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In this study, Ir-based connected nanoparticle catalysts were developed for oxygen evolution
reaction (OER) in polymer electrolyte membrane (PEM) water electrolysis.

The catalysts show electron conductivity and a high surface area without any conducting
supports. The electron conducting support can be eliminated due to the formation of
electron-conducting networks by the coating of Ir nanoparticles onto silica templates with high
density.

Ir/Si02 was synthesized using polyol method. The catalyst had smaller crystallite size and lower
oxidation state compared to a commercially available catalyst. Ir/SiO2 was electrochemically
evaluated in acidic solution. Comparing to commercial catalyst, Ir/SiOz2 showed 5.2 times higher
OER mass activity because it had electrochemical oxidized surface and smaller nanoparticles
showing higher specific surface area activity and higher electrochemical surface area, respectively.

In addition, IrRu/SiO2 were synthesized using 2-step or 1-step methods. Core-shell IrRu
nanoparticles were formed by the both methods because Ir formed on the surface of Ru/SiO:
nanoparticles in 2-step synthesis and Ru precursor redacted at a lower temperature than Ir
precursor in 1-step synthesis. Ir-shell thickness can be controlled by reaction conditions. IrRu/SiOz
showed volcano-shaped Ir-based OER mass activities related to Ir-shell thickness. IrRu/SiOq
having too thinner or thicker Ir-shell thickness showed lower activity due to Ru dissolution or
lower enhancement from Ru to Ir, respectively. IrRu/SiO2 showing the highest activity had 1-2 Ir
layers. IrRu/SiO2 having the thicker Ir-shell layer showed the higher retention of the activity
because Ir-shell layer prevented Ru dissolution.

Furthermore, Membrane electrode assembly (MEA) using Ir/SiO: showed higher water
electrolysis performance despite a low Ir loading of 0.3 mg cm™2, and performed at high current
density of 4 A em2 without mass transfer resistance. MEA using IrRu/Si02 showed higher
performance at initial. However, by retaining 1 A em™2, the performance was below the MEA using
Ir/Si02 due to degradation of IrRu/SiOs. The results of structural analysis indicated that the
decreasing of the performance was caused by Ru dissolution and oxidation of the catalyst.

This study showed that Ir-based connected nanoparticle catalysts are promising for use as an
anode catalyst for water electrolysis, and made it clear that a degradation mechanism of MEA
using the catalysts. The results of this study contributed to design OER catalyst for PEM water
electrolysis.
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