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ABSTRACT

Due to the increase in bacterial resistance, the presence of antibiotic residues in ambient water is becoming a serious
problem. In order to stop antibiotic-related water contamination, graphene oxide has been extensively employed as an
advanced adsorbent. In this study, cassava peel was utilized to create graphene oxide, which was then applied as an
adsorbent to remove tetracycline. The modified Hummers technique was used to produce graphene oxide, along with
an oxidizing agent. Studies have been done on graphene oxide characterization and adsorption process optimization.
According to the study, tetracycline removal was best accomplished under settings that included an adsorbent mass
of 20 mg, an antibiotic concentration of 10 ppm, a pH of 5, and a contact period of 10 minutes. The adsorbent substance
has shown promise in removing tetracycline from aqueous environments.

Keywords: Adsorbent; Agriculture Waste; Graphene Oxide; Tetracycline.

RASAYAN J. Chem., Vol. 17, No.1, 2024

INTRODUCTION
The use of antibiotics in human medicine for the treatment and prevention of illnesses, as well as in
agricultural sectors for the development and production of animals and plants, has been widespread across
the world.! Antibiotic usage has reportedly increased significantly during the COVID-19 outbreak.
Antibiotic residues are a result of this, and they have recently become a significant problem, particularly in
aquatic environments.? Tetracycline is a common antibiotic used in human health, agriculture, and the
animal sector because of its high quality and reasonable price.? Tetracycline antibiotics are either directly
or indirectly released into the aquatic environment, which can result in pollution. Antibiotics used by people
and animals are around 30%-90% excreted through feces and urine as unaltered parent chemicals.** Due
to the release of antibiotic residues from wastewater treatment facilities, veterinary waste, and agricultural
runoff, they are frequently discovered in soil, surface water, groundwater, milk, and drinking water.® The
widespread use of antibiotics can have several negative consequences, including acute and long-term
toxicity, damage to aquatic photosynthetic organisms, disruption of the native microbial community, and
the proliferation of antibiotic-resistant genes in microorganisms.”!? Tetracycline antibiotics, in particular,
have been found to impair crucial soil activities, such as microbial soil respiration,'! reduction of Fe(III),'?
nitrogenization activities,'*!'* and phosphatase.'> To remove this contamination from aquatic habitats, it is
necessary to address this issue and take action to reduce the overuse of antibiotics.!®!® Antibiotics can be
eliminated using a variety of methods, including membrane removal,'** degradation,?** electrochemical
approaches,*** and adsorption.? Adsorption is one alternative strategy that has the benefits of being
inexpensive, simple to build, and simple to use.?” Activated carbon,?® chitosan particles,* coal humic acid,*
and smectite clay’! have all been found to have the potential to adsorb and remove tetracycline antibiotics.
However, there is an increasing need to create techniques that are both effective and affordable to get rid
of these pollutants.>>** The huge surface area and superior adsorption capability of the carbon
nanostructured materials, including graphene oxide, make them suited for application as adsorbents.4-3
Graphene oxide has oxygen functional groups such as carboxyl, carbonyl, epoxy, and hydroxyl groups that
increase its activity.’’ According to reports, graphene oxide may remove heavy metals,*® organic
pollutants, antibiotics.*® Graphene oxide has historically been derived from non-renewable minerals,
however, to support sustainability and facilitate the accessibility of graphene oxide, various efforts have
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been made to produce graphene oxide or graphene oxide using alternative sources that are abundant, cost-
effective, and environmentally friendly.*' Using inexpensive adsorbents made from agricultural waste has
been recognized as an environmentally responsible adsorption strategy. These adsorbents assist in reducing
agricultural waste and fostering its recovery and reuse in addition to aiding in the removal of contaminants
like antibiotics from aquatic environments. Agricultural waste, including maize cobs, rice grains, soybean
dregs, and cassava peels, can be a substitute supply of adsorbent material in agricultural nations like
Indonesia. According to data from the Bureau of Central Statistics,*” Lampung Province is Indonesia's top
cassava grower, with an annual production of 6.683 million tons and an average yield of 25 tons per hectare.
Following this rise in cassava output comes a rise in cassava peel trash that hasn't been properly used. This
waste has the potential to be employed as a raw material for the synthesis of graphene oxide due to its high
cellulose content and somewhat high carbon content.’! The objective of this study was to investigate the
potential use of graphene oxide derived from cassava peel as an adsorbent for the removal of tetracycline
from aqueous solutions. To validate the graphene oxide, the produced material was examined by X-Ray
Diffraction (XRD), Fourier Transform Infrared (FTIR), Raman, UV-Vis, and Scanning Electron
Microscopy-Energy Dispersive X-ray (SEM-EDX). To achieve maximum adsorption, optimization of
various parameters is essential. This study assesses the influence of different adsorbent masses, pH levels,
starting adsorbate concentrations, contact times, and desorption solvents. The examination involves making
adjustments to these parameters to comprehend their effects on the adsorption process.

EXPERIMENTAL

Material and Methods

Cassava peel waste was employed as one of the chemicals in this experiment. Standard tetracycline
hydrochloride was acquired from Sigma-Aldrich, and other chemicals were of the analytical reagent grade
and weren't further purified before usage. Glassware, a magnetic stirrer hot plate, a centrifuge, an oven, an
ultrasonic pH meter, an X-ray diffractometer (PANalytical X'Pert3 Powder), an energy dispersive X-ray
scanning electron microscope (EVO® MA 10), and an ultraviolet-visible spectrophotometer (Agilent Cary
100) were used in this experiment.

General Procedure

Synthesis of Graphite from Cassava Peel

Cassava peel waste was divided into small pieces, rinsed many times in water to remove dirt and dust, and
then dried for two to three days in the sun and for one and a half hours in a hot oven. The dried cassava peel
was crushed into a powder, which was then added to a crucible cup in an amount of up to 6 g and heated
for 2 hours at 350 °C. To be employed in the following step, the acquired charcoal is crushed using a mortar
after cooling in a desiccator for 15 minutes.* 5 g of carbonized charcoal was weighed out and placed into
a 1000 mL beaker glass. 500 mL of distilled water was added, and the mixture was stirred at 600 rpm with
a magnetic stirrer. Next, 4 mL of the FeCl3.6H,O solution was added, and the rotation speed was raised to
900 rpm at room temperature. By gradually adding 1 M HCI, the pH of the combined solution was brought
near to pH 2, and it was then agitated at 60 °C for 5 hours. To separate the supernatant from the graphite
precipitate, the solution was centrifuged. After being rinsed in distilled water, the precipitate's pH was raised
to 7, at which point it was dried in an oven at 50 °C for 8 hours and then at 110 °C for 5 hours. After cooling
in the oven, samples are placed in a desiccator for 15 minutes.*

Synthesis of Graphene Oxide with Modified Hummers

In a fume hood, 1 g of graphite was placed into a beaker. Next, 23 mL of concentrated H,SO4 was added,
and the mixture was agitated for 30 min in an ice bath (0 °C) using a magnetic stirrer. 3 g of KMnO4 were
gradually added to the mixed solution while the temperature was kept below 10 °C. The temperature was
raised to 98 °C while 46 mL of distilled water was gradually added after 30 minutes of stirring at 35 °C.
The mixture was then allowed to stand for 15 minutes.** 10 minutes of stirring and the addition of 140 mL
of distilled water were followed by the addition of 10 mL of a 30% H,O; solution to stop the reaction. 5%
HCI solution was used to rinse the resultant suspension many times until the sulfate disappeared, tested
with barium chloride, and periodically cleaned with distilled water until the pH reached 5. After that, the
precipitate and solution were separated using centrifugation for 10 minutes at 5000 rpm. To create graphene
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oxide, after being combined with 450 mL of distilled water, the precipitate was sonicated for 2 hours. After
that, the filtrate was dried for 5 hours at 60 °C in an oven.*

Detection Method

Characterization of Graphene Oxide

With the use of FT-IR and Raman spectroscopy, the properties of the functional groups in graphene oxide
were determined. Graphene oxide surface morphology and quantitative content were studied using SEM-
EDX. XRD was used to determine the molecule's crystalline phase.

Optimization of Tetracycline Antibiotic Adsorption

A beaker glass was filled with graphene oxide at various concentrations of 5; 10; 15; 20 and 25 mg/g, and
10 mL of a standard tetracycline solution at 10 ppm was added. After stirring the resultant mixture for 30
minutes, graphene oxide was extracted from the solution by centrifuging it for 15 minutes at 10,000 rpm.
The filter paper was used to filter the solution, and a UV-Vis spectrophotometer operating at a wavelength
of 356 nm was used to evaluate the filtrate. The other optimization involved changing the pH, the amount
of adsorbate, the contacting period, and the desorption solution.

RESULTS AND DISCUSSION

Synthesis of Graphene Oxide

Different colors that appeared during the production process were proof that graphene oxide had formed.
A thick green solution quickly appeared after adding an acid combination to a beaker containing a mixture
of graphite and potassium permanganate, suggesting the synthesis of dimanganese heptoxide (Mn,0O) and
an increase in temperature from room temperature to 50 °C. Exothermic redox processes were present, as
evidenced by the temperature increase that was seen. The initially created thick slurry solution then
progressively changed into a brown solution as a result of constant stirring and heating, adding support to
the previously reported effective synthesis of graphene oxide.*

Characterization of Graphene Oxide by FT-IR

Figure-1 displays the outcome of FT-IR characterization. The stretching vibrations of the O—H bond
(hydroxyl group) is seen as a prominent band at 3204 cm™ in the IR spectra of materials that resemble
graphene oxide. Because graphene oxide is hydrophilic and allows water molecules to adsorb on its surface,
this band is present.** Additionally, there is absorption at 1706 cm™!, which shows that C=0 (carbonyl)
groups are being absorbed. Additionally measured absorptions at 1359 cm™ and 1034 ¢cm™! show that the
produced graphene oxide contains C—O—C (epoxy) groups. The functional groups in modified graphene
oxide Hummers have oxygen groups, namely carbonyl (—C=0), carboxyl (—COOH), and hydroxyl (—OH),
as was discussed above. The presence of a functional group that is appropriate for pure graphene oxide in
this FT-IR spectrum demonstrates that the production of graphene oxide was effective.’
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Fig.-1: FTIR Spectrum of Graphene Oxide Derived from Cassava Peel

Characterization using X-ray Diffraction (XRD)

The graphene oxide's XRD pattern in Fig.-2 shows an amorphous diffractogram with one dominating peak
at 24.71° in the 2 area, which is typical for these carbons.*® The use of raw materials derived from natural
resources can be attributed to the sample's existence of the amorphous phase.*’
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Fig.-1: XRD Diffractogram of Modified Graphene Oxide Hummers

Given that graphene oxide is a natural compound that is difficult to crystallize, it is known from Fig.-2 that
the diffractogram pattern for this material likewise manifests at the peak of the 20 area of 10° with an
amorphous diffractogram pattern. Another study*® also came to the same conclusions, finding that the
amorphous peak shapes in the MGOS XRD spectra before and after adsorption on tetracycline were almost
identical. The graphene oxide peak's diminished intensity at an angle of 20 10.1° and its shift to 7.9° are
the primary distinctions. Strength declines, which suggests a decline in crystal level. Tetracycline
adsorption results in an increase in the layer gap between graphene oxide sheets, which may be the result
of tetracycline molecules intercalating into the intercalation of the graphene oxide sheets, as shown by the
20 angle shift in the smaller direction.

Characterization using Scanning Electron Microscopy (SEM)

The graphene oxide surface morphology, which appears as a sheet-like structure in Fig.-3 SEM picture, is
typical of graphene oxide. Exfoliation of the graphene oxide surface is shown to generate distinct thin layers
with a smooth surface and wrinkled region. This picture also demonstrates that samples, as described in the
previous research, have strata with various degrees of transparency.*” The graphene oxide surface also has
several protrusions and curved forms.
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Fig.-2: SEM Image of Graphene Oxide Derived from Cassava Peel

Characterization using Raman Spectra

Figure-4 displays the graphene oxide's Raman spectrum. Two peaks, representing the D band and the G
band, can be seen in the picture at wave numbers 1363 cm™ and 1598 cm™!, respectively. The D band is
produced by vibrational modes linked to edges, accompanying impurities, and structural flaws in graphite.
The sp? carbons in graphene sheets have been stretched, as shown by the distinctive D-bands.
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Fig.-3: The Raman Spectra of Graphene Oxide Derived from Cassava Peels
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The G-bands, which result from vibrations in the typical graphite structure, are visible in the illustration. It
is equivalent to stretching sp? carbon. These two peaks, which are characteristic Raman vibrational modes
for carbon-based materials, show that the reported graphene oxide contains sp>-hybridized carbon. Our
Raman results are consistent with Sujiono et al.*’ method of characterizing graphene oxide made from
discarded coconut shells, and with Somanathan et al.>° utilization of graphene oxide made from sugarcane
bagasse.

Adsorption of Tetracycline with Graphene Oxide

Figure-5 shows the tetracycline adsorption spectrum onto graphene oxide. At 275 and 356 nm, the
tetracycline spectrum shows absorption peaks. These absorption peaks, however, are no longer visible in
the tetracycline spectrum after adsorption with graphene oxide. This shows that the tetracycline and
graphene oxide surface had an adsorption relationship. Tetracycline and the graphene oxide surface are said
to have formed hydrogen bonds and interacted with each other to cause this adsorption. These results are
in line with what Ai et al.”' stated.
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Fig.-4: UV-Vis Spectrum of Adsorption Tetracycline Solution with Graphene Oxide

Adsorption kinetics and Adsorption Isotherm

The Langmuir and Freundlich equations were used to fit the observed adsorption isotherms, and the
adsorption kinetics were modeled using the pseudo-first- and pseudo-second-order. According to research
findings, tetracycline was absorbed by free graphene oxide dispersion within 90 minutes. Tetracycline may
easily diffuse onto the graphene oxide surface as all of its surfaces are accessible to the solvent.*® In contrast,
it takes more time for diffusion to reach the inner surface of graphene oxide. On graphene composites, other
studies also noted slower antibiotic kinetics. For instance, Yu et al.>> discovered that it took 24 hours for
ciprofloxacin adsorption on sodium alginate or graphene oxide beads to plateau. Ciprofloxacin adsorption
on composites made of graphene and soy protein took 24 hours to reach equilibrium, according to Zhuang
et al>® Tetracycline adsorption on GO-Fe;Os did, however, approach a plateau after 10 minutes, as
demonstrated by Lin et al.>*. Fast kinetics and a relatively low capacity for adsorption show that the majority
of adsorption only happens on the outer surface of GO-Fe;O4. Pseudo-first-order and pseudo-second-order
models were used to assess the kinetic data. Compared to the pseudo-first-order model, which has an R?
value of 0.9951, the pseudo-second-order model has a better R? value. This demonstrates that the pseudo-
second-order model is appropriate to represent the tetracycline on graphene oxide adsorption kinetics.

Table-1: Kinetics Parameters for the Adsorption of Tetracycline on Graphene Oxide

Adsorbent Adsorbate Kinetic Models
Pseudo-first-order Pseudo-second-order
K1 R? K2 R?
Graphene Oxide Tetracycline 0.04021407614 0.8272 -0.5565 0.9951

The equilibrium results were further investigated using the Freundlich and Langmuir isotherm models, as
Table-2 illustrates. Figure-8 and 9 illustrate the plots for the Langmuir and Freundlich isotherms,
respectively. According to the correlation coefficient (R?) value, both isotherm models may be used to
predict how tetracycline would bind to graphene oxide, although the Langmuir model is preferable to the
Freundlich model in this case. Table-2 contains the isotherm constants, which were computed using the
slopes and intercepts of the linear plots. The Freundlich isotherm model constant (n) is connected to the
adsorption capacity, whereas the constant of b is related to the adsorption energy of the Langmuir isotherm
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model (L g'!). The Langmuir isotherm model is predicated on the idea that adsorption is confined, restricted
to monolayer coverage, and unrelated to the quantity of material adsorbed. In the Freundlich isotherm
model, it is presumed that the heat of adsorption does not vary linearly with surface area but instead varies
exponentially.*
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Fig.-5: Pseudo-First-Order Model
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Fig.-6: Pseudo-Second-Order Model

Table-2: Parameters of Tetracycline Adsorption Isotherm on Graphene Oxide. (b is Langmuir Constant; n is

Freundlich Constant)

Langmuir Model Freundlich Model
b R? n R?
0.2958 0.9437 1.921968095 0.799
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Fig.-8: The Linear Langmuir Isotherms Fitted to the Adsorption of Tetracycline
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Fig.-7: The Linear Freundlich Isotherms Fitted to the Adsorption of Tetracycline

159
CASSAVA PEEL AS A POTENTIAL ADSORBENT Rinawati ef al.



RASAYAN J. Chem.
Vol. 17 | No. 1 |154-164| January - March | 2024

Adsorption Optimization
The following was researched and addressed on the impact of ideal conditions, including the mass of
adsorbent, pH, initial adsorbate concentration, contact period, and desorption solvent.

Effect of Adsorbent Mass

Figure-10 depicts the impact of the adsorbent mass on the tetracycline adsorption by corn cob-derived
graphene oxide. When the adsorbent mass was raised from 5 mg to 15 mg, the adsorption process increased
noticeably from 32.79% to 59.02%. After the adsorbent mass of 15 mg, this adsorption level gradually rose.
A mass of 20 mg of graphene oxide with a 62.26% adsorption rate produced the best results.
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Fig.-8: Effect of the Adsorbent Mass on the Tetracycline Adsorption

The adsorption rate decreased when adsorbent masses of 25 mg were used; this is because the greater
adsorbent mass results in density from overlap between adsorbent particles, which prevents the active side
of the adsorbent from being maximized during the adsorbate absorption process.>®

Effect of pH

Figure-11 illustrates how pH affects the graphene oxide's ability to bind tetracycline. At pH 5 (64.5%), the
adsorbed state was at its best. The adsorption then significantly decreased at pH 5. Tetracyclines exist as
cations at pH levels below 4 as a result of the dimethyl-ammonium group being protonated, according to
Ghadim et al.’” Tetracyclines occur as zwitterions at pH values of 3.5 to 7.5 as a result of the phenolic di-
ketone group losing a proton. Due to the loss of a proton from the tri-carbonyl system and the di-ketone
phenolic group, tetracycline exists as an anion at pH levels higher than 7. Additionally, according to Ali’¢,
graphene oxide's point of zero charge (PZC) generally ranges from 3.5 to 4. When the pH is less than or
equal to the PZC, the surface charge of graphene oxide is positively charged; when the pH is more than or
equal to the PZC, it is negatively charged. It was shown that graphene oxide experiences diverse degrees
of deprotonation when subjected to different pH levels of adsorption. Because it has a positive charge at
pH 3, graphene oxide repels cationic antibiotics via electrostatic attraction. At pH 5, on the other hand, the
graphene oxide surface takes on a negative charge that improves the removal of cationic antibiotics. The
graphene oxide goes through more deprotonation when the pH rises to 7.0, which raises its
electronegativity. Tetracycline, on the other hand, doesn't charge up in neutral circumstances. As a result,
in contrast to settings with acidic environments, the capacity of positively charged tetracycline to be
adsorbed steadily declines. Since graphene oxide and tetracycline are both negatively charged at pH levels
higher than 7, the electrostatic effect or electrostatic repulsion is greatly reduced. These results closely
reflect those of research by Li et al.* that looked at how pH affected the adsorption of tetracycline
antibiotics onto commercial graphene oxide.
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Fig.-9: Effect of pH on the Tetracycline Adsorption
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Effect of Initial Adsorbate Concentration

Figure-12 illustrates how the starting concentration affected the tetracycline adsorption process. Adsorbate
concentrations between 20 and 80 ppm were used, which reduced the adsorption rate. According to the
results in Fig.-12, the tetracycline adsorption process by graphene oxide attained its ideal state at a
concentration of 10 ppm with a 66.96% adsorption rate.
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Fig.-10: Effect of the Initial Adsorbate Concentration on the Tetracycline Adsorption

As the adsorption capacity of the employed adsorbent decreases with falling adsorbate concentration,
saturation occurs. Notably, at lesser concentrations, the adsorbate blocks the active sites, however, at larger
concentrations, the blockage of the active sites in the structure of graphene oxide might rise and finally
reach saturation. Up until equilibrium is reached, the amount of adsorbate bound to the adsorbent surface
is greatly influenced by the length of contact between the graphene oxide adsorbent and the tetracycline
solution. The adsorbent surface becomes saturated with the adsorbate after equilibrium has been reached.
It is proposed that the adsorption capacity could increase with lower adsorbate concentrations. This
behavior is comparable to the findings of the study done by Yadav et al.>’

Effect of Contact Time

The outcomes depicted in Fig.-13 demonstrate a considerable improvement and a noticeable initial rise
during the adsorption process. The adsorption process, however, showed a practically steady trend when
the contact duration was increased over this cutoff, indicating that it had reached the equilibrium stage.
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Fig.-11: Effect of the Contact Time on the Tetracycline Adsorption

This behavior highlights the complex interaction between tetracycline compounds and graphene oxide that
controls the adsorption process. As the contact duration increases, the adsorbent becomes closer to
saturation, which reduces the effectiveness of adsorption. Notably, this discovered trend matches the results
of an experiment carried out concurrently by Chasanah et al.®° The effectiveness of graphene oxide from
cassava peel in removing tetracycline from the aquatic environment offers a basis for the development of
more efficient water management systems, with the potential for integration into water treatment systems
to reduce the impact of antibiotic residues on the environment and human health. However, the level of
adsorption should be increased for a more effective reduction of antibiotic residues.

CONCLUSION
The findings of this study's tetracycline adsorption behavior on graphene oxide made from cassava peel are
excellent. According to the results of its characterization, graphene oxide derived from cassava peel has
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functional groups such as hydroxyl groups that allow for strong contact with its active sites. On the produced
graphene oxide surface, tiny sheets of a smooth surface can be seen developing. According to kinetic
studies, equilibrium is attained using the pseudo-second-order model in about 10 minutes. The Langmuir
adsorption isotherm equations do a good job of describing the adsorption isotherms. An adsorbent mass of
20 mg, antibiotic concentration of 10 ppm, pH of 5, and contact time of 10 minutes are the ideal
circumstances. As a potential adsorbent for the removal of tetracycline from aqueous environments, the
promising material has showcased notable efficacy.
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