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Reducing the amount of Pt used as a cathode catalyst is essential for expanding the use of
polymer electrolyte fuel cells (PEFCs), and core-shell catalysts are attracting attention as a
solution. ' However, existing methods (e.g. copper under potential deposition (Cu-UPD)
method) for the synthesis of core-shell have low productivity due to the complexity of the
process and the batch reaction system. Therefore, there is a need to establish a highly productive
core-shell catalyst synthesis process. Recently, flow synthesis has been attracting attention as
a highly productive process capable of continuous production. We have therefore developed a
flow synthesis method for Pd core-Pt shell (Pd@Pt) catalysts, aiming to establish a synthetic
process for core-shell type catalysts with both high productivity and a high degree of catalyst
structure control.

After investigating various process parameters, Pd@Pt/C catalysts have been successfully
synthesized in a flow reactor using K,PdCls as a Pd precursor, H>PtCls as a Pt precursor, and
NaBH, as a reductant. 2 However, the oxygen reduction reaction (ORR) activity of the resulting
flow-synthesized Pd@Pt/C was lower than that of the Cu-UPD synthesis catalyst. The reason
might be the non-uniformity of the Pt shell structure which was proved by XAFS analysis.
Therefore, we investigated the precise control of the Pt shell structure by optimizing various
process parameters. Because of the wide range of process conditions to be optimized, we
developed a high-throughput flow system and used it to rapidly evaluate various conditions. It
was found that the reduction rate of the Pt precursor has a significant effect on the structure of
the Pt shell. After optimization of the above conditions, one-atomic layered Pd@Ptimi/C was
successfully synthesized with a uniform structure of Pt shell by using 2-MePy-BHj3 as a
reductant. Then the Pd@Ptm/C was evaluated for the ORR reaction, and it resulted in about
three times higher mass activity than that of commercial Pt/C, which suggests that this flow
method is an alternative to the Cu-UPD method for the synthesis of core-shell catalysts.
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