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ABSTRACT

Reduced Graphene Oxide (rGO) is a derivative of graphene that has undergone the removal or
reduction of its oxygen groups. This study performed the synthesis and characterization of rGO as a
solid-state electrolyte in batteries in order to assess the conductivity of rGO and its ability to store
electrical currents and voltages. The rGO was synthesized by the Hummers method and the reduction
of graphene oxide with a zinc reductor. Graphite oxide was first synthesized by oxidizing graphite
with H,SO4 dan KMnOs. This graphite oxide was ultrasonically exfoliated and treated with a Zn
reductor to produce rGO in powdered form. The rGO was characterized with Fourier Transform
Infrared Spectroscopy (FTIR), X-Ray Diffraction (XRD), Scanning Electron Microscope (SEM), an
LCR-meter, and a Digital Multimeter. This identified a diffraction pattern in rGO with a 26 of 25.85°
and a d-spacing of 3.444 A with 48.76 % crystallinity. FTIR observation on rGO exhibited O-H
vibrations at a wavelength of 3431.6 cm™, C=0 at 1722.43 cm*, C=C (1573.91 cm®), and C-O
(1080.14 cm™). The rGO was observed to have a triple-layered morphology at 10000x
magnification. Conductivity for the rGO was identified as 0.000357005 S/cm, while the generated
voltage was 1.21 V with a current of 3.55 mA.
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INTRODUCTION

Electrolytes are generally made out of good electrical conductors, including carbon. Studied
the ultrasonic synthesis of PANI-Celluloseas a battery electrolyte, resulting in a conductivity
of 0.00312 S/cm, voltage of 1.31 Volts and a current 71.4 mA [, PANI-Celluloseas is
polyaniline (PANI) bound to cellulose. Polyaniline is a conductive polymer often used in
various electronic applications and composite materials due to its ability to conduct electricity.
Cellulose is a polysaccharide found in the cell walls of plants and is frequently used in industry
as a base material for various products. Synthesized a polyaniline-carbon composite through
the polymerization of aniline in varied temperatures; this PANI-carbon composite exhibited a
conductivity of 0.718 S/cm, voltage of 1.09 Volts and a current 19.74 mA at 800°C, while at
1000°C the conductivity was 1.1003 S/cm with a voltage of 1.15 Volt and a current 19.98 mA
21, Used sulfuric acid hydrolysis to achieve a conductivity of 3.6013 x 10 S/cm and a voltage
of 1.34 Volts and a current 83.4 mA Bl These studies so far have only been able to produce
voltages significantly below the 1.5V standard for conventional batteries [ in order to
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overcome this limitation, it was decided to experiment with a highly conductive material,
namely Reduced Graphene Oxide (rGO).

rGO is a nanomaterial derivative of graphene that has been observed to exhibit high
conductivity. In basic terms, rGO is an oxide of graphene where its oxide functional groups
have been reduced or removed ¢! has previously synthesized, characterized, and measured
the conductivity of rGO, resulting in a conductivity of 2.906 S/cm. There has been some
research into the applied uses of rGO, including as a supercapacitor [' a biomedical material
[ lithium-sulfur cathode ' and an antibacterial % The synthesis of rGO begins with the
chemical synthesis of graphene oxide (GO) by oxidizing graphite powder with a strong acid,
which is known as the Hummers method. Once the graphite has been oxidized by H.SO4 and
KMnOs, the resulting graphite oxide is ultrasonically exfoliated to produce graphene oxide
(GO), which is then reduced by a reductor substance (Zn) to obtain powdered rGO 11

This study sought to synthesize and characterize rGO as a solid-state electrolyte for batteries
through the Hummers method and the subsequent reduction of graphene oxide with a zinc
reductor. The rGO product was characterized with FTIR, SEM, XRD, an LCR-meter, and a
digital multimeter.

METHOD
Sample
The sample used for this study was extracted from the graphite core of a 2B pencil faber castell.

Materials

The materials needed were graphite, distilled water smart lab A-1078, 95-97% H>SO4 merck
1.00731.2500, NaNOs merck 1.006537.0500, KMnO4 merck 1.05082.250, 30% H,0, merck
1.07209.1000, 35% and 5% HCI merck 1.00317.2500, zinc powder merck 1.08789.0500, and
Whatman filter paper merck 1001-090.

Equipment

The tools and equipment utilized in this study were an analytic scale, porcelain bowls, funnels,
measuring flasks, volumetric pipettes, measuring beakers, spatulas, hot plates, ovens, pH
meters, Erlenmeyer flasks, ice bath, centrifuge, ultrasonic cleaner, glass beakers, batteries, as
well as LCR meter merck Hioki IM3533, digital micrometer merck DT-9205A, X-ray
diffraction (XRD) merck Rigaku Miniplex, scanning electron microscopy (SEM) merck JEOL
JSM-6510LA, and Fourier transform infrared sprectroscopy (FTIR) instruments merck
Shimadzu type prestige 21.

Synthesis of Graphite Oxide

Graphite oxide was synthesized through the Hummers method. 1.2 grams of graphite and 2
grams of NaNOs were dissolved in 50 mL of 97% H>SO4 and stirred for 2 hours at a
temperature of 0-6°C. 6 grams KMnO4 was slowly added into the solution while maintaining
a temperature below 14°C, and then the solution was further stirred for 2 hours at a controlled
temperature of 30°C. 100 mL of distilled water was added slowly, keeping the temperature
below 96°C. Then another 200 mL of distilled water was added, followed by 8 mL of 30%
H>0>. The solution was centrifuged at 5000 rpm for 15 minutes and then rinsed with 5% HCL
and distilled water until the pH was close to neutral, then filtered and dried at 110°C for 12
hours to produce sheets of graphite oxide 1121,
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Reduction of Graphene Oxide

0.4 grams of GO was dissolved in 40 mL of distilled water, then subjected to ultrasonic
treatment for 150 minutes to exfoliate graphite oxide into graphene oxide. 0.8 grams of Zn and
10 mL of 35% HCI was then added into the solution and stirred for 1 hour. 10 mL of HCI 35%
was subsequently added and stirred again for 30 minutes before being rinsed with 5% HCI and
distilled water until the solution’s pH was neutral. The rinsed precipitate was put into a small

stainless-steel container and heated in an oven at 200 °C (18 hours) to produce rGO powder
[11].

Characterization of Graphite, Graphite Oxide, and rGO

The characterization of the sample consisted of the characterization of functional groups
through FTIR, diffraction patterns and crystallinity level with XRD, morphological analysis
with SEM, and electrical conductivity with an LCR meter B!

Scheme to determine conductivity
Sample preparation

Prepare rGO samples in the form of powders.
Dimmension Measurement

Measure the physical dimensions of the sample (length, width, and thickness) accurately using
measuring instruments such as a micrometer.

Selection of Measurement Method

Place four electrodes on the sample, two electrodes are tested for current, and the other two
electrodes are measured for voltage. Resistance is obtained from the ratio of voltage to current.
Place four electrodes on the sample, two electrodes are tested for current, and the other two
electrodes are measured for voltage. Resistance is obtained from the ratio of voltage to current.

Conductivity Calculation

Conductivity (c): Calculate conductivity using the formula:

Conductivity (o) = %
Where
o = Conductivity (S/cm)
G = Conductance (S)
L = Sample Thickness (cm)
A = Electrode plat area (cm?)

Voltage and Current Measurement for rGO

This was performed by removing the electrolyte from a battery, stuffing the cavity full of rGO
tamped down to maximum density, then resealing the battery and measuring the resulting
voltage and current with a digital multimeter &1,
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RESULTS AND DISCUSSION
Synthesis of Graphite Oxide

The synthesis of graphite oxide was performed with the Hummers method 122 This process
began with the oxidation of graphite by means of an acidic oxidizer. At first, graphite and
NaNOs was dissolved in H.SO4 and stirred for 2 hours while the temperature was kept low at
0 - 6°C in order to prevent damage to the graphite oxide and avoid the formation of dangerous
gases in the form of NO, through the following reaction: (3}

NaNO; () H,30, ) — NaHSO0, + HNO,
4HNO; —» 4NO,+ 0+ 3H,0

The solution turned black during this oxidation process. Afterwards, KMnO, was added slowly
into it while maintaining a temperature under 14°C since KMnQOj4 could become explosive at
higher temperatures through the generation of Mn,O7. The addition of KMnO4 changed the
solution’s color into a greenish hue along with an exothermic reaction. The reaction that took
place in this oxidation phase can be described as follows: 23}

ZKMHO4 + H2804 B K2S04 + Mn207 + HzO

The solution was then stirred for 2 hours while maintaining a temperature of 30°C, turning a
brownish color in the process. This color change indicated that the reaction had taken effect
according to the following scheme: 123

3Mn207 — 6M1’102 + 302 + 03

To reduce the solution’s acidity and salt content, H,O was added slowly while maintaining a
temperature below 98°C, turning the solution dark brown. Then 30% H>0> 30% was added to
stop the oxidation, which changed the solution’s color once more to yellow. The reaction
involved in this phase is described as follows: [*3

2MnO, + 5H,0,+ 6H" ——3» 2Mn* +50,+ 8H,0

The solution was centrifuged at 5000 rpm for 15 minutes to separate its components, and then
the precipitate was extracted and rinsed with 5% HCI to remove contaminants such as metals,
salts, and other unwanted substances prior to being neutralized with distilled water. Once the
sample was neutral, it was dried in an oven at 110°C for 12 hours to produce sheets of graphite
oxide. The rinsing reaction can be described as follows: [*3)

2MnOy + 16HCl ——3» 6 CI+ 2Mn** + 5Cl, + 8H,0

Reduction of Graphene Oxide

The rGO process was carried out with a zinc reductor. 0.4 grams of graphite oxide was
dissolved in 40 mL of distilled water and stirred for 1 hour to homogenize the solution [**:
Ultrasonic treatment was performed for 150 minutes to disperse or exfoliate the graphite oxide
solution into graphene oxide with lower particle sizes. This exfoliation took place mechanically
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through interactions with ultrasonic waves and cavitation processes, which turned graphite
oxide into graphene oxide " The reactions could be described as follows: )

Zn+2H,0 —® Zn(OH), +2H" +2¢

Zn(OH);  — 7n0+H,0
GO+2H"+2¢ — GO

35% HCI 35% and 0.8 grams of Zn was added slowly to the resulting solution, producing gas
bubbles that indicated the ongoing oxidation process was eliminating imperfectly reduced
0Xygen groups.

X-Ray Diffraction (XRD) Analysis

XRD analysis was performed to find out the sample’s diffraction patterns and level of
crystallinity. Observations were made with X-ray diffraction at angles of 26= 5° - 90°. Figure
1 shows the resulting diffractograms for graphite, graphite oxide, and rGO.

rGO
Graphite Oxide
Graphite

Intensity (a.u.)

0 10 20 30 40 50 60 70 80 90
20/°

Figure 1. X-ray Diffractogram for Graphite, Graphite Oxide, and rGO

Graphite displayed values of 26 = 26.4853° and d-spacing = 3.3626 A with 99% crystallinity,
this result is obtained by calculating the peak area divided by the total area. Graphite oxide
displayed 26 = 10.6926° and d-spacing = 8.2672 A with 48.78%. The leftwards shift of 20 to a
lower value indicated a material change with fewer crystalline properties exhibited by the
graphite oxide. The widening of d-spacing could be attributed to the formation of phenol,
epoxy, ketone, carboxyl, and carbonyl groups that would facilitate exfoliation during the
reduction process. This result is consistent with those reported in [ [12. 1517} \where the average
26 for graphite was 26° with a d-spacing of 3 A while graphite oxide exhibited 26 = 10° with
a d-spacing of 8 A. Finally, rGO displayed values of 26=25.85° and d-spacing = 3.444 A with
48.76% crystallinity. The rightwards shift indicates successful reduction of the graphite oxide,
whereby the transformation from GO to rGO involved the loss of some phenol, epoxy, ketone,
carbonyl, and carboxyl groups 23 8 This is supported by ** which found rGO to have a 26
value of 25°with a d-spacing of 3A.
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Fourier Transform Infrared (FTIR) Spectroscopy Analysis

FTIR analysis was performed to determine the presence of functional groups from the spectrum
of vibrations observed in the sample. Figure 2 shows the FTIR spectra for graphite, graphite
oxide, and rGO.
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Figure 2. FTIR Spectra for Graphite, Graphite Oxide, and rGO

According to the FTIR spectrum, the graphite sample exhibited O-H vibrations at a wavelength
of 3429.43 cm?, C-O at a wavelength of 1737.86 cm™, and C=C at 1583.56 cm™. This result
is in accordance with those reported in 8. The graphite oxide spectrum exhibited a stretching
of O-H vibrations for hydroxyl groups at a wavelength of 3412.08 cm, stretching of C=0
vibrations for carboxyl groups at a wavelength of 1724.36 cm™, C=C vibrations at a wavelength
of 1627,92 cm™, and the appearance of a new intensity for C=0 vibrations (1737.86 cm™), C-
OH vibrations (1381.03 cm™), and C-O vibrations (1074,35 cm™), in accordance with the
results in 161 (18 120l These results indicated the successful synthesis of graphite oxide by the
formation of oxygen-based functional groups such as -COOH, C=0, C=C, C-OH, and C-O.
Graphite oxide is a lattice of sp? and sp® carbon atoms with insulating properties P! and the
results of this oxidation from graphite into graphite oxide should facilitate the exfoliation
process during the reduction of the graphene oxide 8 2!l Finally, rGO exhibited the partial or
total loss of the oxygen group C-OH, which indicated successful reduction by the presence of
O-H vibrations at a wavelength of 3431.36 cm™, C=0 (1722,43 cm™), C=C (1573.91 cm™),
and C-O (1080,14 cm™). These results are in accordance with I8 Structure Graphite, Graphite
Oxide, and rGO are presented in Figure 3.

Graphite Graphite Oxide GO

Figure 3. Structure Graphite, Graphite Oxide, and rGO 22
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Scanning Electron Microscope (SEM) Analysis

The rGO morphology was analyzed with an SEM. The SEM observation results of the rGO
samples at a magnification 10000x are presented in Figure 4.

SEl 1RV x10,000 1pm

Figure 4. SEM microgram of a). rGO syntheized in this study b). rGO synthesized in )

According to figure 4, the morphology of rGO at 10000x exhibited triple-layered foliation.
This contrasts to the result in 23l where the sheets/layers appeared to be thicker with wrinkled,
folded, and/or stacked layers. The triple-layered morphology of rGO in this study may be
attributable to the residual presence of oxygen-based functional groups, which led to the
development of separate thin layers. This conclusion is supported by the FTIR spectrum, which
indicated the presence of functional groups in the form of O-H, C=C, C=0, and C-O.

Electric Conductivity and Production in rGO

The effectiveness of rGO as an electrical conductor can be affected by the degree of success
achieved in the graphene oxide reduction process. The reduction method used in this study was
based upon that described in M Measurements of the rGO conductivity were made with an
LCR meter — an instrument used to measure the inductance, capacitance, and resistance of
components within an electrical circuit 24 While electrical power generation/storage was
measured with a digital multimeter B These measurements produced a conductivity value for
rGO of 0.000357005 S/c, a voltage of 1.21 Volts, and a current of 3.55 mA.

The solid-state battery electrolyte synthesized in this study exhibited a lower conductivity than
those in 31 but achieved a higher voltage than ' An earlier study by ° achieved a
conductivity of 6.945 x 10 S/cm in rGO from coconut shell charcoal and 1.806 x 10~ S/cm.
The synthesized rGO still has low conductivity, as this rGO contains defect structures due to
the presence of Oy insertion. This is supported by FTIR characterization, which shows the
abundance of O related functional groups such as O-H, C=C, C=0, and C-O. As a result, the
charge carrier mobility is hindered and the arrangement of the atoms formed is less orderly,
which disrupts electron transport.

CONCLUSION

The synthesis of rGO from graphite through the Hummers method and the reduction of
graphene oxide has been successfully achieved, whereby the XRD characterization of the rGO
produced a 20 value of 25.85° withad-spacing of3.444 A and 48.76% crystallinity,
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while FTIR characterization displayed vibrations from O-H groups at a wavelength of 3431.6
cm?, C=0 (1722,43 cm™), C=C (1573,91 cm™), and C-O (1080,14 cm™), and SEM analysis at
10000x magnification displayed a triple-layered morphology. The rGO thus synthesized had a
conductivity of 0.000357005 S/cm, and produced a voltage of 1.21 Volts and a current of 3.55
mMA as a battery electrolyte.
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