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Abstract

This research aims to synthesize and characterize reduced graphene oxide (RGO), as well as analyse its electrochemical properties. The
synthesis of RGO material from corn cobs went through several stages; carbonization, oxidation and reduction. The synthesis of RGO used a
modified Hummer method, and was reduced using the reducing agent ascorbic acid. The synthesized RGO was then characterized using
Fourier Transform Independent Spectroscopy (FTIR), X-Ray Diffraction (XRD), Scanning Electron Microscope (SEM), and Energy
Dispersive Spectroscopy (EDS). Electrochemical analysis using the cyclic voltammetry method, the specific capacitance value obtained
showed that RGO had a higher capacitance value than GO. The research results showed that carbon from corn cobs, which has not been
utilized optimally, can be synthesized as a basic material for making RGO as a quite promising material.
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1. Introduction RGO is a graphene derived material obtained from the
reduction of GO, which has properties like pure graphene
Electrical energy is an important need to support human such as flexibility, electronic properties, excellent
life, especially in the use of electronic devices. In the current  conductivity, good dispersion and good thermal stability [7].
digital era, various electronics use batteries as the main  Fig. 5 shows the oxidation process of graphite to RGO. RGO
component for storing electrical energy. However, batteries ~ materials can be made from biomass waste containing main
have some weaknesses such as low energy storage capacity, carbon-based components such as hazelnut shells [8], palm
long charging speed, and low power density, making the fronds [9], coconut shells [10] and corncobs.
battery less efficient for use over a long time. Efforts to
develop emerging energy storage technology can be made to
complement the various weaknesses of these batteries, namely
by using supercapacitor technology. Today one of the
supercapacitor electrode materials that is quite popular in use N
is graphene [1]. (@ Graphite
Graphene is a material consisting of sp2 hybridized carbon
and is arranged hexagonally in a two-dimensional structure
[2]. The hexagonal structure of graphene causes this material
to have the characteristics of good thermal stability, high
specific surface area, flexibility, excellent electronic
properties and conductivity [3]. However, graphene has
several weaknesses, one of which is the quite difficult process
of synthesizing pure graphene [4]. To overcome the
weaknesses of graphene synthesis, of graphene derivatives is
carried out, namely graphene oxide (GO, and reduced (@) Reduced Graphene Oxide () Graphene Oxide
graphene oxide (RGO) [5].
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Fig. 1. Graphite oxidation process to become RGO material [6]
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utilize and increase the economic value of corn cobs [11].
Corn cobs contain high carbon compounds, including
cellulose (41%), hemicellulose (36%) and lignin (6%) [12].
Based on data from the Central Statistics Agency (BPS), corn
production in Indonesia reaches 20 million tons/year [13].
High corn production produces waste in the form of corn
cobs. Therefore, efforts are being made to reduce corn cob
waste, one of which is by using it to synthesize it into RGO
material.

According to Dywili, et al [14], reducing GO to RGO by
reducing the oxygen content in GO can increase capacitance.
In this research, RGO was synthesized from carbon-based
materials such as corn cobs, synthesized through an oxidation
process using a modified Hummers method and reduced using
ascorbic acid as an environmentally friendly reducer. The GO
and RGO materials obtained were subjected to
electrochemical analysis using the cyclic voltammetry method
using distilled water as a comparison, before being analyzed
using a Na,SOj electrolyte solution, to determine the specific
capacitance value of GO and RGO.

2. Materials and Methods
2.1. Preparation

Corn cobs were cut into small pieces, washed, and dried in
the sun for five days. Corncob samples were carbonized at
500 °C for 2 hours. The resulting carbon was then sieved
using a 200 mesh sieve to obtain carbon powder.

2.2. Synthesis of reduced graphene oxide (RGO)

5 g of carbon powder was dissolved in 100 mL of 98%
H,SO4 and stirred for 2 hours at a temperature of 20°C. Then
15 g KMnOs was added after 2 hours of stirring at a
temperature of 10°C. The samples were removed from the ice
bath and stirred again for 2 hours at 35°C. After stirring, 100
mL of distilled water was added while stirring for 1 hour.
Then 60 mL of 30% H»O, was added and centrifuged at
10,000 rpm for 20 minutes. Samples were washed with
distilled water until the pH was neutral. The residue was then
dried at 110 °C for 6 hours. After drying, the carbon sample
was added to 100 mL of distilled water and sonicated for 2
hours. It was then filtered and dried at a temperature of 110
°C for 6 hours to obtain GO material [15,16]. The GO powder
obtained was reduced using the reducing agent ascorbic acid.
1 g GO was dissolved in 50 mL deionized water. Then 0.8 g
of ascorbic acid was added and stirred for 1 hour at 80 °C.
The samples were centrifuged, filtered and washed with
distilled water until the pH was neutral before being and then
dried at 110 °C for 6 hours [17].

2.3. Electrode making

An 8cm long copper wire was inserted into the pipette and
attached using parafilm. The sample was then mixed with
paraffin and stirred on a hot plate until being melted and
homogeneous. The paste formed was inserted into the
electrode body evenly and densely [18].

2.3.1. Electrochemical measurements

The specific capacitance of the RGO electrode was
measured by the cyclic voltammetry method using a
Potentiostat. The capacitance measurement of the electrode
was carried out with a scanning rate of 50 mV/s usinga 1 M
Na,SO4 electrolyte solution. The specific capacitance can be
calculated using the following equation 1:

CspzA/m.l(.AV (1)

where: Csp is specific capacitance (F/g), A is the curve
area, mass (g), k is scan rate (V/s), V is voltage (volts) [19].

3. Result and Discussion

In this research, corn cobs were synthesized into RGO
material using a modified Hummers method. The carbon
sample was reacted with HoSO4 and KMnOs, in this process
the color changed from dark green to brownish, indicating that
a carbon oxidation process had occurred [20]. H,SO4 and
KMnOy are strong oxidizing agents that undergo a chemical
reaction. the reaction forms several functional groups. namely
epoxy, hydroxyl, carboxyl and carbonyl groups [21]. This
functional group is what causes this material to be very
hydrophilic and easily exfoliated into GO [20, 22]. The
mixture is then diluted by adding H>O. The oxidation process
was stopped by adding H>O,, and also to reduce the remaining
KMnO, which was indicated by the color of the solution
changing to brownish yellow [23] which is shown in Fig. 2
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Fig. 2. Oxidation Process

The residue obtained was washed to neutral pH and dried
at 110 °C. The sonication process was carried out by
dispersing the carbon powder resulting from oxidation into
distilled water and sonicating for 2 hours. The exfoliation
process of GO sheet occurred due to ultrasonic waves [20,24].
GO reduction in this study used ascorbic acid because it is an
environmentally friendly reducer to replace hydrazine as a GO
reducer [6].

3.1. Fourier transform infrared (FTIR) analysis

Functional groups were identified using FTIR. Fig. 3
shows theresults of functional group analysis on carbon, GO,
and RGO. The broad bands at 3419 cm™ and 3446 cm™' were
associated with C-OH stretching vibrations mostly located at
the edges [26]. The emergence of wave numbers at 2922 cm"!
and 2852 cm™ was caused by symmetric and asymmetric
stretching vibrations of CH, bonds [27]. The stretching
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vibration of the carbonyl group C=0 observed between 1701
cm! and 1705 cm indicated the formation of carboxyl
groups in GO and RGO [28]. The strong peaks of carbon, GO,
and RGO 1581 cm™, 1575 cm™ and 1585 cm™ corresponded
to the aromatic functional group C=C, indicating a conjugated
benzene ring [26, 28]. The —OH bending vibration and the C—
O stretching vibration of the —-COOH group could be observed
at 1431 or 1382 cm™! and 1220 or 1230 cm™, respectively. The
C-O strain in GO and RGO was indicated by the wave
numbers of 1182 cm™ and 1178 c¢cm’!, and the stretching
vibration of the epoxy group C-O-C at 1039 cm’'. After
reduction with ascorbic acid, this peak disappeared [26].
Based on the FTIR spectrum results as shown in Table 1, the
synthesis of RGO from corncob carbon has been successfully
carried out using the Hummers method. This was supported
by the appearance of the O-H, C=0, C=C, and —-COOH
functional groups as the characteristic of RGO and the main
constituents of the hexagonal carbon layer structure in RGO.

Table 1. The functional group of carbon, GO, and RGO

Functional Wavenumber (cm™)
Group Carbon GO RGO
-OH 3446.79 3619.77 3446.79
-CH, 2922.16 2992.16 2922.16
-C=0 1701.22 1705.07
-C=C 1581.63 1575.84 1585.49
-COOH 1382.96 1394.53 1382.96
Cc-0 - 1182.36 1178.51
C-0-C 1039.63 -
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Fig. 3. FTIR spectra of (a) Carbon, (b) GO and (c) RGO
3.2. X-Ray diffraction (XRD) analysis

Fig. 4 show the results of the XRD analysis. The
diffractogram pattern of corncob carbon shows a specific area
at 2 theta, i.e 22.84° and 44.30° in the (002) and (100) planes,
showing the amorphous area of corncob carbon in accordance
with the characteristics of carbon [29]. Furthermore, the
diffraction pattern of RGO synthesized from corncob carbon
showed a broad peak with low intensity in the amorphous
region on the (002) plane and a sharp peak on the (100) plane.
The intensity of the 2 theta peaks in the diffractogram showed
the order of atoms in the thin crystal layer. The higher the

intensity value produced, the better the arrangement of the
atoms in the layer. The wide peak in the (002) plane indicated
that the crystal size decreased due to amorphization. This data
then confirmed that the crystal structure of the RGO material
was distorted after the oxidation process [21]. Using the
Bragg equation, the layer distance between RGO at the 23.30°
peak was 0.382 nm. In other words, the presence of oxygen
can reduce the distance between graphite oxide layers. The
significant decrease in distance is caused by the oxygen
functional groups intercalated in the inner layer of RGO.

(b) 44.24°

23.30°

Pl

Intensity (a.u)

22.84° '

2 theta (%)

Fig. 4. XRD spectra of (a) Carbon, and (¢) RGO
3.3. Scanning electron microscope (SEM) analysis

SEM analysis was used to observe the morphology of
carbon, GO and RGO materials. SEM analysis at 3000 and
1300x showed that the carbon consisted of large, irregular,
and porous flakes distributed in various sizes and shapes (Fig.
5(a)) [16]. After the carbon underwent the oxidation and
sonication process, the morphology of the carbon material
shown in Fig. 5(b) resembled a layered sheet, it looked thick,
and irregular, and had transparent and overlapping layers [30,
31]. The presence of oxygen functional groups bound to the
GO layer causeed thickening on the surface of the material
indicating carbon oxidation to form GO. Fig. 5(c) shows that
RGO had a thinner sheet shape than GO as the oxygen
functional groups were reduced during the reduction process
[32,14].

3.4. Energy dispersive spectroscopy (EDS) analysis

EDS analysis was to determine the carbon and oxygen
element content after reduction with ascorbic acid. Based on
the results of EDS analysis, the corn cob carbon, GO and
RGO samples showed a C atomic percentage of 95.88% and
an O atomic percentage of 4.12%. The C and O atom contents
in GO were 87.88% and 12.12%, respectively. The RGO
material obtained had a percentage of 92.90% for C atoms and
7.10% for O atoms. Based on the percentage of EDS analysis
results, it can be stated that the reduction process of GO to
RGO has been successfully carried out as indicated by a
decrease in the O element content and an increase in the O
content. element C in RGO [32].
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Fig. 5. SEM images of (a) carbon, (b) GO, and (¢) RGO
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Fig. 6. Cyclic voltammetry curves of GO electrodes (a) and RGO (b)

3.5. Electrochemical measurements

To analyze the -electrochemical performance, cyclic
voltammetry (CV) measurements were carried out using a 1
M Na2S04 electrolyte solution. Fig. 6 (a and b) shows the
results of CV measurements on GO and RGO. The results of
electrochemical analysis show that the capacitance of RGO
was higher compared to GO, i.e. 6.2324 F/g and 0.4581 F/g as
shown in Table 2. This increase in capacitance indicated
showed that GO had a higher oxygen content due to the
presence of epoxy functional groups, hydroxyl, and carboxyl,
while RGO had a relatively lower oxygen content than GO
caused by the reduction of oxygen functional groups during
the reduction process, causing an increase in the capacitance
value [13]. This is in accordance with research by Yang, et al
[33] whose results showed that GO reduction is needed to
optimize electrochemical performance thereby increasing
specific capacitance.

Table 2. Results of electrochemical analysis at a scan rate of 50 mV/s

Sample Scan Rate Specific Capacitance
(mV/s) (F/g)
GO 50 0.485
RGO 50 6.232

4. Conclusion

The synthesis of RGO from corncob carbon using a modified
Hummers method has been successful. FTIR analysis showed
that the functional groups of RGO were O-H, C=0, C=C, and
-COOH. The morphological structure of RGO shows a thin
and irregular sheet shape. Meanwhile XRD diffractogram
showed that RGO was amorphous with a distance between
layers in graphite of 0.382 nm. The results of electrochemical
analysis showed that the capacitance value of RGO showed an
increase in capacitance value of 6.232 F/g, compared to GO
with a capacitance of 0.4851 F/g. Therefore, it can be
concluded that the process of reducing GO to synthetic RGO
from corn cob carbon has been successfully carried out, and
showed that the capacitance value of RGO had a higher
specific capacitance than GO.
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