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Abstract

New types of energy storage are needed in conjunction with the deployment of solar, wind,
and other volatile renewable energy sources and their integration with the electrical grid. No
existing energy storage technology can provide the power, cycle life, and energy efficiency
needed to respond to the costly short-term transients that arise from renewables and other
aspects of grid operation. We recently introduced a new family of insertion electrodes based
on the open framework crystal structure of Prussian Blue. This structure is composed of a
face-centered cubic framework of transition metal cations where each cation is octahedrally
coordinated to hexacyanometallate groups. Large interstitial “A Sites” within the structure
can accommodate zeolitic water and alkali ions allowing rapid insertion and removal of Na+,
K+, and other ions from aqueous solutions with little lattice strain. The result is an extremely
stable electrode: over 40,000 deep discharge cycles were demonstrated in the case of
copper hexacyanoferrate.

We were able to demonstrate a new type of safe, fast, inexpensive, long-cycle life aqueous
electrolyte battery which relies on the insertion of sodium ions into a copper
hexacyanoferrate cathode and a manganese hexacyanomanganate anode, each of which
have the same open framework crystal structure. The electrodes in this battery are
synthesized in bulk quantities by a room temperature chemical synthesis from earth-
abundant precursors and when operated in an appropriate aqueous electrolyte, show
extremely long cycle life, fast kinetics, and high efficiency, resulting in a full battery cell that
can meet the demands of large scale energy storage.
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