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Abstract

Polymer electrolyte membrane fuel cells (PEMFCs) for heavy-duty vehicle (HDV) applications require the
membrane electrode assemblies (MEAs) with high durability and efficiency, which directly associate with
the activity and stability of the cathode catalysts for the oxygen reduction reaction (ORR). We are developing
the innovative single-Pt-atomic-site Pt-N-C supports and the new class of platinum group metal (PGM)
catalysts over such supports to achieve the enhanced activity and super strong stability, in combination with
an ingeniously designed ionomer/catalyst interface into an ideal nanostructured MEA for HDV applications.
For traditional PGM catalyst with non- or functionalized supports (carbon black, nanotube, graphene, metal
oxides etc.), severe particle surface migration due to the physically weak/non interaction between PGM
nanoparticles (NPs) is mainly responsible for the catalyst degradation in PEMFC operation. To overcome this
nanoparticle migration, we developed the single Pt atomic sited Pt-N-C structured supports which uniformly
distributes on and embeds on the single Pt atoms on the surface of carbon support at a very low Pt content
(up to 1 wt.%Pt) but with extremely high site density, which enables the establishment of the strong Pt-Pt
bonds between Pt atoms in the Pt NPs and the single Pt sites on the support surface after the catalyst
synthesized. Such catalysts show superior stability and activity,1.07 A/cm? after 240,000 accelerated stress
test (AST) cycles, which successfully exceeds the DOE 2025 targets, 1.07 A/cm? at 0.7V, 150k AST cycles,
with 1.6X performance of targets.
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