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Carbon materials have been widely studied as promising oxygen reduction reaction (ORR) catalysts to replace precious
metal catalysts. Recently, synthesis of nitrogen-, boron-, and halogen- doped materials for oxygen reduction reaction has been
studied using solution plasma processes. However, there has been a lack of knowledge on the synthesis of carbon materials
when physical conditions changed, such as by adding microbubbles to the reaction field. In this study, carbon materials were
synthesized with microbubbles added to the reaction field using an ultrasonic disperser (homogenizer), and their material
properties and ORR performance were analyzed. Carbon materials were synthesized as carbon nanoparticles with amorphous
structure. It was found to have a large number of micropores, which resulted in a large specific surface area of 402.98 m’/g.
Electrochemical measurements confirmed that the two-electron transfer ORR pathway was the major reduction pathway, and
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the onset potential of ORR activity was as high as —0.083 V (vs. Ag/AgCl).
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Fig.1 Experimental configuration.
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Fig.3 Voltage and current waveforms at Fast flow.
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Fig.5 Raman spectrums, (a) SfC, (b) FfC.
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Fig.6 X-ray diffraction patterns, (a) SfC, (b) FfC.
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Table 1  Surface area, pore volume, and average pore size.

Surface area Pore volume Average pore
Flow rate 2 3 .
[m7g] [em'/g] size [nm ]
SfC 230.87 1.1342 19.65
FfC 402.95 0.8512 8.45
(a) T T T T (b) T T T T
= 0.03 g 02 )
-~ B
220 o0
E‘ 0.02 E,
z 7 z O 1
=l =l
NG 0.01 =
=l =
8351 510 30 S S S TR

Pore size [nm] Pore size [nm]

7 ML A X LR, (a) SfC, (b) FfC
Fig.7 Pore size and differentiated volume, (a) SfC, (b) FfC.
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Fig. 8 Characteristics of FfC 1000, (a) Raman spectrum and (b)
X-ray diffraction pattern.
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Table 2 ORR performances of various carbon materials synthesized through solution plasma.

Precursor Heat treatment | Onset potential [V] Electron transfer Kinetic hmltm% Ref.
number current [mA/cm’]

Acrylonitrile 800C, 1hin Ar —0.14 3.15 15.16 9)
Pyridine 700C, 1hinAr —0.153 23~2.6 - 8)
Trifluorotoluene - -0.22 2.31 17.54 16)
Xylene - —-0.141~—0.173 2.11~2.41 8.5~14.5 17)
Xylene (FfC raw ) - —0.135 2.18 321 This work
Xylene (FfC 1000) | 1000C, 1hin Ar —0.083 2.24 13.87 This work
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Fig.9 LSV waveforms, (a) SfC, (b) FfC raw, and (c) FfC 1000.
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Fig.10 K-L plot, (a) SfC, (b) FfC raw, and (c) FfC 1000.
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