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Abstract : In this study, the influence of different structural characteristics of porous carbon
supports with the same phase on the formation and performance of single-atom catalysts was
investigated. To confirm the differences in the synthesis of iron single-atom catalysts according
to the structural characteristics of porous carbon supports, carbon supports with varying specific
surface areas, crystallinity, and pore volumes were used while applying the same synthesis
method. The formation of single-atom catalysts on the surface of each carbon support was con-
firmed through X-ray diffraction (XRD) analysis and transmission electron microscopy (TEM).
The oxygen reduction reaction (ORR), a representative catalytic reaction, was selected as the
model reaction to evaluate the performance of the single-atom catalysts synthesized on each
carbon support, and the performance was evaluated using the rotating disk electrode (RDE)
method. As a result, the carbon support with the highest specific surface area exhibited the
best performance. Specifically, the most superior carbon support showed a half-wave potential
of 0.88 V in an acidic electrolyte environment. These results demonstrate that the structural
characteristics of carbon supports significantly affect the performance of single-atom catalysts

*E-mail: break@lapistar.by-works.com

~ 144 -



A738kE)|A], A 274, A 435, 2024 145

and are expected to provide an important research foundation for improving the performance

of hydrogen fuel cells in the future.

Keywords : Hydrogen fuel cell, Oxygen reduction reaction, Single-atom catalysts, Non-precious

metal catalyst, Electrocatalyst
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Table 1. Structural characteristics and electrochemical properties of carbon supports (The structural characteristics of
the carbon supports were referenced from the manufacturer’s catalog)

Carbon crystallite size (nm)  BET surface area (m”/g)  Pore volume (cm’/g)  ORR half wave potential (mV)
A 22 505 2.2 720
B 2.4 850 2.6 830
C 3.5 506 2.6 750
D 2.5 790 2.7 850
E 2.6 770 35 840




A71818k5]A), A 274, A 435, 2024 147

Fig. 1. Transmission electron microscopy (TEM) images of single-atom catalysts synthesized on carbon support B with

(a) low and (b) high magnification.
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Fig. 2. Schematic procedure of single-atom catalyst synthesis.
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Fig. 3. (a) Transmission electron microscopy (TEM) image and corresponding energy dispersive spectroscopy (EDS)
elemental mapping results of single-atom catalysts synthesized on carbon support B, including (b) merged, (c) carbon, (d)
nitrogen and (e) Fe signals.
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Fig. 4. X-ray diffraction (XRD) spectra of carbon support powders before and after single-atom synthesis. (a) Spectra of
carbon supports A—E before single-atom synthesis, and (b) spectra of carbon supports A—E after single-atom synthesis.

b,

Fig. 5. Transmission electron microscopy (TEM) images of single-atom catalysts synthesized on carbon support B. (a)
Dark field image and (b) high-resolution (HR) image. The red areas indicate the formed single-atom sites.
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Table 2. Analysis results of metal content after the
synthesis of single-atom catalysts on different carbon
supports

Fe (ppm)
A 31,067
B 29,685
C 31,254
D 30,310
E 29,742
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Fig. 6. Oxygen reduction reaction (ORR) performance of
single-atom catalysts synthesized on various carbon
supports. The measurements were conducted in an O,-
saturated 0.1 M HCIOj, electrolyte using the LSV (linear
sweep voltammetry) technique at a scan rate of 10 mV/s.
(A: black solid, B: red dash, C: blue dot, D: green dash
dot, E: orange short dot)
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