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Abstract

In this review, the preparation methods for the reduced graphene oxide (rGO) from graphene oxide (GO) and their

properties are reported. In particular, electrochemical functions such as electrodes for supercapacitor and oxy-

gen reduction reaction (ORR) in fuel cell are demonstrated citing some references. The rGO and MOx/rGO (M :

transition metal) have high double layer capacitance and high catalytic activity for ORR. Finally, the photochemi-

cal and photoelectrochemical reduction methods developed by us are explained, and the electrochemical proper-

ties of the rGO prepared by these methods are described in detail. rGO prepared by the photoelectrochemical

method also had high double layer capacitance and high catalytic activity for ORR. CeOx/rGO was prepared by

photoelectrochemical method. This electrode had significantly higher capacitance and electrocatalysis for ORR.

The redox reaction of Ce**/Ce*" in the deposited nano-sized CeOx having oxygen vacancies on the rGO surface

will be very important for the catalytic activity for ORR. Thus, rGO and its nano-hybrid materials with metal

oxides will be applied as the electrodes in supercapacitor and for ORR in fuel cell in the near future.
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Fig. 1 Model of graphene sheet.
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Fig. 2 Model of graphene oxide sheet.
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Table 1 Various rGO electrodes for supercapacitor.
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Electrode materials  Processes

Capacitance / F g=' References

rGO Chemical reduction 205 1
(room temperature, hydrazine gas)

Few-layered rGO Thermal reduction 264 2
(200 °C, high vacuum (<1 Pa))

Porous-rGO Thermal annealing 166 3
(800 °C, KOH)

Ce0,/Graphene Preparing conductive 3D graphene and adding Ce(NO,), 208 4

Table 2 Representative overpotentials for ORR of various rGO electrodes.

Electrode materials Processes Overpotentials / V References
N-doped graphene CVD method 0.45 (in 0.1 M KOH) 5
(1000 °C, NH; gas)
Cu,0/rGO Thermal annealing 0.38 (in 0.1 M KOH) 6
(180 °C, Copper acetate)
C050,/N-doped rGO Hydrothermal reaction 0.31 (in 0.1 M KOH) 7

(150 °C, Co(OAc), and NH,OH)
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Fig. 3 XPS spectra of C1s.
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Fig. 4 Cyclic voltammograms of rGO electrodes
prepared (1) under irradiation, (2) by scanning po-
tential voltammetry in the dark, and (3) by scannig
potential voltammetry under irradiation (Scan rate :
0.1 V/s, in 0.1 M Na,S0,).
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Fig. 5 Cyclic voltammograms of rGO electrodes for
ORR. (a) rGO, (b) Ce0,/rGO, and (c) Pt electrodes
(Scan rate: 0.01 V/s, in 0.1 M Na,SO, saturated
with O,).
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