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ABSTRACT: Reduced graphene oxide (r-GO) is a derivative of graphene which has good electrical conductivity, so it can be used
as a composite in the industrial sector. The manufacture of graphene oxide (GO) as the basic material for r-GO is carried out using
green chemistry one of them is using the sonication technique and citric acid reductant. This research aims to isolated r-GO from
East Kalimantan Bituminous coal which has 70,24% carbon content. The citric acid was varied on 10%, 30%, and 50% and the
applies sonication duration was 10, 30, and 50 minutes. In order to obtain the optimal r-GO which was evaluated according to the
lowest yield. The optimal condition took place at 10% citric acid under 50 minutes sonication. The r-GO was characterized using
FTIR and it showed that the peaks of C-OH, C=C, and C-O-C exhibiting the high %T. The morphology of selected r-GO was closed
to the references based on SEM analysis. There was an increase about 50,20% of carbon content in r-GO (84,412%) compared to
the GO (56,199%). On the other hand, the percentage of oxygen decreased by 64,27% for GO (23,785%) to selected r-GO (8,498%).
There was a change of C:O ratio, from 2,409 (GO) to 9,935 (r-GO). Its density and pH for r-GO were 1,4 g/cm®and 2.
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1. INTRODUCTION

Coal is a sedimentary rock derived from dead plant residues with the main constituent composition in the form of organic
compounds that undergo a coalification process. In the process of coalification, cellulose will be converted into various categories of
coal, namely lignite, sub-bituminous, bituminous, and anthracite [1]. The percentage of different type of coal in East Kalimantan are:
low quality coal in the form of lignite with a distribution of 58.6%. Medium to high quality coal is subbituminous with 26.6%,
bituminous with 14.4%, and anthracite with 0.4% [2]. One of the largest coal producers in Indonesia is East Kalimantan with 47.58
billion tons [3]. In coal, there are external impurities in the form of soil attached to the coal surface and internal impurities in the form
of SiO;, Al,O3, CaSOa, Al;Si>Os(0OH)4, FeCOs, Fe03, FeS; and other metal oxides. In addition, coal generally has the highest silica
content followed by alumina, sulphur dioxide, and other oxides. However, in Loa Janan Coal, iron/Fe (Fe oxide) content has the
highest composition followed by silica. The iron content in Loa Janan Coal reaches twice the silica content and bituminous coal which
has 70,24% carbon content [4]. Coal is generally used as a fuel or energy source in an industry. Coal is one of the natural sources of
graphite with a degree of graphitization that can reach more than 80% [5]. Thus, coal can be used as a precursor or basic material for
the manufacture of r-GO (reduced graphene oxide).

Graphene is a semiconducting carbon material that has a two-dimensional hexagonal structure consisting of thin layers of sp?
carbon atoms connected through Van der Waals forces [6]. Graphene that has a carbon atom bonded with three carbon atoms will
create a honeycomb lattice [7]. Graphene has strong electrical, thermal and mechanical conductivity so that it can be an innovation
for the development of the electronics industry, aircraft, ultrasensitive sensors, thin-film transistors, and anti-corrosion, batteries,
supercapacitors, and so on [8]. The manufacture of graphene can be done by various methods using graphite as a base material.
Graphite has a multi-layered structure, while graphene has a structure consisting of one layer and is very different from the graphite
structure. Graphite will be oxidized to graphite oxide which will then be converted to graphene oxide (GO) and reduced to graphene
which has high selling value and wider utilization [5]. Graphene oxide has a sp® hybridized structure with a carbon layer formed from
oxygen functional groups. Graphene oxide will dissolve in a number of organic solvents, so it can be used as a combination of polymer
and ceramic materials because it has a high surface area [9]. Graphene has a derivative in the form of r-GO (reduced graphene oxide).
r-GO is the result of deoxygenation of graphene oxide which has reduced oxide groups and has a conductivity of 8000 S/m [10].
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There are several efforts that have been made in the isolation of graphene oxide from graphite in coal, namely methods such as
the Brodie method, Hoffmann method, Staudenmaier method, and Hummers method which uses hazardous compounds [11]. The
Brodie method is a method of making GO with graphite added with KCIO3 and reacted in fuming HNO3 for 4 days at 60°C. The
Staudenmaier method is a modification of the Brodie method by replacing fuming with concentrated H.SO4 and adding KCIO3 for 4
days. The Hoffmann method is a method of making GO using graphite with the addition of HNO3, H2SO4, and KCIO3. The Hummers
method is a method of making GO by adding concentrated H,SO, to graphite and adding KMnO,4 and NaNOs. However, these
methods have disadvantages such as requiring a long time process, using hazardous materials, and producing toxic gases such as NO>
and N,O4. In addition, these methods produce residual Na* and NO?* ions that are quite difficult to remove from wastewater [12].
However, the latest method that has been discovered and carried out by Mutrofin et al. graphene oxide can be produced by adjusting
pH 4 on coal leached using 0.1 M HCl assisted by a mechanical method, namely sonication for 3 hours. This method has the advantage
of being able to speed up the isolation time of graphene oxide as a precursor to graphene isolation, cost-effective, and simple [4].
Isolation of r-GO from GO can be produced from the reduction of oxide groups using organic acids such as citric acid [13]. Citric
acid in the isolation of r-GO from coal serves to remove minerals and metal ions present in coal. The organic structure will change
into a heterogeneous aromatic structure with the help of citric acid as a reductant. The increase in aromatic structure will result in
better coal quality than before [14]. The presence of a high energy source in the form of sound waves and high frequency can break
crystals into smaller sizes and have more active sides to react with the reductant to obtain isolated graphene. The sonication method
and the use of citric acid reductant also use the principles of green chemistry with the aim of reducing hazardous waste generated by
the use of solvents in the common r-GO manufacturing process.

This research aims to isolate r-GO from the isolated GO of East Kalimantan Bituminous coal using variations of citric acid
concentration as a reductant and variations in sonication approach duration. The isolation of r-GO is expected to produce optimal
yields with proper citric acid concentration and sonication duration, so that the resulting r-GO can be a potential candidate as a
composite in the industrial world to increase the thermal conductivity value of a material. The resulting r-GO obtaining under the best
citric acid concentration and sonication duration will be analyzed using Fourier Transform Infrared (FTIR) Spectrophotometer and
Scanning Electron Microscopy (SEM) with Energy Dispersive X-ray (EDX) to see changes in the oxide group content in the
compound.

2. METHOD
2.1 Material and Tools

The materials used were bituminous coal from Anugerah Bara Kalimantan company, HCI p.a, NaOH p.a. Citric acid, n-hexane,
toluene, and aquadest (Hydrobatt) which have analytical grade. 11 um filter paper (Hawach Scientific).

Tools and instruments used were drop pipette (Onemed), 1 mL measuring pipette (Iwaki Pyrex), suction ball (Sicherheits-
Pipettierball), glass stirrer (Pyrex), mortar stamper pestle (Onemed), 150 and 200 mesh sieve (Test Sieve), watch glass (Pyrex), digital
balance, oven, glass funnel (Pyrex), desiccator (Duran), 250 mL and 500 mL beaker (Pyrex), 250 mL and 500 mL erlenmeyer (Pyrex),
100 mL measuring cup (Pyrex), 100 mL and 10 mL volumetric flask (Pyrex), stative and clamp (Trivi), porcelain cup (Pyrex),
magnetic stirrer (Thermo Scientific Cimarec), hot plate (Thermo Scientific Cimarec), aluminum foil, plastic wrap, 1 mL pycnometer
(Pyrex), pH indicator (MQuant), FTIR spectrophotometer Variation fts 1000, ultrasonic cleaning bath DELTA D68H, and SEM-EDX
thermo scientific Phenom ProX.

2.2. Coal Preparation

The coal chunks were ground and pulverized using a mortar and pestle. Then, the coal that has been refined was sieved with 150
mesh and 200 mesh sievers. Coal with a size of 74.000 nm that has passed to 150 mesh siever and was retained on the 200 mesh
siever was heated for 10 hours at 40°C. The dried coal was then washed using aquadest with the ratio of coal and aquadest of 1:5.
Stirring was carried out for 3 hours at room temperature at a speed of 1500 rpm. After that, filtering was carried out with 11 um filter
paper. The filtrate from the filtration was collected in an erlenmeyer and the filtered coal was re-heated for another 10 hours at 40°C.
The dried coal was cooled in a desiccator until cold and was ready to be used.
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2.3. Isolation of Graphene Oxide (GO)

A total of 5,0 g of prepared coal was added to 250,0 mL demineralized water and 0.1 M HCI or 0.1 M NaOH was added until the
solution reached pH 4. Next, the solution was sonicated for 3 hours. Then, the solution was filtered using 11 um filter paper. The
filtrate from the filtration was collected in an erlenmeyer and the filtration results were oven for 10 hours at 40°C. The dried coal was
cooled in a desiccator until cold. The resulting graphene oxide (GO) was identified and characterized using FTIR spectrophotometer
FTS 1000 variation, SEM-EDX, density, pH, and solubility in n-hexane, toluene, and aquadest solvents.

2.4. Isolation of Reduced Graphene Oxide (r-GO)

A total of 1,0 g of isolated GO was added to 50,0 mL of aquadest into an erlenmeyer and covered with plastic wrap. Next, the
solution was sonicated for 2 hours. After sonication, the solution was added with various concentrations of citric acid, that is: 10%,
30%, and 50% in 10 mL of aquadest. The solution was sonicated again for 30 minutes and the solution was filtered using 11 um filter
paper. The filtrate from the filtration was collected in an erlenmeyer and the filtration results were put in the oven for 24 hours at
50°C. The dried r-GO was cooled in a desiccator until cold and the weight and yield calculations were carried out. The concentration
variation was repeated twice for each citric acid concentration. The result of adding citric acid concentration that was the lowest yield
would be used in the variation of sonication duration after the addition of citric acid. The lowest yield was chosen because citric acid
would reduce impurities in GO, so that the molecular weight would decrease. Reduced graphene oxide with the lowest yield would
also be characterized using an FTIR spectrophotometer of fts 1000 variation.

The isolated GO was weighed about 1,0 g and added 50,0 mL of aquadest into an erlenmeyer. Next, the solution was covered with
plastic wrap and sonicated for 2 hours. After sonication, the solution was added with citric acid solution with optimal concentration.
Then, the solution was sonicated again with variations in sonication duration of 10 minutes, 30 minutes, and 50 minutes. Afterwards,
the solution was filtered using 11 um filter paper. The filtrate from the filtration was collected in an erlenmeyer and the filtration
results were baked for 24 hours at 50°C. The dried r-GO was cooled in a desiccator until cold and weighed and calculated its yield.
The sonication duration variation was repeated twice for each sonication duration variation. The results of the sonication duration that
was the lowest yield would be identified and characterized using FTIR spectrophotometer FTS 1000 variation, SEM-EDX, density,
pH, and its solubility in n-hexane, toluene, and aquadest. The selection of the lowest yield was because citric acid would reduce
impurities in GO with an optimal sonication time, so that the molecular weight would be reduced as well.

2.5. Characterization and Identification of GO and r-GO

The results of the study were characterized using FTIR spectrophotometer FTS 1000 variation, SEM-EDX, density, pH, and
solubility in n-hexane, toluene, and aquadest. Fourier Transform Infrared (FTIR) spectrophotometer was used to identify the
functional groups of GO and r-GO that could be analyzed such as carboxyl, epoxide, hydroxyl, and carbonyl groups [15,16]. Scanning
electron microscopy (SEM)-energy dispersive X-ray (EDX) was a combination of two types of instruments, namely SEM and EDX.
Scanning electron microscopy (SEM) is an instrument to determine the morphology or topology of the materials. The Energy
dispersive X-ray (EDX) is an instrument to determine the elemental components or chemical composition of material [17]. Thus,
SEM-EDX could be used in calculating the C:O ratio from GO to r-GO. In addition, for supporting data of r-GO isolation,
characterization is carried out using pH indicator paper on GO and r-GO filtrates, density measurements on GO and r-GO, and
solubility with n-hexane, toluene, and aquadest.

3. RESULTS AND DISCUSSION
3.1. Coal Preparation

Coal that has been pulverized with a size of 74.000 nm aims to expand the surface or active side in the coal. The more active
sides number of coal, the more GO will be produced. After washing and stirring the coal, the resulting filtrate was black which
indicated that there was coal passed the filtration. This indicated that stirring for 3 hours using aquadest produced a coal size that
was smaller than the pore of filter paper (11 pum). The coal retained on the filter paper was heated for 10 hours at 40°C. The use of
low temperature aimed to reduce organic volatile impurities in the coal without damaging the main carbon structure of the coal.
Thus, in coal preparation, more active side of coal would be obtained with concerning to minimize impurity content. Coal
preparation would result in an increased carbon content value and a decrease in the content of oxygen and other impurity minerals

[4].

8131 "Corresponding Author: Siti Mutrofin Volume 06 Issue 12 December 2023
Available at: www.ijcsrr.org
Page No. 8129-8138


https://doi.org/10.47191/ijcsrr/V6-i12-65
http://sjifactor.com/passport.php?id=20515
http://www.ijcsrr.org/

International Journal of Current Science Research and Review
ISSN: 2581-8341

Volume 06 Issue 12 December 2023

DOI: 10.47191/ijcsrr/V6-i12-65, Impact Factor: 6.789

IJCSRR @ 2023

)

LJCSRR

3.2. Isolation of Graphene Oxide (GO)

Graphen oxide isolation was carried out by adding aquadest to the prepared coal and adjusted using 0,1 M HCI to obtain pH of
4. Chloric acid solution was an oxidizing agent that would bind metal oxides. Graphene oxide isolation was obtained without going
through the stages of making graphite from coal. This was in accordance Mutrofin et al. who have successfully isolated GO from
coal using a mechanical method, namely sonication for 3 hours [4]. Thus, this method had the advantages of being cost-effective,
simple, and can speed up the isolation time of GO as an r-GO precursor. After sonication, the resulting filtrate was colorless and
had a pH value of 5. This indicated that the impurities or oxide groups present in the coal after washing had been successfully
reduced by the sonication method which could facilitate the release of hydrogen bonds into H,O and carbocations. The GO retained
on the filter paper was oven for 10 hours at 40°C. The used of this temperature aimed to reducing the organic volatile impurities in
the coal and the water content in the coal from the washing process would disappear slowly without damaging the carbon owned by
the coal. Thus, in coal preparation, more active side of coal would be obtained with reduced impurities.

3.3. Isolation of Reduced Graphene Oxide (r-GO)

The isolation of r-GO was done by adding aquadest into GO and sonicated for 2 hours. The sonication method was done in order
to break/cut the Van der Waals forces between layers so as to produced r-GO sheets that can improve electronic, mechanical,
thermal, and chemical properties [18]. This method can also break metal ions in a molecule, so that carbon bonds with oxide groups
could be released and form complex bonds with citric acid [19]. After sonication, the solution was added with varying concentrations
of citric acid, 10%, 30%, and 50%. Then, the solution was sonicated again for 30 minutes and the solution was filtered using 11 pum
filter paper. The resulting filtrate was yellow and had a pH value of 2. This proves that citric acid had successfully reduced the oxide
groups found on GO. Citric acid would oxidize and form oxidation compounds so that it would produce a yellow color in the filtrate.
After filtering, r-GO would be dried in the oven for 24 hours at 50°C and the yield calculation was carried out. The selection of the
lowest yield was because citric acid would reduce impurities in GO, so that the molecular weight would decrease. The yield
percentage of the influence of citric acid concentrations and sonication duration are in Table 1 and Table 2, respectively.

Table 1. Yield of Citric Acid Concentration Variation
Concentration Variation

Repetition 10% 30% 50%

1 89,66 102,38 117,35
2 89,64 103,69 117,75
Average 89,65 103,035 117,55

Table 2. Yield of Sonication Duration Variations
Variation of Sonication Time

Repetition 10% 30% 50%
1 87,89 89,66 90,38
2 88,11 89,64 90,18
Average 88 89,65 90,28

The lowest yield produced in citric acid variations was at a concentration of 10%, with an average of 89.65%. The yield values
that exceed 100% were at 30% and 50% citric acid concentrations. This could be caused due to citric acid concentrations that were
too saturated, thus making the oxide groups on GO will re-bond and make citric acid trapped in the GO layer so that the final GO
was greater than the initial GO weight. In addition, a t-test was conducted to see whether there was a difference between the three
concentration variations. From the calculation results, it could be concluded that the t-count was smaller than the t-table, so there
was no real difference between the three variations. Thus, a concentration of 10% citric acid was chosen to be used in the preparation
of r-GO with varying sonication duration.

Isolation of r-GO with variations in sonication duration was carried out by adding aquadest into GO and sonication for 2 hours.
After that, citric acid was added with the lowest yield, 10% citric acid concentration and continued with sonication again with
variations in sonication duration of 10 minutes, 30 minutes, and 50 minutes. The lowest yield of r-GO produced in the sonication
duration variation was 10 minutes with an average of 88%. The sonication duration of 30 minutes and 50 minutes had a higher yield
value. In addition, a t-test was conducted to see whether there was a difference between the three variations of sonication duration.
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From the calculation, it can be concluded that the t-count was smaller than the t-table, so there is no real difference between the
three variations. Thus, the r-GO isolated under a sonication duration of 10 minutes and citric acid concentration of 10 % was chosen
for further characterization.

3.4. Characterization and Identification
3.4.1. Density Indentification

Density is a measurement of mass per unit volume with standard units of measurement such as kg/m? or g/cc. The higher the
density or density of a compound, the greater the mass per volume [20,21]. Density functions in determining a compound. Each
compound would has a different density as its finger print. The difference in the density value of the compound could be caused by
the constituent components and the empty gaps between the constituent compounds [22]. Density measurements of GO and r-GO
isolation results were carried out using a 1 mL pycnometer according to ASTM standards D70-03. From the density measurement
results, it was found that the density of GO isolation was 1.1 g/cm® and r-GO had a density of 1.4 g/cm?. This has similarities with
Torrisi et al. which states that GO has a density of 0.981 g/mL and r-GO has a density of 1.5-1.9 g/cm? [23]. The formula for
measuring the density of solids is as follows:

W, — W,
P W= W) = (W — W)

Description:
W1: Empty pycnometer
W2: Pycnometer + solids
Wa3: Pycnometer + solids + water
W4: Pycnometer + water
3.4.2. Characterization Using Solubility

Solubility analysis on GO and r-GO isolation results was carried out using toluene, n-hexane, and aquadest. In aquadest GO
showed solubility which indicated the presence of carbonyl and carboxyl groups, thus causing GO to be hydrophilic, which was
easily soluble in water, producing a brown solution. In r-GO with the addition of aquadest showed insoluble results because r-GO
had hydrophobic properties that was hard to miscible in water. Furthermore, in toluene and n-hexane, GO was insoluble and r-GO
was partially soluble [24]. The isolated GO that was difficult to dissolve in organic solvents such as n-hexane and toluene was
because GO had strong hydrogen bonds between GO layers. All data related to GO and r-GO solubility are in Figure 1.

Solvents GO r-GO
- F]
Toluene i
Tﬁé&luble bartially Soluble
= B pE
N-Hexane
Insoluble Partially Soluble

.

Aqguademineralization i

Soluble Insoluble
Figure 1. Solubility Spot Test of GO and r-GO

=
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3.4.3. Characterization Using FTIR

Fourier transform infrared (FTIR) spectrophotometer analysis aimed to predict the type of bonding functional groups contained
in a compound. The functional groups of GO and r-GO that could be analyzed are carboxyl, epoxide, hydroxyl, and carbonyl groups.
On GO, the FTIR isolation results could interfere with oxygen-containing functional groups in sp? hybridization. The spectra of GO
and selected r-GO is in Figure 2. The infrared spectra of GO isolation resulted in peaks at 1607 cm™ and 1212 cm™ due to the
presence of a large number of aromatic C = C and epoxide groups with %T of 55.98% and 54.45%. Peak At 3696 cm™* showed the
O-H stretch in water with a transmittance of 96.13%. Peak at 3264 cm* showed the O-H group of alcohol with a transmittance of
75.14%. Peaks at 2919 cm and 1434 cm showed the presence of C-H alkyl group and C-OH vibrations with %T of 77.18% and
62.6%. In addition, at 469 cm showed mineral bonds with oxygen (Me-O) with a %T of 10%.

In the FTIR spectra of r-GO isolation resulted from isolations in sonication duration of 10 minutes, 30 minutes, and 50 minutes,
the spectrum at 3600-3200 cm™ increased in %T because the O-H groups in water and alcohol decreased due to deoxygenation with
citric acid and sonication. Peaks at 2950-2850 cm™ and 1600 cm* also increased which confirmed the presence of C-H alkyl and
C=C aromatic bonds that remained before and after oxygen reduction using citric acid. Peaks at 1400 cm™ and 1200 cm* showed
an increase in %T indicating a decrease in C-OH vibrations and epoxy groups indicating successful deoxygenation with citric acid.
In addition, at 460 cm™ there is also an increase in %T which indicates that the oxygen reduction process using citric acid and
sonication can reduce the mineral content in GO by forming mineral complexes with citric acid such as Si-O-Si. Thus, the highest
%T of FTIR results is owned by a sonication time of 50 minutes with a concentration of 10% citric acid which indicates that this
sonication time was optimal in producing r-GO which had the least oxide groups. The predicted reaction mechanism is in Figure 3.
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Figure 2. Infrared Results of GO and r-GO Isolation under Sonication Duration
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Figure 3. Predicted Reaction Mechanism between GO and Citric Acid
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3.4.4. Characterization Using SEM-EDX

Analysis using scanning electron microscopy (SEM) with energy dispersive X-ray (EDX) is to determine the morphology or
topology of GO/r-GO and the composition or chemical components. Scanning electron microscopy analysis conducted on GO shows
a thick and wrinkled surface with elemental composition near the surface showing a high percentage of carbon (C) and oxygen (O).
This indicated the presence of functional groups and the presence of weak Van der Wals bonds visible under the microscope with
added wrinkles [25]. The image of SEM in Figure 4 (a-b) showed that the morphology of GO was in the form of indentation or fold
lines. This indicated that the GO surface was very thin and folded due to the thermodynamic instability of the 2D material which
forms folds to reduce it was energy (Fauzi et al., 2021). The indentations were also seen in the morphology of r-GO but the surface
of r-GO showed more wrinkled indentations. This indicated that the r-GO sheet was thinner than GO so that the r-GO surface was
easier to roll. The wrinkles and indentations were caused by the reduction of oxide groups on the GO surface [26]. In addition, the
morphological differences between GO and r-GO could be seen in the pores formed. There was no pore formation in GO, while in
r-GO pores with a diameter of 659.52-1060 nm were formed. The used of citric acid with sonication had succeeded in removing
oxygen groups on the GO surface, resulting in the formation of layers and a decrease in the distance between GO layers that would
be seen in EDX analysis.

Figure 4. SEM results for GO (A-B) and r-GO (C-D)
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Figure 5. EDX spectra for GO (A-C) and r-GO (D-F)
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The difference between the EDX results of GO and r-GO lies in the oxygen element which was less than GO. This indicated that
GO had been successfully reduced to r-GO by reducing the oxygen-containing functional groups. The chemical composition of
EDX analysis can be used to determine the ratio of carbon and oxygen (C:0O) in GO and r-GO. From the calculation, the C:O ratio
analyzed is 2.409 and r-GO had increased by 9.935. In addition, there was an increase in carbon content of about 50.20% in r-GO
(84.412%) while GO (56.199%). On the other hand, oxygen decreased by 64.27% for GO (23.785%) to r-GO (8.498%). This
indicated that the used of citric acid with sonication succeeded in reducing oxide groups (-OH, -O-, -C=0, and -COOH) and
increasing the carbon number of GO. The results were comparable to those reported by Tran at al. in an effort to reduce GO using
ascorbic acid which states an increase in GO (1.60) to r-GO (4.03) [27]. Thus, the used of citric acid reduction using sonication
could effectively remove oxide groups on the GO surface significantly. All data extracted from EDX analysis is in Table 3 and
Table 4.

Table 3. Carbon-Oxygen Atomic Concentration Ratio (C:O) of GO

GO

Element Point 1 (%) Point 2 (%) Point 3 (%) Average C:O
C 53,552 56,806 58,241

(0] 23,318 27,911 20,125

C:O0 2,297 2,035 2,894 2,409

Table 4. Carbon-Oxygen Atomic Concentration Ratio (C:O) of r-GO

r-GO

Element Point 1 (%) Point 2 (%) Point 3 (%) Average C:O
C 85,603 84,856 82,777

(0] 8,631 8,605 8,257

C:O0 9,918 9,861 10,025 9,935

4. CONCLUSION

It can be concluded that the isolation of r-GO from GO bituminous coal of East Kalimantan was successfully carried out the GO
and r-GO are 1.1 g/cm® and 1.4 g/cm®. The filtrate in the manufacture of GO produces a pH of 5 and r-GO of 2. GO isolation shows
solubility in aquadest and is insoluble in toluene and n-hexane. Meanwhile, the isolated r-GO is partially soluble in toluene and n-
hexane and is insoluble in aquadest. The results of the FTIR spectra of GO and r-GO experienced an increase in %T which indicates
the success of the deoxygenation process in the O-H water, O-H alcohol, C-H alkyl, C=C aromatic, C-OH, C-O-C and Me-O
functional groups. In addition, the analysis using SEM shows that there are changes between GO and r-GO which the r-GO has
larger pores and more layers than the GO one. The EDX analysis reveals that the C:O ratio of r-GO is higher than the C:O ratio of
GO, that is 9.935 (r-GO) and 2.409 (GO). Thus, the isolation of r-GO from GO coal has been successfully carried out using harmless
materials and can potentially become a potential candidate as a composite in the industrial world to increase the thermal conductivity
value of a material.
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