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Development of the direct ammonia fuel cell operating at low temperatures
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The feasibility of the direct ammonia fuel cells operating at low temperatures was investigated.
In this study, the anion—exchange membrane (AEM) was used as an electrolyte. The
performance of the fuel cells employing three—different anodes was evaluated by feeding NHs
fuel. The open circuit voltage (OCV) was lower than the ideal electromotive force of 1.17 V and
significantly dependent on the electrocatalysts. The obtained OCV was in the following
sequence; Pt—Ru/C > Pt/C > Ru/C. This tendency agreed with the order of electrocatalytic
activity of anodes evaluated in an alkaline aqueous solution with NHs. The OCV and
performance continuously decreased during the consecutive /~V characteristic measurements
due to the Nag poisoning over the electrocatalyst surface when the Pt/C was applied as an anode.
Furthermore, a noticeable amount of ammonia fuel was permeated across the AEM, and the

nitrogen species were detected as N2 and NO in the cathode exhaust gas. This phenomenon also

led to the reduction in OCV of the direct ammonia fuel cell.
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Fig. 1 LV characteristics of anion exchange membrane
fuel cells using P/C(@), Rw/C (M), and Pt-RwC (A)
anodes. Operating temperature: 50 °C, anode gas: Ha
(humidified at 50°C), cathode gas' 21% 02-79% N
(humidified at 50°C), scanning rate: 1 mV sec 2.
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Fig. 2 Time course of open circuit voltage of anion
exchange membrane fuel cells using Pt/C (@), RwC (W),
and Pt-Ruw/C (A) anodes. Operating temperature: 50 °C,
anode gas: Hz or NHs (humidified at 50°C), cathode gas'
21% Og-79%Nz (humidified at 50°C).
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Fig. 83 LV characteristics of the amion exchange
membrane fuel cell. Operating temperature: 50°C, anode
gas: NHs (humidified at 50°C), cathode gas: 21% O2-79%
N (humidified at 50°C), scanning rate: 1 mV sec™l.
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Fig. 4 Cyclic voltammograms of Pt/C in the presence (solid

line) and absence (dotted line) of 0.1 M NHs in 1 M KOH
at 25 °C with a scanning rate of 20 mV s1.
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Fig. 5 Cyclic voltammograms of Pt/C in (0.1 M NHs — 1M
KOH) at 25 °C with a scanning rate of 20 mV s,
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Fig. 6 NHs flux across the anion exchange membrane at
50 °C as a function of NH3 partial pressure. The gas was
fully humidified in the case of wet condition.
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Fig. 7 Time courses of open circuit voltage of
the anion exchange membrane fuel cell and
mass signals for the components in the exhaust
cathode gas. Operating temperature: 20 °C,
anode gas: Hz or NHs (humidified at 20 °C),
cathode gas: 21% 02-79% Ar (humidified at 20
°C).
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