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0 The contract efforts for membrane and electrode development will be 
completed. 
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RESEARCH AND DEVELOPMENT OF A RECHARGEABLE ALKALINE 
ZINC/FERRICYANIDE HYBRID REDOX BATTERY 

Lockheed Missilesand Space Companylnc., P.O. Box 504, Sunnyvale, CA 94086 (U.S.A.) 

Lockheed’s research efforts over this reporting period were focused on 
assessing the technical feasibility of the alkaline zinc/ferricyanide recharge- 
able battery for utility load leveling and solar-photovoltaic applications. 
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This battery meets the requirements for these applications with cell 
voltages of 1.90 V on charge and 1.62 V on discharge (35 mA/cm2, 40 “C), 
with a peak power density of 4.5 kW/m2. A mean energy efficiency of 84 
percent was obtained after 950 4-h cycles using a sintered nickel porous- 
flow-through positive electrode, a Nafion N-114 separator, and a cadmium- 
plated iron substrate for zinc deposition. The goal of replacement of sintered 
nickel by graphite felt has been successfully met with 670 4-h cycles (70 mA 
h/cm2 capacity) currently logged, at an energy efficiency of 74 percent. The 
reduced efficiency is totally due to the use of a separator with higher resis- 
tance (Nafion N-125) in current testing, because the N-114 separator is no 
longer available. Zinc half-cell storage capacity has been demonstrated at 
175 cycles for a capacity of 300 mA h/cm2 and at 260 cycles for a level of 
200 mA h/cm2 with essentially the same values of coulombic efficiency. 
Similarly, a full-cell test is currently in progress, with 150 cycles logged at 
capacities between 200 and 300 mA h/cm2. 

Recent work has emphasized the assessment of criteria for scale-up to 
1000~cm2 single cells, evaluation of the solid reactant storage parameters, 
and definition of the random cycle switching characteristics crucial to solar 
photovoltaic applications. In addition, studies have focused on material com- 
patibility with alkaline ferricyanide, separator screening, and development of 
a conceptual engineering design for the zinc/ferricyanide battery system. 

The critical technical areas to be addressed during 1982 - 1983 include 
membrane technology development, critical issues in crystallizer evaluation, 
continued scale-up and cycle life measurements of cell components, and 
development of, suitable electrode technology to convert the system from 
monopolar, to bipolar configuration. 
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FOULING AND CONDUCTANCE OF’ ANIONIC I’ERMSELECTIVE 
MEMBRANES 

Sandia National Laboratories, Albuquerque, NM 87185 (U.S.A.) 

The objectives are to examine the fouling mechanism and to model the 
membrane’s conductance in order to understand how the membrane’s struc- 
ture affects its performance. This understanding will aid in the modification 
of existing membranes and the synthesis of new membranes. 


