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Abstract
Using a hydrothermal process, we synthesized copper oxide supported 
on reduced graphene oxide (CuO-rGO) nanocomposites, which we then 
used as an electro-catalyst for the electro-oxidation of methanol. The 
CuO-rGOcalcined nanocomposite shown good catalytic activity towards 
methanol electro-oxidation following calcination at 400 °C. Additionally, 
FTIR, XRD, Raman spectroscopy, SEM, EDX, and the dynamic light 
scattering (DLS) method were used to analyse the calcined composites. 
Cyclic voltammetry (CV) was used to assess the substances 
electrochemical analyses. The CuO-rGOcalcined nanocomposite 
experiences irreversible methanol oxidation in an alkaline media. 
The nanocomposite has a lower positive characteristic peak (0.72 
V) in the forward scan compared to CuO (0.75 V). Furthermore, the 
onset potential of the nanocomposites is lower than that of CuO, 
suggesting a reduction in the overpotential for methanol oxidation at the 
nanocomposites. The onset potential for the oxidation of methanol at 
the CuO-rGOcalcined is around 0.44 V which is lower than that of several 
reported electrocatalysts such as CuO (ca. 0.46 V), Cu NW@rGO-GCE 
(ca. 0. 48 V), Cu NW-GCE (ca. 0. 6 V) poly-crystalline Cu-GCE (ca. 0.5 
V), and Ni–Cu-GCE (ca. 0.5 V). Additionally, the peak current density at 
the CuO-rGOcalcined nanocomposite is 2.4 times higher than that of CuO, 
suggesting the superior electro-catalytic activity of the nanocomposite. 
Chronoamperometry study reveals the exceptional durability and good 
tolerance against the oxidizing intermediate of the nanocomposites. 
The stability of the nanocomposite was further investigated for 100 
continuous cycles. CuO-rGOcalcined nanocomposite featuring high 
durability, low-cost and low onset potential reveals a superior catalytic 
activity for methanol electro-oxidation.
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Introduction
The demand for a clean, affordable, and dependable 
energy supply is the basis of the world's growing 
economic success.1 With the increase in energy 
demand along with the exhaustion of fossil fuels 
and the rapidly escalating environmental issues, 
the direct methanol fuel cell (DMFC) can be used 
as an alternate green and sustainable power 
source.2 DMFC possesses several significant 
benefits compared to hydrogen-based fuel cells, 
such as great solubility in an aqueous electrolyte, 
good energy density, and raw materials that can 
be easily stored and distributed.3 However, there 
are two major difficulties prohibiting DMFCs from 
effective commercialisation, which are expensive 
production and slow kinetics of the electro-oxidation 
of methanol at the anode.4 Numerous studies have 
been conducted on various aspects of DMFC to 
address the problems that occurs in it.5 Pt-based 
materials have been served widely as the effective 
single-metal catalyst for DMFCs.6, 7 Unfavourably, 
its commercialization and practical application 
are severely hampered by its scarcity, high cost, 
low power density, and limited tolerance to CO 
poisoning.8 Metal oxide-based catalysts were also 
used for DMFCs that effectively go via a bifunctional 
process and can provide hydroxyl sources at lower 
potentials.9,10 Due to their low specific surface 
area, these catalysts suffer from poor electron 
conductivity. Their catalytic activity can be enhanced 
by incorporating them into different supporting 
materials. Carbon nanomaterials have attracted 
immense and persistent attention as electrode 
material for the various electrochemical performance 
because of their extraordinary chemical and physical 
properties.11 Among various materials explored, 
graphene and its derivatives have emerged as highly 
active material for a wide variety of applications in 

various fields including fuel cells and other energy 
related applications.12-14 

Metal oxide supported on graphene-based 
nanocomposites have gained great consideration due 
to their cheapness, durability, strong electrocatalytic 
activity, and simple production in DMFC applications. 
Graphene-based hybrid nanocomposites have been 
integrated into fuel cell applications with three major 
aspects  i.e. electrocatalysts, electrolytes, and gas 
diffusion layers.19-21 Copper oxide (CuO), a well-
known p-type semiconductor material, has potential 
in various applications such as gas sensors22, CO 
oxidation catalysts23, solar energy conversion24, 
lithium-ion battery anode materials25, magnetic 
phase transmitters26, heterogeneous catalysts27, 
optical switches28, nanofluids29 and field emitters30 
because of their high catalytic activity as well as their 
nontoxic nature and affordable cost.31 Incorporation 
of CuO nanoparticles onto graphene surface 
can improve the electrochemical performance of 
the nanocomposite in comparison with the pure 
nanoparticles. Mai et. al32 have synthesised a CuO-
graphene composite from CuO and graphene oxide 
(GO) and used it as anode material for lithium-ion 
batteries. The synergetic effect of CuO and GO 
is beneficial for the improved electrochemical 
performances of CuO-graphene based composites. 
Abdul Waheed et. al33 has synthesised structure-
controlled Cu2O graphene nanocomposites and 
studied their photocatalytic activity. As far as 
our knowledge, there is no reported work in the 
literature regarding the electrocatalytic application 
of CuO-rGO towards DMFC. However, researchers 
have reported several Pt/metal oxide/graphene 
composites for DMFCs, including Pt/CeO/graphene, 
Pt/MnO2/graphene, and Pt/TiO2/graphene, in which 
metal oxide serves as a co-catalyst.34, 35 Therefore, 

Abbreviations

DMFC	 Direct methanol fuel cell
CuO	 Copper oxide 
GO	 Graphene oxide
rGO	 Reduced graphene oxide
FTIR	 Fourier Transform Infrared Spectroscopy
XRD	 X-ray diffraction 
SEM	 Scanning electron microscope 
DLS	 Dynamic light scattering 
CV	 Cyclic voltammetry 
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the main objective of this work is to synthesise a 
low-cost Pt free electrocatalyst for effective oxidation 
of methanol.

In this work, CuO-rGO is calcined at 400 °C and 
used as an electrocatalyst for DMFCs. Interestingly, 
in an alkaline media, the calcined nanocomposites 
demonstrated strong electrocatalytic activity for 
methanol electro-oxidation.

Materials and Methods
Chemicals
Graphite powder, (<20 micron) was purchased from 
Aldrich. KMnO4, NaNO3, H2O2, (30%), CuCl, sodium 
hydroxide (NaOH), conc. H2SO4, HCl and methanol 
were procured from Merck. Nafion solution was 
purchased from Sigma-Aldrich.

Synthesis of GO
The Modified Hummers method was used to 
synthesize GO from natural graphite.36 While 
maintaining vigorous stirring, part by part mixing of 
the chemicals; Graphite powder (5 g), NaNO3 (5 g) 
and 120 mL of H2SO4 (98%) were carried out in a 
500 mL flask. After 30 minutes of stirring in an ice 
bath, 30 g of KMnO4 was added to the mixture. After 
removing the ice bath, the mixture was left to stir 
at room temperature for the entire night. The liquid 
progressively took on the consistency of paste as the 
reaction went on, and its colour changed to a light 
brownish. Finally, the mixture was heated to 98°C 
while being vigorously stirred, and 300 mL of water 
was gradually added. The diluted suspension was 
stirred overnight giving a yellow sample. Then, 100 
mL of 30% H2O2 was added to the mixture under 
continuous stirring at room temperature. The mixture 
was purified by rinsing it, centrifuging it with 5% HCl, 
and then repeatedly using deionized (DI) water. A 
grey-colored GO powder was produced following 
filtration and vacuum drying.

Synthesis of CuO-rGO Nanocomposite
The CuO–rGO nanocomposite was prepared using 
a hydrothermal approach with minor modifications 
from previously reported methods.37 Initially, 10.0 
mg of GO was dispersed in 10.0 mL of distilled 
water, while 9.89 mg of CuCl (corresponding to 
0.01 mol CuCl per 1000 mg of GO) was separately 
dissolved in 20 mL of distilled water. Both solutions 
were subjected to ultrasonication to obtain a uniform 

and stable dispersion. The CuCl solution was then 
gradually supplemented with the GO dispersion. 
After 120 minutes of magnetic stirring at 25 °C, the 
solution combination was put into a 50 mL autoclave. 
After the mixed solution was hydrothermally treated 
for four hours at 150 °C, the solid result was 
repeatedly centrifuged and cleaned with distilled 
water. The requisite CuO-rGO nanocomposites were 
then obtained by drying the composites at 100 °C.

Synthesis of CuO-rGOcalcined Nanocomposite
The synthesized CuO-rGO nanocomposite by using 
above mentioned procedure was calcined at 400°C 
for 30 min (labelled as CuO-rGOcalcined) and used for 
electrochemical applications. The calcination of the 
nanocomposite at 400 °C for 30 minutes is carefully 
chosen to achieve a balance between forming a pure 
phase, optimal crystallinity, effectively reducing the 
GO into rGO for the specific application of the CuO-
rGO nanocomposite in the field of catalysis.

For comparison, CuO nanoparticles were synthesized 
via the direct thermal decomposition method with 
little modification.38

Characterization
The synthesized materials were analyzed using 
FTIR, XRD, SEM, and EDX techniques. FTIR 
measurements were performed on a Nicolet Impact 
410 spectrophotometer within the wavenumber 
range of 4000–500 cm-¹ using KBr pellets. XRD 
studies were conducted at ambient temperature 
(~298 K) with a Rigaku diffractometer employing 
Cu-Kα radiation (λ = 0.15418 nm), operated at 30 
kV and 15 mA. The diffraction data were collected 
over a 2θ range from 10° to 70° at a scanning 
rate of 0.05° s-¹. The morphology of GO, CuO, 
CuO-rGO and CuO-rGOcalcined nanocomposite were 
characterized with scanning electron microscope 
(SEM). The JSM-6390LV (Jeol, Japan) Scanning 
Electron Micrograph equipped with an energy 
dispersive X-ray detector was used for the SEM 
characterizations at an accelerating voltage of 15–20 
kV and magnifications of ×15,000 and ×20,000. The 
particle size distribution was studied using Micritrac 
Flex Software by Dynamic light scattering (DLS) 
method. The electrochemical analyses were carried 
out by cyclic voltammetry (CV) using Bio Logic 
Science Instrument, SP-150 and Power: 110-240 
Vac voltammeter.
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Electrochemical Measurements
The electrochemical analyses of the prepared 
samples were studied using a standard one 
compartment three electrodes cell where Pt and Ag/
AgCl electrodes were used as counter and reference 
electrodes respectively. The working electrode was 
a glassy carbon electrode (6 mm diameter) above 
which the catalyst paste was applied which was 
prepared by dispersing 12.5 mg of electrocatalyst 
in 0.5ml of ethanol by ultrasonication for 30 min. 
Then 0.025mL of 5 wt% Nafion was added onto the 
paste and air dried for 24h. To measure the methanol 
electro-oxidation, CV was performed between -0.2 
V to 0.9 V at a scan rate of 50 mVs-1 in 0.1 M NaOH 
containing 1 M methanol. To measure the stability 
of the electrocatalyst the chronoamperometry study 
was performed for 600 s at a fixed potential of 0.4 V. 
The durability of the catalyst was further investigated 
for 100 continuous cycles at scan rate of 50 mVs-1.

Results
FTIR Study

Fig.1: FTIR spectrum of (a) GO, (b) CuO, 
(c) CuO-rGO and (d) CuO-rGOcalcined 

nanocomposite

XRD Analysis

Fig. 2: XRD spectrum of (a) GO, (b) 
CuO, (c) CuO-rGO and (d) CuO-rGOcalcined 

nanocomposites

Raman Analysis

Fig. 3: Raman spectra of (a) GO, (b) CuO-rGO 
and (c) CuO-rGOcalcined nanocomposites

Discussion
FTIR Study
Fig. 1 presents the FTIR spectra of GO, CuO, CuO–
rGO, and calcined CuO–rGO nanocomposites. In 
GO, the peaks at 1720 cm-¹, 1262 cm-¹, and 1065 
cm-¹ correspond to C=O, epoxy C–O, and alkoxy 

C–O stretching vibrations, respectively (Fig. 1a). 
The bands at 1621 cm-¹ and 3416 cm-¹ are assigned 
to aromatic C=C and O–H stretching vibrations. For 
CuO nanoparticles, characteristic absorption bands 
appear in the 500–700 cm-¹ region due to Cu–O 
vibrations (Fig. 1b). In the CuO–rGO composite, 
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the intensity of oxygen-related functional groups 
decreases significantly, indicating reduction of 
GO. At the same time, new peaks appear around 
689 cm-¹, 580 cm-¹, and 505 cm-¹, confirming the 
presence of Cu–O bonds and successful formation 
of the composite (Fig. 1c). After calcination, these 
Cu–O peaks shift slightly to 700 cm-¹, 573 cm-¹, 

and 481 cm-¹, suggesting structural changes and 
stronger interaction between CuO and rGO (Fig.1d). 
The bands above 1500 cm-¹ in the FTIR spectra 
of composite mainly arise from oxygen functional 
groups, carbon backbone and adsorbed hydroxyl 
groups present on rGO sheets.

SEM and EDX Analysis

Fig. 4: SEM images of (a) GO, (b) CuO, (c) CuO-rGO and (d) CuO-rGOcalcined nanocomposite

Fig. 5: EDX spectrum of CuO-rGOcalcined nanocomposites
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Particle Size Distribution 

Fig. 6: Particle size distribution of CuO-rGOcalcined nanocomposite

Electrocatalytic Oxidation of Methanol

Fig. 7: CVs of the (a) CuO-rGO, (b) CuO and 
(c) CuO-rGOcalcined in 1.0 M methanol solution 
containing 0.1 M NaOH. Scan rate: 50 mV s-1.

Fig. 8: CVs of the rGO in 1.0 M methanol 
solution containing 0.1 M NaOH. 

Scan rate: 50 mV s-1.

Fig.9 Chronoamperograms of (a) CuO and
 (b) CuO-rGOcalcined for methanol 
oxidation in methanol solution 
(1.0 M) containing 0.1 M NaOH

Fig. 10: CVs of the CuO-rGOcalcined in 1.0 M 
methanol solution containing 0.1 M NaOH at 

scan rate: 50 mV s-1 for 100 cycles.



14SARKAR  et al., Mat. Sci. Res. India, Vol. 23(1), pg. 08-19 (2026)

The shifting of intensity peaks for the Cu-O 
stretching vibrations after calcination of CuO-
rGO nanocomposite is due to changes in the 
crystallinity, particle size, and the removal of 
oxygen-containing functional groups and organic 
residuals. Calcination helps to remove defects and 
reduces micro-strain, which causes a shift in the 
Cu-O absorption peaks. Calcination also influences 
the interaction between the CuO nanoparticles and 
the rGO sheets. Shifts in the Cu-O peaks reflect 
the strengthening of the interfacial interaction 
between the CuO and the crGO matrix as they 
settle into a more stable composite structure. 

XRD Analysis
XRD analysis acts as the structural blueprint that 
directly predicts how well the material will perform 
during electrochemical reactions. High crystallinity 
is important for electro-oxidation because it 
improves charge transport and electron mobility 
during methanol oxidation. Fig. 2 shows the XRD 
pattern of GO, CuO, CuO-rGO and CuO-rGOcalcined 

nanocomposite. A significant diffraction peak in 
GO was seen at 2θ= 11.53o (Fig. 2a), which was 
assigned to the (001) plane by functional groups 
containing oxygen on carbon sheets. The positions 
of the diffraction peaks in the XRD patterns of 
CuO, CuO, CuO-rGO, and CuO-rGOcalcined agreed 
well  with standard CuO and rGO. In the XRD 
spectrum of CuO, the major peaks located at 
2θ=35.62° and 38.9° indexed as (111) and (200) 
planes, respectively, are corresponding to the pure 
monoclinic end-centered CuO crystal lattice (Fig. 
2b). Peaks in the XRD spectrum of CuO-rGO at 2θ 
values of 18.3° (002), 32.49° (110), 39.76° (200), 
50.32° (112), 53.6° (020), and 61.59° (113) are 
consistent with the typical XRD measurements for 
the end-centered crystal lattice's CuO monoclinic 
phase (Fig. 2c). Additionally, the spectrum shows 
small peaks at 25.2° and 44.85° which could be 
assigned to rGO (Fig. 2c). After calcinations, in the 
XRD spectrum of CuO-rGOcalcined the peak intensities 
of the observed peaks increased hence crystallinity 
of the composite increases without any peak shifting 
(Fig. 2d). Therefore, CuO-rGOcalcined becomes notably 
crystalline after calcinations. The appearance 
of lattice distortions in both your uncalcined and 
calcined CuO-rGO samples is indicator of successful 
chemical integration. In the uncalcined CuO-rGO, 
distortions manifest primarily as peak broadening, 
peak shifts, or baseline distortions due to the messy, 

room-temperature nucleation process. While in the 
calcine sample, thermal energy is used to grow 
crystals, yet distortions remain or even evolve 
because of thermal and chemical interactions.

Raman Analysis
Raman spectroscopy is often employed to 
characterize graphitic materials since it a useful 
technique for studying disorder ess and defects in 
crystal structure. The ratio of intensities of the D 
and G bands (ID/IG) obtained from Raman spectra 
is commonly used to evaluate the level of structural 
disorder in graphitic materials. Fig. 3 presents the 
Raman spectra of GO, CuO–rGO, and calcined CuO–
rGO samples. The G bands appear at 1608 cm-¹, 
1599 cm-¹, and 1594 cm-¹, while the D bands are 
observed at 1361 cm-¹, 1363 cm-¹, and 1351 cm-¹ 
for GO, CuO–rGO, and CuO–rGOcalcined samples, 
respectively. The G band originates from the in-
plane vibration of sp²-hybridized carbon atoms in a 
hexagonal lattice, corresponding to the E2g mode 
of graphite. In contrast, the D band is associated 
with structural defects and edge sites, indicating 
disruption of the sp² carbon network and partial 
conversion to sp³ hybridization. The calculated ID/IG 
ratio for GO is 0.82, reflecting a significant degree of 
disorder introduced during the oxidation of graphite. 
For the CuO–rGO and CuO–rGOcalcined samples, 
the ratios increase to 1.01 and 1.0, respectively, 
suggesting the introduction of additional defects 
and structural distortions upon incorporation of CuO. 
Meanwhile, the change in the nanocomposite's 
intensity ratio relative to the GO indicates a partial 
reduction of the GO. Furthermore, to the G and D 
band, there are three additional weak peaks at 282, 
338, and 599 cm-1 in the Raman spectrum of CuO-
rGO and CuO-rGOcalcined which belong to Ag and 2Bg 
CuO phonon peaks.39 After calcination, the Ag and 
2Bg peaks migrated slightly to higher wave numbers 
and sharpened. These results also established the 
presence of both rGO and CuO in the prepared 
nanocomposites.

Since the D and G bands are characteristic features 
of graphitic carbon materials and therefore remain 
visible after CuO incorporation. However, changes 
in the ID/IG ratio and the appearance of CuO 
peaks confirm successful formation of the CuO–
rGO composite and structural modification after 
calcination.
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SEM and EDX Analysis
The morphological changes that occurred on 
the surface of GO due to incorporation of CuO 
nanoparticle was examined by SEM analysis. Fig. 
4 shows the SEM images of GO, CuO, CuO-rGO 
and CuO-rGOcalcined nanocomposite. The surface of 
GO shows a leaf like crumpled structure (Fig. 4a) 
while CuO shows spherical structure (Fig. 4b). It 
is seen that CuO and CuO-rGO nanocomposite 
surfaces exhibit different surface morphologies. 
CuO nanoparticles are evenly dispersed across 
GO's crumpled, paper-like surface, confirming 
their integration into GO. (Fig. 4c). From this 
it can be concluded that calcination enhances 
surface morphology. Highly uniform nano-spherical 
CuO could be observed for the CuO-rGOcalcined 

nanocomposite (Fig. 4d).

The leaf-like and crumpled surface morphologies 
observe in the SEM images of the composites rather 
than clean, uniform spheres are strong confirmation 
of a highly successful CuO-rGO composite formation. 
For electrocatalytic applications, these irregular 
shapes are significantly more beneficial than perfect 
spheres because it increases the effective surface 
area, prevents nanoparticle agglomeration, and 
exposes more active catalytic sites for methanol 
oxidation.

EDX is the only technique that explicitly tells what 
elements are present and exactly how they are 
distributed. For a CuO-rGO electrocatalyst, EDX is 
indispensable for verifying elements and detecting 
contaminants. It proves the successful presence of 
Cu and O from the oxide, alongside carbon (C) from 
the rGO support (Fig. 5).

Particle Size Distribution 
The particle size distribution of CuO-rGOcalcined 
nanocomposite is shown in Fig. 6.  The diameter of 
the nanocomposite ranged from 0.00096 to 0.00122 
micron and the mean diameter is 0.001 micron. The 
size of CuO-rGOcalcined nanocomposite is extremely 
small but scientifically plausible, provided specific 
synthesis methods are used and the measurement 
technique is reliable. This dimension approaches 
the quantum dot regime and presents both unique 
properties and measurement challenges. The rGO 
sheets can act as a scaffold, providing numerous 
nucleation sites and physically confining the growth 
of the CuO nanoparticles, thereby preventing 

agglomeration and promoting the formation of 
ultrafine nanoparticles.

Electrocatalytic Oxidation of Methanol
CV is a core component of electrochemical 
instruments for the majority of experimental studies 
in basic electrochemistry analysis. It produces 
two key outcomes of electrochemical reactions: 
the onset potential and the oxidation potential. 
The onset potential, which shows the potential at 
which a redox reaction starts, and the oxidation 
potential, which shows the peak current connected 
to the potential that oxidizes the analyte. These 
metrics offer important information for assessing 
an electrocatalyst's catalytic energetic performance. 
The oxidation potential, which indicates the 
energy needed for the analyte's oxidation process, 
represents the overall efficiency of the reaction, but 
the onset potential, in particular, is a crucial measure 
of the catalyst's efficacy in starting the intended 
reaction. The onset and oxidation potentials are very 
crucial to understand the reaction kinetics, electron 
transfer rates, and energy requirements across 
various electrochemical reactions.

The electrocatalytic performance of CuO, CuO-
rGO and CuO-rGOcalcined was studied via CV in 
alkaline media. Fig. 7 illustrates the CV of the 
CuO, CuO-rGO and CuO-rGOcalcined measured in 
1.0 M methanol solution containing 0.1 M NaOH. 
CuO-rGOcalcined and CuO show distinct anodic 
peak towards forward scan, however, there is no 
characteristic peak for CuO-rGO. This indicates that 
after calcinations, CuO-rGO nanocomposites show 
catalytic activity towards methanol electro-oxidation. 
For comparison, CV analysis of rGO was recorded 
under the same experimental conditions (Fig.8). 
Due to its electrochemical double layer capacitor 
(EDLC) nature, the rGO exhibit a roughly rectangular 
CV curve; nevertheless, they lack an anodic peak. 
The superior electrocatalytic activity was provided 
by the CuO-rGOcalcined nanocomposite for the 
electro-oxidation of methanol in alkaline medium. 
During the forward scan, CuO-rG Ocalcined shows a 
distinguishing peak at ca. 0.72 V for the oxidation of 
methanol, which is lower than that of CuO (0.75 V). 
A single oxidation peak is generated, revealing the 
irreversible methanol oxidation. The onset potential 
for the oxidation of methanol at the CuO-rGOcalcined is 
around 0.44 V in an alkaline medium, which is lower 
than that of the CuO (ca. 0.46 V), Cu NW@rGO-GCE 
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(ca. 0. 48 V), Cu NW-GCE (ca. 0. 6 V) poly-crystalline 
Cu-GCE (ca. 0.5 V), and Ni–Cu-GCE (ca. 0.5 V).40 
Additionally, the peak current density for methanol 
oxidation at the CuO-rGOcalcined (0.89 mA µg-1) is 
2.4 times greater than that of CuO (0.37 mA µg-1), 
indicating the composite's better electrocatalytic 
activity. The onset potential and peak potential at 
the CuO-rGOcalcined changed toward a less positive 
potential in comparison to the CuO nanoparticle, 
suggesting a decrease in the overpotential for 
methanol oxidation. Basically, methanol oxidation 
occurs more rapidly at CuO-rGOcalcined surface. The 
synergistic effects of CuO and the conductive rGO 
support—improved conductivity and surface area of 
rGO sheets that facilitate greater CuO nanoparticle 
anchoring are responsible for the increased catalytic 
activity.41 Moreover, the uniform distribution rough 
and the surface morphology of nano CuO improved 
the catalytically active sites.

Methanol underwent electro-oxidation in alkaline 
solutions via a facilitated electron transfer 
mechanism. CuIII species produced during the anodic 
sweep finish the oxidation process by reacting with 
intermediates such CO and OH-like species.

CuII ↔ CuIII + e-

CuIII + (CH3OH)ads → intermediate + CuII 
CuIII + intermediate → product + CuII

The durability of CuO-rGOcalcined and CuO was 
evaluated by chronoamperometry (Fig.9) for 600s. 
At the CuO-rGOcalcined, a little decline in the current 
density was seen within the first 200s, which is 
related to the intermediates of methanol oxidation 
that adsorb on the catalyst surfaces.42 The current 
density then stabilised for the duration of the testing 
time after reaching a steady state. It was observed 
that the CuO-rGOcalcined electrode had a greater current 
density than the CuO electrode, demonstrating the 
composite's exceptional toughness, strong tolerance 
to oxidised intermediates, and good catalytic activity 
for the electro-oxidation of methanol. The stability of 
the CuO-rGOcalcined electrode was further investigated 
for 100 continuous cycles. The voltammetric 
response decreased slowly with the increasing 
cycles (Fig. 10).

Conclusion
Under alkaline conditions, the synthesized 
nanocomposite demonstrated more electro-catalytic 

activity towards methanol electro-oxidation than CuO 
nanoparticles. At the CuO-rGOcalcined surface, the 
nanocomposite experiences irreversible methanol. 
The nanocomposites' starting potential is lower than 
CuO, indicating a decrease in the overpotential 
for methanol oxidation at the nanocomposites. 
Furthermore, the peak current density at the CuO-
rGOcalcined nanocomposite is 2.4 times greater than 
that of CuO, indicating the nanocomposite's better 
electro-catalytic activity. The remarkable endurance 
and high tolerance of the nanocomposites against 
the oxidizing intermediate are revealed by the 
chronoamperometry investigation. Superior catalytic 
activity for methanol electro-oxidation is revealed by 
a CuO-rGOcalcined nanocomposite with good durability, 
cheap cost, and low onset potential.
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