Development of a “family” of Regenerative Hydrogen Peroxide Fuel Cells

Research is underway at NPL to demonstrate the engineering feasibility of both high power and micro-scale unitized, regenerative fuel cells using sodium borohydride (NaBH4) and hydrogen peroxide (H2O2) directly at the cell electrodes. Such a Direct, Unitized, Regenerative Fuel Cell (I-ChargerTM) is ideally suited for the demanding requirements for both space power units and for small mobile power applications. One NPL project is focused on building a prototype space power unit of ~ 2 KW. This represents a scale-up of the highly successful NaBH4/H2O2 fuel cell that NPL/UIUC recently demonstrated in watt level units. A companion project is focused on the design of a micro-cell in the mW range for portable use.

 NaBH4 and H2O2 are used in this fuel cell directly, at the anode and cathode respectively. Such operation, as demonstrated experimentally, gives >30% higher output voltage compared to an ordinary H2/O2 fuel cell, thus ~ 30% higher efficiency. Also the unique combination of the fuel and oxidizer, both of which are in an aqueous form, paves the way for a unitized design. This final unit is inherently compact compared to other cells that uses gas phase reactants.  In addition, a method has been developed to regenerate the reactants while maintaining the unitized, modular design. This then provides a very compact, regenerative fuel cell suitable for a range of applications.

The space power I-ChargerTM has the following distinct advantages: i) Closed cycle, regenerative operation; ii) high gravimetric (mass) energy density; both in nominal conditions and on orbits; ii) Much improved low Earth orbit (LEO) performance, at least 3 times higher than state-of-the-art batteries; iv) Very high volumetric energy/power density; v) Fast discharge/recharge properties, as required by LEO operation, and preferred by future high power missions; vi) Very long life-cycle due to the catalytic electrode design; vii) Very high energy density and power density in open-cycle operation.. The “companion” small micro-cell design is intended to also capitalize on these features.
In summary, this family of I-ChargerTM borohydride/peroxide fuel cells offers higher voltage and current density than obtained from traditional fuel cells at similar conditions.  With the use of all-liquid reactants, the fuel/oxidizer management becomes a straightforward task, while fuel storage is kept light and compact. The result is a robust, compact design.
