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Abstract : Efforts are actively underway to address the issues related to the high cost of Pt-based catalysts for oxygen reduction
reactions by designing high-performance Pt-based alloys through the control of their nanostructures. In this study, a method was
proposed to control the nanostructure of Pt-based alloys, either hollow or core-shell, by adjusting the pH of the solution during
the galvanic replacement reaction between the carbon-supported nickel-nickel nitride composite and the Pt ions. The physical
characteristics, including the state, quantity, and morphology of the metal particles under different preparation conditions, were
evaluated through X-ray diffraction, transmission electron microscopy, and inductively coupled plasma. When the prepared catalysts
were employed for the oxygen reduction reaction, they exhibited an improvement in area specific-activity compared to a commercial
Pt/C, with a 1.7 and 1.9-fold enhancement for the hollow and core-shell structured catalysts, respectively.

Keywords : Fuel cell, Oxygen reduction reaction, Pt alloy catalyst, Core-shell catalyst, Hollow catalyst
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Figure 1. Scheme of hollow or core-shell catalyst preparation by
galvanic replacement.
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Figure 2. XRD patterns of NIN@Pt/C.
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Figure 3. TEM images of (a) Ni/C, (b) NiN/C, (c¢) NIN@Pt/C-H and (d) NiN@Pt/C-C.
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Table 1. Metal contents of NIN@Pt/C measured by ICP-OES

Metal contents (wt%)

Sample
P Ni Pt
NiN@Pt/C-H 13.7 10.1
NiN@Pt/C-C 18.7 8.6

Table 2. ECSA, mass activity and specific activity of prepared

catalysts
ECSA | Mass activity | Specific activity
(m’g,) | (A mg") (A cm?)
Commercial Pt/C 70.7 0.22 318
NiN@Pt/C-H 55.8 0.29 528
NiN@Pt/C-C 45.8 0.28 608
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Figure 4. (a) Cyclic voltammogram, (b) ECSA bar graph, (c) oxygen reduction reaction linear sweep voltammogram and (d) mass activity and

specific activity of prepared catalysts.
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