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Abstract:
A fuel cell has been developed which will operate at temperatures down to -20 °C using a liquid
ammonia solution (NH3/NHNO3) as the electrolyte. The cell used a mixture of hydrogen and ammonia
gases as the fuel and iodine (dissolved in the electrolyte) as the oxidizer, The anode (hydrogen
electrode)was a commercial porous gas diffusion electrode (American Cyanamid Company) which
consisted of platinum black electrocatalyst(9 mg/cm2) bonded to a tantalum screen. The cathode
(iodine electrode), which consisted of platinized porous stainless steel, was developed in these studies
and was of the porous flow-through type. The open circuit voltage of the cell was 1.15 volts.

A number of preliminary studies on potential fuels, oxidizers, and. electrocatalysts were made in liquid
ammonia solutions using the electrochemical technique of cyclic voltammetry. Iodine reduction at
various electrode surfaces was also studied using this technique. Polarization characteristics of each
electrode used in the final cell design were obtained by fixing the cell current using a D.C. power
supply and recording the resulting electrode voltage with respect to a Pb/Pb+2 reference electrode.

Hydrogen electrode polarization was high at extreme NH3/H2 ratios (1:5 and 5:1) and was a minimum
at NH3/H2 ratios approaching 1:1. A decrease in cell operating temperature led to increased hydrogen
electrode polarization. Typical polarization of the hydrogen electrode at an operating temperature of
-18 °C and NH3/H2 ratio of 1:1 was 0.2 volts at a current density of 80 ma/cm2.

Polarization at the stainless steel cathode was studied at three different platinum loadings (0.5, 4.0, and
20 mg/cm2) using three different electrode pore sizes (5, 20, and 65 microns). Polarization at the
cathode decreased with an increase in platinum loading and with a decrease in electrode pore size.
Electrolyte flow rate (1.0-9.5 cc/min.) and iodine concentration (1.0 to 3.0 g/100 cc solution) were
found to affect iodine electrode polarization only if their values were such that a shortage of iodine
existed at the cathode for maintaining the current density being drawn from the cell.

The fuel cell developed in these studies was operated continuously at 30 ma/cm2 and 0.75 volts for 72
hours with no apparent electrode deterioration. Operating conditions were as follows: NH3/H2 ratio,
1:1; ambient temperature, -15 to -18 °C; iodine concentration, approximately 3.0 g/100 cc solution;
electrolyte flow rate, 1.0 to 2.0 cc/min. 
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