO, and LiMn,O4. However, these cathode
materials show intrinsic limitations. Once lithium ion extracted over the ratio of recoverability of the
crystal structure, these cathode materials would lose cycle stability and battery performance
deteriorates seriously. On the other hand, thése lithium intercalation materials, which allow to
intercalate no more than one lithium ion per transition metal ion, can not meet the increasing energy
demand for large-scale applications, such as hybrid electric vehicles, electric vehicles-and grid-level
energy storage. Polyoxometalates (POMs), as cathode materials of lithium ion battery, are more
suitable alternatives for overcoming the intrinsic limitations of the conventional lithium intercalation

materials. High capacity and stable cycle performance are expected to be obtained in POMs.




2. Results
L. Synthesis and Electrochemical Properties of Polyoxovanadate K;[NiV13033](KNV)

The nanosize particles were prepared by a simple re-precipitated method, which show significant
improvement in initial discharge capacity and capacity retention compared to the as prepared
microsize particles.

I1. Synthesis and Electrochemical Properties of Polyoxovanadate K;[MnV30s5)(KMV)

The cathode consisting of the mixture of nanosize particles with microsize particles in the weighf T
ration of 1:1 as active material and ketjen black (KB) as conductive additive shows very stable cycle
performance with high capacity retention over 97 % after 50 cycles.

III. Synthesis and Electrochemical Properties of Polyoxomolybdate (NH ) s/NiMooO3,](ANM)

Nanosize particles hand-ground with KB show high initial discharge capacity of 490 mAh g and
capacity retention of 87.6% after 50 cycles at the low current density of 17 mA g'. ANM in situ
re-precipitated in the micropores or mesopores of KB shows improved discharge capacity at the high
rates. 4
IV. Synthesis and Electrochemical Properties of Anderson Type Polyoxomolybdate
Na3[AIMos0:.H ] (NAM)

The electrochemical properties of NAM were improved by ball-milling with acetylene black (AB)
orKB conductive additive. NAM ball-milled with KB showed very high initial dlscharge capacity of
437 mAh g and the most stable cycle performance with high capacity retention of 91.2% after 50
cycles.

V. Synthesis and Electrochemical Properties of Keggin Type Polyoxomolybdate
K[SiM0;204/(KSM)
KSM shows better electrochemical properties than that of the reported K3[PMo2040] (KPM),

which would be due to the re-oxidation of Mo®* ion in KSM reduced during the preparation process.

3. Conclusion

Discharge capacity of POMs was significantly improved by decreasing the particle size to
nanoscale. The discharge-charge process can continuously proceed in amorphous POMs, which is
independent from the recoverability of crystal structure, and the lithium ion can react reversibly with

the molecular cluster ion.
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