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Reduced graphene oxide (rGO) was successfully synthesized through a 
combination of two synthesis methods. The Hummers method was employed to 
synthesize graphite oxide (GrO), followed by a hydrothermal reduction technique 
to obtain a more ordered rGO structure. X-ray diffraction (XRD) analysis 
confirmed the transformation of GrO to rGO, as indicated by an interlayer spacing 
of 0.35–0.40 nm. This value reflects the crystalline characteristics and multilayer 
nature of the structure. The calculated crystallite size yielded La = 5.825 nm and 
Lc = 0.967 nm, suggesting a relatively high degree of crystallinity. Raman 
spectroscopy revealed an increase in structural disorder after the reduction 
process, as shown by an ID1/IG ratio of 1.771, which indicates the formation of 
structural defects due to the removal of oxygen-containing groups. Meanwhile, 
the IG/ID3 ratio of 1.039 confirms that the carbon atoms in rGO are arranged in a 
hexagonal graphite lattice. Additionally, the I2D/IG ratio of 0.321 indicates the 
presence of a multilayer structure. Scanning electron microscopy coupled with 
energy-dispersive X-ray spectroscopy (SEM-EDX) showed that the rGO consists 
of graphene layers exhibiting folding and wrinkling, likely caused by thermal 
fluctuations during reduction at 180°C. The success of the reduction process was 
further supported by the increase in the C/O ratio from 2.42 in GrO to 5.39 in rGO. 
Electrochemical characterization by cyclic voltammetry (CV) demonstrated that 
rGO exhibits pseudocapacitive behavior, achieving a specific capacitance of 
408.661 F/g at a scan rate of 5 mV/s. Overall, the combined synthesis approach 
employed in this study successfully produced rGO with favorable morphology and 
promising electrochemical properties, highlighting its potential for energy 
storage applications such as supercapacitors. 

 

1. Introduction 

Graphene is among the most extensively studied 
carbon-based materials, attracting considerable research 
interest because of its remarkable electrical properties 
and large surface area [1]. It is a two-dimensional (2D) 
crystal composed of a single layer of sp2-hybridized 
carbon atoms arranged in a hexagonal lattice. This unique 
structure of graphene confers excellent mechanical and 
electrical properties due to its planar σ and π bonding 
network. Additionally, graphene is the thinnest and most 
flexible known crystal, exhibiting outstanding thermal 

conductivity and high electron mobility [2, 3, 4]. Despite 
these superior properties, large-scale production of 
high-quality graphene remains a major challenge due to 
the complexity of synthesis methods and high production 
costs [1]. In contrast, graphene oxide (GO) can be 
produced in large quantities at relatively low cost. 
However, its electrical conductivity is much lower than 
that of pristine graphene [5]. 

Reduced graphene oxide (rGO) has thus emerged as a 
promising alternative, offering properties comparable to 
those of graphene. The reduction of GO is currently 
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considered the most practical and scalable approach for 
producing graphene-like materials. This process can be 
achieved through chemical, thermal, or electrochemical 
methods, each yielding products with varying similarity 
to pure graphene in terms of electrical, thermal, and 
mechanical properties, as well as surface morphology [1, 
3, 6, 7, 8, 9, 10]. 

rGO continues to be developed for various 
applications, including supercapacitors, sensors, 
batteries, and membranes [1, 11, 12, 13]. Among these, the 
use of rGO as a supercapacitor electrode material 
continues to be an active area of research. 
Supercapacitors have become a key component in modern 
energy storage technologies due to their ability to store 
and release energy rapidly, as well as their long cycle life. 
Unlike conventional batteries, supercapacitors store 
energy electrostatically without significant chemical 
reactions, which enables more stable performance and 
higher efficiency [8, 9]. In particular, rGO has been 
identified as a promising supercapacitor electrode 
material owing to its high electrical conductivity, large 
specific surface area, and chemical tunability [14]. The 
quality of rGO is strongly dependent on the quality of 
graphite oxide (GrO) or graphene oxide (GO), which serve 
as intermediate products derived from graphite as the 
primary raw material. 

In this study, graphite was used as the precursor for 
the synthesis of GrO, which was subsequently sonicated 
to obtain GO and then reduced to rGO. The synthesis 
combined a modified Hummers method with the 
approach reported by Al-Gaashani et al. [15] for GO 
preparation [16]. During the GrO synthesis, a graphite-
to-KMnO4 ratio of 1:9 was applied to achieve an optimal 
oxidation reaction [17]. Only H2SO4 and KMnO4 were used 
as oxidizing agents, avoiding NaNO3 in order to minimize 
the release of toxic gases (NO2 and N2O4) and to prevent 
residual Na+ and NO3

− ions, which are difficult to remove 
during the washing of acidic GO suspensions [10, 18]. This 
strategy is expected to enhance the quality of GrO while 
making the synthesis process more environmentally 
friendly. 

Beyond synthesis, this study also evaluates the 
electrochemical performance of the obtained rGO for 
supercapacitor applications. The results are expected to 
provide meaningful contributions to the development of 
more efficient and sustainable GO synthesis methods, 
particularly for use as supercapacitor electrodes. 

To evaluate the quality of the synthesized rGO, 
comprehensive characterization was performed. X-ray 
diffraction (XRD) was used to determine the crystallite 
size along the in-plane (a-axis, La) and out-of-plane 
(c- axis, Lc) directions, the degree of crystallinity, and the 
number of layers (N). Raman spectroscopy was employed 
to assess the defect density and degree of graphitization, 
while scanning electron microscopy coupled with 
energy-dispersive X-ray spectroscopy (SEM-EDX) 
provided information on morphology and the efficiency 
of the reduction process. The electrochemical 
performance of rGO as a supercapacitor electrode was 
assessed using a three-electrode system [19]. This study 

serves as a preliminary step in evaluating the potential of 
the synthesized rGO for supercapacitor applications. 

2. Experimental 

2.1. Materials 

Graphite powder (<20 μm, Merck, 99%) was used as 
the raw material for rGO synthesis. All other chemicals 
were of analytical grade, including sulfuric acid (H2SO4, 
Merck, 98%), potassium permanganate (KMnO4, Merck, 
99%), hydrochloric acid (HCl, Mekar Pancaraya, 10%), 
hydrogen peroxide (H2O2, Brataco, 30%), distilled water, 
and reverse osmosis (RO) water. 

2.2. Equipment 

The equipment used for rGO synthesis included a 
Teflon-lined autoclave reactor for the reduction of GO to 
rGO, an oven for heating during the hydrothermal 
reduction process, and a hotplate for the GrO synthesis 
process. A magnetic stirrer was employed for mixing, 
while an ice-water bath was used to control the 
exothermic reaction. An ultrasonic bath was utilized for 
GrO exfoliation, and a Buchner funnel coupled with a 
vacuum pump was applied for washing rGO. Additional 
laboratory equipment included beakers, stirring rods, 
measuring cylinders, evaporation dishes, an analytical 
balance, and a desiccator. 

2.3. Synthesis of GrO 

GrO was synthesized using a modified Hummers 
method [15, 18]. Graphite powder (1 g) was dispersed in 
100 mL of concentrated H2SO4 (98%) while maintaining 
the temperature at 5°C using an ice-water bath under 
continuous stirring. KMnO4 (9 g) was then added slowly 
to control the highly exothermic reaction, with the 
mixture kept in the ice bath to maintain the temperature 
at approximately 5°C. The suspension was subsequently 
stirred for 1 h at 75°C. 

Afterward, 100 mL of distilled water was slowly 
added dropwise using a burette, and stirring was 
continued for 1 h while maintaining the temperature at 
75°C. To terminate the oxidation reaction, 15 mL of H2O2 
was followed by 120 mL of distilled water. The resulting 
yellowish suspension was allowed to precipitate 
overnight to separate the GrO layers formed during 
oxidation. 

The precipitate was washed with 15 mL of 10% HCl to 
remove residual metal ions (e.g., Mn2+) and then left to 
settle for 12 h [14]. The resulting blackish precipitate was 
separated from the acid solution and washed repeatedly 
by centrifugation at 6000 rpm until a neutral pH was 
reached. The gel-like product obtained after washing was 
dried in a vacuum oven at 60°C for 24 h to yield solid GrO. 
The overall synthesis process is illustrated in Figure 1. 

2.4. Synthesis of Reduced Graphene Oxide (rGO) 

rGO was synthesized by dispersing GrO powder in 
reverse osmosis (RO) water at a concentration of 5 mg/mL 
(15 mL total volume). The suspension was sonicated for 
2 h to exfoliate the GrO sheets into graphene oxide (GO) 
and ensure uniform dispersion, thereby facilitating an 
effective reduction process. 
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Figure 1. GrO synthesis process 

Following sonication, the suspension was 
transferred to a 20 mL Teflon-lined autoclave, sealed, 
and heated in an oven at 180°C for 24 h [20]. This 
hydrothermal treatment initiated the reduction of GO to 
rGO under high-temperature and high-pressure 
conditions. The resulting product was washed repeatedly 
with RO water using a Buchner funnel to remove residual 
reactive species and by-products such as Cl−, SO4

2−, and 
Mn2+ [21]. Finally, the washed product was dried in a 
vacuum oven at 60°C for 12 h to remove residual moisture, 
ensuring stable physical and chemical properties of the 
rGO for subsequent characterization and applications. 

2.5. Characterization of rGO 

The characterization of rGO included analyses of 
morphology, elemental composition, surface functional 
groups, crystal structure, phase, crystallite size, and 
atomic ordering. Morphology and elemental composition 
were examined using scanning electron microscopy 
coupled with energy-dispersive X-ray spectroscopy 
(SEM-EDX) with a JSM-6510 Series microscope (JEOL, 
Japan). X-ray diffraction (XRD) measurements were 
performed with a Rigaku Miniflex 600 diffractometer 
(LANScientific Co., Ltd., China) to evaluate the crystal 
structure of the rGO samples. Raman spectroscopy (iHR 
320, Horiba, Japan) was employed to determine the ID/IG 
intensity ratio, which reflects the degree of structural 
defects and the efficiency of GO reduction to rGO. The 
interlayer spacing (d) was calculated from the XRD 
patterns using Bragg’s equation (Equation 1) [22, 23]. 

 2𝑑 𝑠𝑖𝑛𝜃 = 𝑛𝜆 (1) 

Where, n = 1 

Meanwhile, the crystallite sizes, Lc and La, were 
calculated using the Scherrer equation (2) [23]. 

 𝐿 =
𝐾𝜆

𝛽𝑐𝑜𝑠𝜃
 (2) 

Where, L is the average size of the crystallite domain, 
La is the crystallite size along the a-axis (in-plane 
direction), Lc is the crystallite size along the c-axis (out-
of-plane direction), K is the shape factor (0.9), λ is the 
X- ray wavelength (0.15406 nm), and β is the full width at 
half maximum (FWHM) in radians. The Lc parameter was 
determined from the [002] peak, while La was determined 
from the [101] peak [23]. 

The number of layers (N) of rGO was calculated using 
Equation 3 [23]. 

 𝑁 =
 𝐿𝑐 

𝑑
 (3) 

2.6. Electrochemical Analysis 

The electrochemical performance of the synthesized 
rGO was evaluated to determine its feasibility as a 
supercapacitor electrode. Cyclic voltammetry (CV) was 
employed to investigate the redox behavior and 
electrochemical kinetics of the material. Measurements 
were conducted using a three-electrode system with a 
Metrohm Autolab electrochemical workstation, where 
platinum served as the counter electrode, and a saturated 
calomel electrode was used as the reference electrode. 

The working electrode was prepared by coating a 
glassy carbon electrode (diameter 0.3 cm, area 0.07065 
cm2) with rGO ink. The ink was prepared following the 
method of Le et al. [12] and Nugroho et al. [20], by 
dispersing 2 mg of rGO in 1 mL of isopropanol and air-
drying for 10 min. Then, 3 µL Nafion solution was added 
as a binder and dried for another 10 min. Electrochemical 
measurements were performed in a 6 M KOH electrolyte. 
CV was recorded within a potential window of −0.5 to 0.5 V 
at scan rates of 5, 10, 20, 50, and 100 mV/s [20]. 

3. Results and Discussion 

Standard characterization of sp2 carbon materials 
was performed on rGO to evaluate its suitability as a 
supercapacitor electrode. These analyses included Raman 
spectroscopy, XRD, and SEM to examine the structural 
properties of rGO. XRD was first utilized to determine the 
basic crystalline pattern of rGO and to assess the success 
of the synthesis process. 

XRD analysis was also performed on the intermediate 
product, GrO, to confirm the effectiveness of the 
hydrothermal reduction process, as indicated by the shift 
of the [002] diffraction peak. A comparison of the XRD 
patterns for GrO and rGO is presented in Figure 2a. The 
[002] peak of GrO appeared at 10.44°, corresponding to an 
interlayer spacing of 0.845 nm, which shifted following 
reduction. In rGO, a peak was observed at 25.26°, 
characteristic of reduced graphene oxide (Figure 2a) [22], 
and this peak was used to calculate the interlayer spacing 
(d-spacing). 
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Figure 2. (a) XRD patterns of GrO and reduced graphene oxide (rGO), and (b) deconvolution of the [002] peak for rGO 

 

Figure 3. Schematic representation of rGO particles 

XRD analysis also revealed the structural parameters 
of the microcrystallites. The lateral crystallite size (La) 
represents the average size of crystallites in the basal 
plane (sp2), while the crystallite thickness (Lc) reflects the 
number of stacked graphite layers within a domain, 
indicating the degree of layer stacking. These structural 
parameters are illustrated in Figure 3. 

Based on the d-spacing, carbon materials can be 
classified into three main types. Carbon phases with a 
d- spacing greater than 0.40 nm typically consist of 
highly disordered microcrystallites. The second category, 
with d-spacing between 0.36 and 0.40 nm, corresponds 
to pseudo-graphitic carbon, which is amorphous carbon 
exhibiting a relatively ordered microcrystalline structure. 
The third category comprises graphite-like carbon, 
characterized by d-spacing values below 0.36 nm [24]. 

In Figure 2b, the [002] peak was deconvoluted using 
Gaussian fitting in Origin Pro software to distinguish the 
graphite-like and highly disordered regions [24]. The 2θ 
and full width at half maximum (FWHM) values were 
obtained for each component peak. These values were 
then used to calculate the d-spacing using Bragg’s 
equation (Equation 1). The resulting structural 
parameters are summarized in Table 1. 

The main XRD peak of rGO appears at 2θ = 25.26°, 
indicating an improvement in the π-conjugated structure 
of graphene. The broad [002] peak suggests that the [002] 
crystal planes in rGO are randomly oriented, in contrast 
to highly crystalline graphite, which exhibits a sharp and 
intense [002] peak [25]. This observation is consistent 
with the study by Stobinski et al. [22] in which commercial 
rGO (Acros Organics, USA, 325 mesh) displayed a 
d- spacing (d002) of 0.4 nm. Adequate d-spacing in rGO 
facilitates ion diffusion and enhances the material’s 
energy storage capacity [26]. A comparison of the 
structural parameters of rGO is presented in Table 2. 

Table 1. Structural parameters of rGO 

Parameter 
Peak deconvolution 

Graphite-like Highly disordered 

Area 76.92% 23.08% 

d1 0.349 nm 0.403 nm 

N2 4.212 2.395 

La
3 5.825 nm 

Lc
4 1.266 nm 

1Distance between layers 
2the number of crystal layers that form a crystalline structure 
3Crystallite size along the a-axis (in-plane direction), 
4Crystallite size along the c-axis (out-of-plane direction) 

Table 2. Comparison of structural parameters of rGO in 
this study and those reported by Stobinski et al. [22] 

rGO parameter This study 
Stobinski et al. 

[22] 

2θ (°) [002] peak 25.26 23.76 

d002 (nm) 0.35 – 0.4 0.4 

N 2-4 2-3 

The number of layers (N) calculated using the Bragg 
equation was 2.395 for the highly disordered regions and 
4.212 for the graphite-like regions, indicating that the 
rGO synthesized in this study is multilayered. The 
structural parameters of the synthesized rGO were 
comparable to those of commercial rGO reported by 
Stobinski et al. [22]. 

Figure 2b provides an indication of the crystallinity 
of rGO. The areas under the highly disordered and 
graphite-like peaks, obtained from deconvolution [24], 
were used to estimate the relative amorphous and 
crystalline fractions. The crystalline fraction was 76.92%, 
while the amorphous fraction was 23.08%, 
demonstrating that the rGO produced tends toward 
crystallinity. Additionally, a lower-intensity peak at 2θ = 
43.32°, corresponding to the [101] orientation, was 
observed, which is associated with the turbostratic band 
and reflects structural irregularities in rGO. The 
prominent [002] peak confirms the success of the 
reduction process and the similarity of the synthesized 
rGO to commercial rGO, which typically contains 2–4 
graphene layers [22]. 
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Figure 4. Surface morphology: a) GrO grains, b) rGO 
grains with multiple layers, and c) layers showing folds 

and wrinkles on rGO 

SEM-EDX analysis was conducted on GrO and rGO to 
evaluate morphology, elemental composition, and the 
C/O ratio. rGO images (Figure 4b) at 2000× magnification 
show irregular particle shapes and sizes, while at 11,000× 
magnification (Figure 4c), wrinkles and folds are evident, 
likely resulting from thermal fluctuations during 
reduction at 180°C [27]. In comparison, the GrO image 
(Figure 4a) exhibits layered morphology, but the surface 
appears rougher than that of rGO. 

In addition to the [002] peak shift from XRD analysis, 
EDX analysis was also carried out to determine the 
percentage of C and O atoms, which also confirms the 
success of the reduction process of GrO to rGO (Table 3). 
From the comparison value of the percentage of C and O 

atoms in GrO and rGO, it can be seen that there is a 
reduction in the number of O atoms after undergoing 
reduction, which indicates the success of the reduction 
process, with the C/O value increasing from 2.42 to 5.39. 

Furthermore, Raman spectroscopy was also used to 
confirm rGO’s multilayer structure. Raman spectroscopy 
is a key technique for analyzing graphene-based 
materials, as carbon allotropes exhibit characteristic 
peaks at approximately 1350, 1580, and 2700 cm−1 [28, 29, 
30]. Figure 5a shows typical Raman spectra of GrO and 
rGO, where the D, G, and 2D peaks appear at 1347, 1597, 
and 2675 cm−1, respectively, representing the main 
features of graphene-based materials. 

The degree of graphitization was evaluated by 
deconvoluting the Raman spectra into four peaks: D4 (also 
called D*, 1200 cm−1), D1 (D, 1340 cm−1), D3 (D”, 1500 
cm−1), and G (~1590 cm−1). Peaks D1 and D4 correspond to 
disordered carbon with A1g symmetry, D3 represents 
amorphous carbon, and G indicates ideal graphitic carbon 
with sp2 symmetry (E2g) [31, 32, 33]. 

Figure 5b presents the deconvolution of the D and G 
peaks for GrO, with D4 at 1200 cm−1, D1 at 1350 cm−1, D3 at 
1500 cm−1, and G at 1595 cm−1. The ID1/IG ratio (D1 peak area 
to G peak area) was used to assess structural defects, 
while the IG/ID3 ratio indicated the degree of 
graphitization. The I2D/IG ratio (2D peak to G peak 
intensity) provides an estimate of the number of 
graphene layers [30, 31]. As shown in Table 4, GrO 
exhibited a defect level (ID1/IG) of 1.617 and a 
graphitization degree (IG/ID3) of 1.040. 

Figure 5c shows the deconvoluted Raman spectrum 
of rGO, with D4 at 1203 cm−1, D1 at 1348 cm−1, D3 at 1495 
cm−1, and G at 1595 cm−1. The ID1/IG ratio for rGO was 1.771, 
consistent with the classification of graphene derivatives 
reported by King et al. [34], indicating a reduction in 
defects compared to GrO. The increased intensity of the 
G band and the decreased intensity of the 2D band suggest 
an increase in the number of graphene layers [30, 31]. 

Graphite oxide contains various oxygen functional 
groups, including epoxy, hydroxyl, and carbonyl, which 
disrupt the sp2 network and convert some carbon atoms 
to sp3 hybridization. This structural disruption is 
reflected in the rougher morphology of GrO observed in 
SEM images (Figure 4a). The hydrothermal reduction 
process removes a significant portion of these oxygen 
groups, partially restoring the conductive sp2 network. 
However, the reduction is not complete, leaving residual 
defects such as vacancies, lattice distortions, and 
remaining oxygen groups. These residual defects are 
reflected in the ID1/IG value for rGO and corroborated by 
the wrinkles and folds observed in SEM images (Figure 
4c). 

The IG/ID3 ratio is used to evaluate the degree of 
graphitization, reflecting the extent to which carbon 
atoms are arranged in a regular and dense hexagonal 
graphite structure [35]. The value obtained for rGO was 
1.039, which is similar to that of GrO (1.040), indicating 
that the graphite crystal structure of GrO was largely 
retained in the synthesized rGO. 
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Table 3. GrO and rGO parameters from XRD and SEM-
EDX 

Sample 
Graphite 

[25] GrO rGO 

2θ (°) [002] 
peak 26.72 10.44 25.26 

d002 (nm) 3.330 0.845 0.352 

% C - 67.62 83.63 

% O - 27.91 15.50 

C/O - 2.420 5.390 

 

Figure 5. (a) Raman spectra of GrO and rGO (laser 
excitation wavelength 532 nm), (b) deconvolution of D 
and G bands for GrO, and (c) deconvolution of D and G 

bands for rGO 

 

Table 4. Raman spectral features of GrO and rGO 
obtained from the deconvolution of the D and G bands 

Parameter 
GrO 

value 
rGO 

value 
Reference 

value Reference 

ID1/IG 1.617 1.771 1.12 [34] 

IG/ID3 1.040 1.039 - [35] 

I2D/IG 0.055 0.321 <1 [36, 37] 

 

Figure 6. (a) CV curves of rGO at different scan rates and 
(b) specific capacitance of rGO as a function of scan rate 

The 2D peak, observed around 2700 cm−1, arises from 
a second-order Raman scattering process and is a 
characteristic feature of graphitic carbon materials, 
indicating the presence of graphene layers [32, 38]. The 
I2D/IG intensity ratio is used to estimate the number of 
graphene layers: values of ~2–3 correspond to monolayer 
graphene, 1 < I2D/IG < 2 indicate bilayer graphene, and 
I2D/IG < 1 indicates multilayer graphene [36, 37]. In this 
study, the I2D/IG ratio for rGO was 0.321, confirming that 
the material consists of multilayer graphene. All 
calculated Raman parameters are summarized in Table 4. 

Following material characterization, 
electrochemical analysis was performed to evaluate the 
suitability of rGO as a supercapacitor electrode. CV was 
employed to assess the electrochemical behavior of rGO, 
including its capacitance, stability, redox characteristics, 
and electron transfer mechanisms. CV measurements 
were conducted using a three-electrode system 
comprising a working electrode, a reference electrode, 
and a counter electrode [39]. 
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Figure 6a presents the CV profiles of rGO at five 
different scan rates [40]. The curves exhibit a nearly 
rectangular shape, indicative of electric double-layer 
capacitance behavior and characteristic of supercapacitor 
materials. The specific capacitance of rGO was calculated 
from the CV data using Equation (4) [7, 41], as shown in 
Figure 6b. 

 𝐶𝑠 =
∫ 𝐼 𝑑𝑉

𝑚.𝑣.∆𝑉
 (4) 

Where, m is the mass of the active material (g), s is 
the scan rate (V/s), ΔV = |V2 – V1| is the potential window 
width, and I is the current response at a given potential V. 

After calculating the specific capacitance at each scan 
rate, the results shown in Figure 6b indicate a decrease in 
capacitance with increasing scan rate. This behavior is 
attributed to the accelerated oxidation–reduction 
processes at higher scan rates, which limit the charge 
storage capability of the rGO electrode. The redox 
reactions on the electrode surface generate measurable 
currents at specific potentials. At the lowest scan rate 
(5 mV/s), the specific capacitance reached 408.661 F/g, 
with a large cathodic current allowing for maximum 
charge storage. 

The pseudocapacitive behavior of rGO arises from 
faradaic reactions involving residual oxygen functional 
groups, such as hydroxyl and carbonyl groups, as well as 
structural defects that serve as active sites for redox 
interactions between the electrode and electrolyte ions. 
As the scan rate increases, the current response becomes 
less stable, and the oxidation-reduction processes 
accelerate, resulting in a notable decrease in capacitance, 
particularly between 5 mV/s and 10 mV/s. Higher scan 
rates lead to a decrease in specific capacitance due to 
limitations in ion transport at the electrode and other 
kinetic constraints [40]. This indicates that CV 
measurements are more representative when conducted 
at slower scan rates. 

4. Conclusion 

In this study, rGO was successfully synthesized 
through a combination of a modified Hummers method 
and a hydrothermal reduction process, resulting in high-
quality structures. XRD analysis confirmed the 
transformation to rGO, showing interlayer distances of 
0.35–0.40 nm, a crystalline and multilayer structure, 
with crystallite sizes of La = 5.825 nm and Lc = 0.967 nm. 
Raman spectroscopy revealed an increased structural 
irregularity, with ID1/IG = 1.771, IG/ID3 = 1.039, indicating 
a high degree of graphitization, and I2D/IG = 0.321 
confirming the multilayer nature of the material. 
Electrochemical analysis using cyclic voltammetry 
demonstrated that the performance of rGO is influenced 
by its degree of reduction and porous structure. The 
maximum specific capacitance of 408.661 F/g was 
observed at a scan rate of 5 mV/s, while higher scan rates 
(>10 mV/s) caused a significant decrease in capacitance 
due to kinetic limitations. These findings highlight the 
potential of the synthesized rGO for energy storage 
applications, such as supercapacitors or battery 
electrodes, and suggest that CV measurements at lower 
scan rates (<5 mV/s) are optimal for future studies. 
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