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ABSTRACT

Synthesis of graphene oxide from a mixture of pure Graphite and seaweed charcoal using a modified
Hummers method was carried out with five variations of the composition, namely 100% graphite, 70% graphite—
30% seaweed, 60% graphite — 40% seaweed, 50% - 50%, 100% seaweed. From this experiment, it will be seen
how adding seaweed with Graphite affects the optical properties of the resulting graphene oxide.
Characterization was carried out using FTIR, XRD, and SEM, and for optical properties, a UV-Vis
Spectrophotometer was used. The FTIR test results showed the presence of carbon (C), hydrogen (H), and
oxygen (O) functional groups. The XRD test results showed the crystal size of graphene oxide, and the SEM test
showed graphene oxide's morphology in the form of thin sheets and chunks. The FTIR, XRD, and SEM tests
showed that adding seaweed with Graphite had no effect. The results of the UV-Vis Spectrophotometer test
showed that the highest absorbance value was at a variation of 50% - 50%, namely 49.547 at a wavelength of
245 nm, while for the lowest energy gap value, namely the variation of 100% seaweed 2.2875 eV and the highest
100% graphite 4, 2393 eV, the energy gap shows that there is an influence, the more seaweed composition used,
the lower the energy gap.
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I. INTRODUCTION

Indonesia is a maritime country with 2/3 of its territory consisting of oceans and has the longest
coastline, + 80,791.42 Km [1]. Around 27.2% of Indonesian waters are filled with flora and fauna species
worldwide, and seaweed is one of the marine biotas with the most significant volume in Indonesian waters,
around 8.6% of the total marine biota [2]. Sargassum sp contains bioactive ingredients: alginate, fucoidan,
fucoxanthin, and phlorotannin [3]. Besides that, it also contains active compounds of steroids, alkaloids,
phenols, and triterpenoids, which function as anti-bacterial, antiviral, and anti-fungal [4]; phenolic
components [5], phlorotannins are the most common type of phenolic component found in brown seaweed,
ranging from 0.74% to 5.06% [6]. The carbohydrate content of seaweed waste is 13-15% and has 16-20%
cellulose components and 7-8% lignin [7]. Graphene oxide is made from a mixture of Graphite and seaweed-
activated carbon. Carbon activation uses KOH compounds; previously, carbon was obtained by drying and
burning brown seaweed samples at 300°C. Use a temperature of 300°C because, at this temperature, the best
carbon is obtained from burning seaweed. Graphene has high electrical and thermal conductivity; because of
this, many scientists argue that graphene can store energy for applications such as batteries, solar cells, and
supercapacitor cells [8].

Graphene is a carbon allotrope with a two-dimensional shape and hexagonal bonds [9]. According to
[10], graphene oxide (GO) is oxidized graphene with bonds with a cluster function. There are two main
problems in obtaining graphene; first, how can we produce graphene sheets on a sufficient scale? Even though
graphite is cheap and available in large quantities, graphite is not easily peeled off to produce single-layer
graphene sheets. Moreover, the second problem is that graphene sheets are challenging to combine and
distribute homogeneously into various application matrices. The solution to this problem is that GO, which
contains many oxygen-based groups, can be obtained easily from graphite oxidation. GO is a compound
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derived from graphene, which contains carbon, oxygen, and hydrogen. So, researchers are interested in
making graphene oxide from pure graphite mixed with active carbon from seaweed to reduce the use of
graphite. The advantages of the Hummer method, which has been modified by [11], are that it is simple,
production costs are lower, the materials used are environmentally friendly, the product produced is more
orderly, and it takes a little less time when carrying out experiments.

Graphene oxide was synthesized using the modified Hummers method using H,S0,, KM, 0,, H,0,,
and N,NO; compounds. The reason for using the manufacture of graphene oxide from a mixture of Graphite
and seaweed is that Graphite is a natural rock that cannot be renewed, so its availability will decrease. Besides
that, using Graphite will require high costs; therefore, the researchers conducted an experiment using seaweed
mixed with Graphite, which can potentially be used as a layer of graphene oxide because seaweed contains
active carbon.

This graphene oxide synthesis mixes Graphite with seaweed-activated carbon and is carried out with
five composition variations. The result of this study is graphene oxide powder, which is then characterized to
see crystal size, morphology, and optical properties. The modified Hummers method was chosen to synthesize
graphene oxide because it has several advantages, such as lower production costs, the materials used are
environmentally friendly, and the time needed is shorter. The products are produced more regularly [11].In
this research, the author focuses more on the optical properties formed from the graphene oxide. They are
making graphene oxide by varying the composition of the mixture between pure Graphite and seaweed,
namely (100% graphite, 70% graphite-30% seaweed, 60% graphite-40% seaweed, 50% graphite-50%
seaweed, and 100% grass sea). This composition variation is carried out so that each increase in the
percentage of seaweed will affect the graphene oxide's optical properties and obtain optimum conditions. The
optical properties of graphene oxide will be characterized using a UV-Vis Spectrometer [12].

This study aimed to see how the effect of adding seaweed to Graphite on the optical properties of the
graphene oxide formed. The effect will be seen in every increase in the volume of seaweed carbon used. The
optical properties observed include the level of absorbance or the ability of the material to absorb light, and
the resulting Gap energy is also defined as the minimum energy required by electrons in the valence band to
move to the conduction band (energy gap).

Il. METHOD

Synthesis of graphene oxide from a mixture of seaweed charcoal with pure Graphite was carried out
with five composition variations, namely 100% graphite, 70% graphite-30% seaweed, 60% graphite-40%
seaweed, 50% graphite - 50% seaweed, and 100 % seaweed. The characterization results were obtained to see
the effect of these composition variations on the optical properties of the resulting graphene oxide. This
research is experimental, and the experiments were carried out in the materials physics laboratory, UNP
chemistry laboratory, and the LLDIKTI Region X laboratory, Padang, West Sumatra. The main ingredients
used to manufacture graphene oxide are pure Graphite and brown seaweed. These two materials will be
mixed with several composition variations to obtain graphene oxide powder. Five composition variations
were carried out, namely 100% graphite, 70% graphite - 30% seaweed, 60% graphite - 40% seaweed, 50% -
50%, and 100% seaweed. Graphene oxide was synthesized using a modified Hummers method, and this
method uses acetic acid (H,S0,), potassium permanganate (KM,,0,), hydrogen peroxide (H,0,), and distilled
water. The results of this graphene oxide synthesis will be characterized using FTIR to see the functional
groups formed, XRD to see crystal size, SEM to see morphology, and a UV-Vis spectrometer to characterize
optical properties in the form of absorbance levels and energy gaps formed using the Tauc method. Plot. Tauc
and colleagues first proposed the Tauc plot method to determine the band gap using absorbance data plotted
with energy [13].

The first step in preparing brown seaweed was to take it from the coastal waters of Bungus, West
Sumatera. We cleaned the seaweed and cut it into smaller pieces. Then, we dried it in the sun for two days. The
next step was to dry the seaweed in an oven at 105°C for 1 hour or 60 minutes to remove any remaining water
content. You could refer to Figure 1(a) for pictures of seaweed after being washed and Figure 1(b) for pictures
of seaweed after being baked.
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(@) (b)
Fig 1. (a) samples of seaweed after washing, (b) samples of grass after baking.

Figure 1 (a) showed seaweed that had been washed clean, while Figure 1 (b) showed seaweed that had
been baked. To obtain carbon, a sample was burned in a furnace. The burning process was carried out at a
temperature of 300°C for 30 minutes because this temperature produced the best quality carbon. Once burned,
the samples were crushed and filtered through a 170-mesh sieve to obtain fine carbon. The seaweed carbon
was then activated using KOH compounds to produce activated carbon. To do this, 8 grams of seaweed carbon
was mixed with a solution of 8 grams of KOH dissolved in 100 ml of distilled water. The mixture was stirred
for 15 minutes and left to stand for 24 hours. After that, the solution was neutralized by washing it with
distilled water, and the sample was baked in an oven at 105°C for 3 hours.

I11. RESULTS AND DISCUSSION

Figure 2 shows images of seaweed samples: (a) after being furnaced, (b) mashed, and (c) carbon after
activation using KOH

(@) (b) ©

Fig 2. (a) Seaweed samples after being furnaced, (b) Furnanced seaweed samples which were
mashed, (c) Seaweed carbon after it was activated (activated carbon).

Figure 2(a) shows a sample of seaweed treated with carbon in a furnace. In Figure 2(b), the carbon is
crushed using a mortar and pestle, and in Figure 2(c), the resulting carbon is activated using KOH.

The second step involves synthesizing graphene oxide. To do this, a mixture of graphite and activated
seaweed carbon is weighed in a 1.5-gram ratio. 34.5 ml of H,S504 and 0.75 ml of N;N O3 are added to the
weighed sample and then stirred for 20 minutes. The sample is then treated with ice cubes for two hours to
lower the risk of explosion when KM,,0, is added. Afterward, 4.5 grams of KM, 04 are gradually added to
the sample, which is stirred for 30 minutes without ice cube treatment.

The material is stirred in a fume cupboard while adding 69 ml of distilled water slowly. It is then
stirred for 20 minutes before adding another 100 ml of distilled water. The solution is mixed with 1.5 ml of
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peroxide acid (H,07) to reduce the bubbles resulting from mixing KM,,04, and then another 50 ml of
distilled water is added.

The sample is stirred and sonicated for two hours using ultrasonic to flake the graphite oxide into
graphene oxide. It is then left to stand for one day to form solid and liquid phases. Distilled water is repeatedly
replaced until a neutral pH of 7 is obtained, and then the sample is oven-dried at 60°C for 12 hours. The
resulting product is graphene oxide powder, characterized using FTIR, XRD, SEM, and UV-Vis Spectrometer.

Graphene oxide is a material that consists of several functional groups. The FTIR tool is used to
characterize graphene oxide and identify the composition of the functional groups formed. The test is carried
out from a wavelength of 500-4000 cm-1. The results of the characterization of graphene oxide with FTIR are
presented in a graph showing the peaks containing functional groups. The graph of the results of the FTIR
characterization of the five graphene oxide samples can be seen in Figure 3.
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Fig 3. FTIR test results of graphene oxide samples for five composition variations

From Figure (3), it can be seen that the functional groups detected from five graphene oxide samples
based on variations in composition, namely the presence of carbon (C), Hydrogen (H), and Oxygen (O) bonds
which form functional group bonds O-H, C=0, C =C, and C-O.

This shows that graphene oxide has been formed, where graphene oxide contains carbon (C),
hydrogen (H), and oxygen (O) bonds. The O-H functional group in graphene oxide indicates the presence of
carboxylic acid compounds, alcohol, phenol (H bonds), and phenol (monometer). The C=0 functional group
bonds in graphene oxide indicate the presence of aldehyde, ketone, carboxylic acid, and ester compounds.
C=C functional group bonds in graphene oxide, which indicate the presence of alkene compounds and
aromatic rings. C-O functional group bonds in graphene oxide indicate the presence of ester, alkyl, vinyl
ether, and aromatic compounds.

The characterization results of graphene oxide for five composition variations provide information in
graphs displaying the diffraction peaks. The graph of the results of the XRD characterization of the five
graphene oxide samples can be seen in the following figure (4):
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Fig 4. XRD pattern of graphene oxide samples for five composition variations

The graph in Figure 4 displays the diffraction peaks and their corresponding Miller indices. This
data can be used to determine the average size of the graphene oxide crystals. In analyzing the XRD data
processing results, it is evident from the graph that a composition of 100% graphite exhibits no discernible
peak at an angle of 24 degrees. However, with the addition of seaweed, visible peaks emerge at this angle for
compositions of 70% graphite - 30% seaweed, 60% graphite - 40% seaweed, 50% graphite - 50% seaweed, and
100% seaweed. This observation suggests that incorporating seaweed enhances the quality of produced
graphene oxide. Furthermore, correlating these findings with the energy gap results reveals a trend: as the
proportion of seaweed increases, the energy gap decreases, approaching the ideal energy gap value. Thus, it
can be inferred that higher seaweed compositions yield graphene oxide with superior optical properties.

The characterization results using SEM provide information in the form of morphology and particle
size of the resulting graphene oxide. The morphological forms of the five graphene oxide samples can be seen

in Figure 5 (a-e) :

(2)100% Graphite

(b) 70% Graphite — 30% seaweed carbon
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(e) 100% seaweed carbon

Fig 5. The morphology of the SEM test results (a) 100% graphite, (b) 70% graphite-30%
seaweed carbon, (c) 60% graphite-40% seaweed carbon, (d) 50%-50%, (e) 100% seaweed
carbon
From Figure 5(a)-5(e), it can be seen that the morphology of graphene oxide is that some are in the
form of lumps, some are hollow layers, and some are flaky, which indicates that graphene oxide has been
successfully formed. From the data obtained, the average grain size of each sample can be found.
The characterization results used a UV-Vis spectrometer to determine the optical value of the
resulting graphene oxide. The data obtained is then processed, and the absorbance level of each sample is
obtained. The absorbance level of the five graphene oxide samples can be seen in the table (1) below:

Table 1. UV-Vis Spectrum and Absorbance

Composition Wavelength (nm) Absorbance
100% Graphite 203 30,971
70% graphite — 30% seaweed carbon 275 42,55
60% graphite — 40% seaweed carbon 272 32,754
50% - 50% 245 49,547
100% seaweed carbon 294 17,991

Table (1) shows the highest absorbance values obtained at specific wavelengths, and the data shows
that the obtained absorbance values are still in the graphene oxide wavelength range. The ideal absorbance
peak is around a wavelength value of 250 nm [14]. There is also a study on graphene oxide, which gets an
absorbance peak at a wavelength of 230 nm, and he says this is included in the absorbance range of graphene
oxide [15]. A study also uses the LPE method to get an absorbance peak of 270 nm [16].

The optical value of a graphene oxide is also determined by the value of the energy gap/energy band
gap obtained from the data processing results using the Tauc Plot method. The following is a graph of the
results of data processing that displays the gap energy for each sample, as shown in Figure 6 :
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Fig 6. Gap energy values (a) 100% graphite, (b) 70% graphite-30% seaweed carbon. (c) 60%
Graphite- 40% seaweed carbon, (d) 50%-50%, (e) 100% seaweed carbon

Based on the graphs in Figure 6(a) — 6(¢), the band gap energy values from lowest to highest
sequentially are in the composition of 100% seaweed with 2.2827 eV, 50% - 50% with 3.8606 eV, 70 %
graphite — 30% seaweed with 3.9828 eV, 60% graphite — 40% seaweed with 4.0241 eV, and 100% graphite
with 4.2392 eV. Graphene oxide generally has a band gap value of around 2.7 — 4.2 eV [14]. For example,
research on graphene oxide from graphite powder produces a band gap value of around 4.2 eV [16], and
some obtain band gap values in the 2.9 - 4.4 eV [17]. From the results of band gap data processing using the
Tauc Plot method, band gap results are obtained in the range of 2.2 eV — 4.2 eV. This data is under the
graphene oxide band gap obtained by other researchers, proving that the sample made has formed graphene
oxide. / synthesis of graphene oxide from pure graphite and seaweed was successfully carried out. Judging
from the band gap data obtained, the more seaweed composition is used, the more the band gap value of
graphene oxide will be reduced. However, the band gap value obtained is still in the semiconductor band
gap range, below 6 eV, which means that the graphene oxide powder made can be utilized. as a
semiconductor device. As for the graphene material itself, it does not have a band gap or a value of 0 band
gap [16]. This graphene oxide will be applied as a semiconductor device in which the semiconductor has a
band gap of <6 [13].

1IV. CONCLUSION
According to research conducted on the effects of adding Seaweed Charcoal (Sargassum sp) with pure
Graphite on the optical properties of graphene oxide synthesized using the modified Hummer method, it was
found that the absorbance values of each sample were within the range of 200 nm to 300 nm, which is the
range of absorbance values of graphene oxide. The results of the energy gap analysis indicate that the 100%

Pillar of Physics, page 11-19. | 18



Kurniawat, et al

graphite variation has the highest gap value, while the 100% seaweed variation has the lowest gap value. This
proves that adding seaweed to pure Graphite reduces the energy gap of graphene oxide.

For future research, it is recommended to pay attention to several material conditions and use samples

with high carbon content while using different variations, to provide better results..
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