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Since the first anion exchange membrane fuel cells (AEMFCs) with practical performance were
demonstrated about a decade ago, the field has witnessed significant advancements. Recent years of
intensive research have led to the development of highly stable functional groups for advanced anion
exchange membranes (AEMs) and feasible platinum-group-metal-free (PGM-free) catalysts. While
notable progress has been made in a short time, few challenges still need to be addressed before
AEMFCs can achieve commercial relevance. Two main limiting factors are the development of high-
performing and durable, fully PGM-free AEMFC systems and the ability to operate efficiently with
ambient air (containing 400 ppm COz). In fact, PGM-free AEMFC systems operating on ambient air
are almost non-existent in the literature.

High-temperature AEMFCs (HT-AEMFCs, operating above 100 °C), pioneered in our group [1-3],
have been shown to offer enhanced performance and stability driven by faster electrode kinetics and
improved water transport. Our earlier theoretical study suggested that elevated temperatures may also
alleviate the detrimental effect of CO on cell performance [4]. Building on these studies, we employed
high-temperature operations to mitigate CO»-related voltage losses. This led to two breakthroughs:
state-of-the-art performance in ambient air, with a peak power density exceeding 1 W/cm? in ambient
air, and excellent durability with PGM-based catalysts. We then transitioned to a completely PGM-
free AEMFC system, achieving record-breaking performance in both H;-O> and Hz-ambient air
conditions. Notably, we report on the first demonstration of long-term stability for a fully PGM-free
AEMFC operating in ambient air, maintaining stable performance for over 45 hours. To better
understand these improvements, we investigated the effect of temperature on reaction kinetics in both
carbonated and non-carbonated cells using in-situ membrane electrode assembly (MEA) studies. In
addition, we obtained a record ionic conductivity of the membrane and catalyst activity at elevated
temperatures. These findings validate the benefits of high-temperature operation, especially while
operating under ambient air conditions, offering insights into underlying mechanisms, marking an
important step toward practical, low-cost AEMFC technology.
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