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Abstract: A binder-free hybrid electrode composed of reduced graphene oxide (rGO) and molybdenum oxide
(Mo0Os3) was prepared using hydrothermal and electrodeposition processes. First, rGO nanosheets were deposited
hydrothermally, followed by the electrochemical deposition of MoO3. The structural and morphological
properties of MoO3; and rGO/MoO; electrodes were examined using XRD and FESEM. The findings indicated
that a-MoO; particles were effectively deposited onto the surface of reduced graphene oxide (rGO) nanosheets,
resulting in a porous structure ideal for energy storage applications. The pseudocapacitive characteristics of the
electrodes were assessed through CV, GCD, and EIS techniques in potassium hydroxide aqueous electrolyte.
The as-fabricated pure and hybrid electrodes exhibited specific capacitance values of 563 and 1021 F g!,
respectively, when tested at a galvanostatic discharge rate of 1 A g'. Additionally, the rGO/MoO; hybrid
electrode demonstrated excellent cyclic stability, achieving a capacitance retention of 84.7% after 2000 cycles

URL.: https://www.jamt.ir/article 216424.html

1. INTRODUCTION

Supercapacitors have garnered significant interest
from both researchers and industry professionals, thanks
to their impressive power density, extended lifespan,
biocompatibility, and reliable performance. These
attributes make them a compelling option among the
diverse range of energy storage systems available today
(Oyedotun & Mamba, 2024).

Supercapacitors are categorized into two main types:
faradic pseudocapacitors and non-faradic
electrochemical double layer capacitors (EDLC). The
electrodes of EDLCs are composed of various carbon
materials that possess excellent electrical conductivity
and large surface area, including graphene, carbon
nanotubes, and activated carbon. In  these
supercapacitors, no faradaic reactions take place. In
contrast, pseudocapacitors utilize various conductive
polymers (including polythiophene, polypyrrole, and
polyaniline) and metal oxides (such as MnO,, NiO,
Co0304, M00O3) as their electroactive materials. They store
electric charge through reversible faradaic reactions
occurring at the interface of the electrolyte and electrode
(Subramaniyan et al., 2025; Shahrokhian et al., 2018).
Among the diverse range of metal oxides, Molybdenum
oxide (MoQg) is emerging as a promising active material
for supercapacitors, thanks to its affordability, non-toxic
nature, and eco-friendly characteristics. Hexavalent
molybdenum oxide exists in three polymorphic forms:

hexagonal (h-MoOz), monoclinic (m-MoOgz), and
orthorhombic (a-MoQs3). Although a-MoOs; offers
significant advantages, it also has drawbacks, including
low electrical conductivity, limited current capacity, and
short lifespan, which have restricted its commercial use.
To address these challenges, molybdenum oxide is
typically combined with carbon-based materials like
carbon nanotubes or graphene to create hybrid electrodes
that offer high supercapacitor efficiency, improved
capacity, and extended cycle life (Askari et al., 2024).

In this study, a highly efficient two-step technique
was applied to prepare the reduced graphene
oxide/molybdenum oxide (rGO/Mo0s) hybrid electrode.
A conductive and porous rGO framework was first
formed onto the Ni current collector via the hydrothermal
method. Subsequently, molybdenum oxide particles were
deposited onto the graphene nanosheets using the
cathodic  galvanostatic electrochemical deposition
technique.

2.MATERIALS AND METHODS

The rGO nanosheets were uniformly and seamlessly
coated onto the Ni surface using the hydrothermal
procedure. To achieve this, 0.2 g of acid-washed rGO
was dissolved in 100 ml of deionized water, and a
controlled amount of dilute KOH solution was gradually
added until the pH of the suspension reached
approximately 8.5. The prepared suspension was then
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heated for 48 hours at 150°C in an autoclave, with nickel
foam included to facilitate the deposition of rGO onto its
surface. In the subsequent step, molybdenum oxide
particles were uniformly coated onto the rGO framework
using a cathodic electrodeposition method. To prepare
the electrolyte, 0.15 g of sodium acetate, 0.045 g of
Triton X-100, and 0.75 g of sodium molybdate were
carefully dissolved in 30 ml of deionized water. The pH
of the as-prepared aqueous solution was adjusted to 4 by
adding dilute sulfuric acid. Electrochemical deposition
was performed at 5 mA cm? for 10 minutes.
Subsequently, the electrodes were calcined at 300°C for
2 hours. The morphology, structure, and supercapacitor
characteristics of the as-prepared electrodes were
thoroughly analyzed using various analytical techniques.

3. RESULTS AND DISCUSSION
3.1. Characterization of the fabricated electrodes
The XRD patterns of the nickel foam substrate, pure

MoO:s electrode, and rGO/MoOs hybrid electrode are
illustrated in Figure 1. As observed, aside from three
intense peaks corresponding to Ni current collector, the
remaining peaks are attributed to the orthorhombic
structure of a-MoO3 (JCPDS. No. 89-5108).

The morphology of the rGO/MoOs electrode was

analyzed using FESEM, the results of which are
presented in Figure 2. It can be seen that molybdenum
oxide particles are electrodeposited onto the graphene
matrix, forming a porous hybrid structure. The graphene
scaffold, known for its high electronic conductivity,
enhances the pseudocapacitive performance of the MoO3
active material through this hybrid microstructure.

3.2. Electrochemical performance of the prepared
electrodes

Figure 3(a) presents the voltammograms of MoOj3 and
rGO/MoOs3 electrodes at 20 mV s™'. As observed, both
electrodes exhibit a pair of oxidation/reduction peaks,
indicating a faradic reaction mechanism. Additionally,
the hybrid electrode shows a significantly larger area
under its CV curve, reflecting its higher capacitance. This
enhanced capacitance suggests that the rGO support
framework facilitates electron and ion movement within
the electrode structure.

As shown in Figure 3(b), the rGO/MoOs3 electrode
exhibits high specific capacitances of 1021, 979, 892, and
833 F g! at discharge rates of 1, 2, 5, and 10 A g,
respectively, which are significantly higher than those of
the pure MoO:s electrode (563, 526, 467, and 433 F g™!).
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Figure 1. XRD patterns of the bare nickel foam, MoOz and rGO/MoO3 electrodes.
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Figure 2. FESEM images of the hybrid rGO/MoOs electrode.
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Figure 3. (a) voltammograms of the molybdenum oxide and reduced graphene oxide/molybdenum oxide electrodes at 20 mV s%; (b)
Specific capacitances of the molybdenum oxide and reduced graphene oxide/molybdenum oxide electrodes at various current rates.

4. CONCLUSION

In conclusion, the binder-free rGO/MoQO; hybrid
electrode was synthesized through a two-step approach,
which included the hydrothermal deposition of rGO
followed by the electrodeposition of molybdenum oxide
particles. The influence of the three-dimensional rGO
conductive network on the morphology and
pseudocapacitive properties of the molybdenum oxide
electrode was systematically investigated. The hybrid
electrode shows a significantly high capacitance of 1021
Fg'atl A g, exceptional cycling performance (with
84.7% capacity retention after 2000 cycles), and
enhanced discharge rate capability (maintaining 81.6%
capacity retention despite a 10-fold increase in discharge
rate).
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