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Abstract. The antibiotic ciprofloxacin (CIP) is a non-biodegradable pharmaceutical
compound that can pollute the environment, cause microbial resistance, and disrupt the
photosynthesis process. Waste containing this material must be degraded before being
discharged into the environment. A material that is quite promising for degrading the
antibiotic ciprofloxacin is biochar-nZVI/graphene nanosheet. Biochar-nZVI/graphene
nanosheet was successfully synthesized using the starting materials of rice husk, iron
sulfate heptahydrate, and graphite to prepare biochar, nZVi, and graphene nanosheet,
respectively. The composite product formed from these three components, biochar-
nZVI/graphene nanosheet, was characterized using XRD, FTIR, and SEM-EDX. The
synthesized product was tested for degradation of the antibiotic ciprofloxacin by
activating persulfate (PS) from peroxydisulfate (PDS). The results show that biochar-
nZVI/graphene nanosheet can significantly degrade the antibiotic ciprofloxacin. The
radical species *SO4 and *OH play an important role in the degradation of this antibiotic.

1. Introduction

Covid-19 is a disease caused by the SARS-CoV-2 virus. The virus operates by attacking the
respiratory system and can lead to complications [1]. One of the antibiotics that can be used in
the treatment of Covid-19 is ciprofloxacin. This antibiotic can be used to treat respiratory tract
infections, pneumonia, and some symptoms arising from Covid-19 infection [2]. The World
Health Organization (WHO) reports a 91% increase in global antibiotic use and a 165% increase
in developing countries. Research on the content of several antibiotics in wastewater conducted
post-pandemic shows that ciprofloxacin has a high intensity in water. This intensity indicates
an estimated concentration of ciprofloxacin as the highest antibiotic compound in water 3. The
increased use of antibiotics without proper waste treatment can increase the potential for
antibiotic pollution. This antibiotic pollution will enter water bodies and pose a very dangerous
impact by causing bacteria to become resistant [3]. The level of ciprofloxacin waste needs to
be degraded using effective adsorbents because it can cause water environmental pollution that
can endanger the ecosystem and human health.

Nanoscale Zero Valent Iron (nZVI) is a zero-valent iron nanomaterial that can be utilized for
water remediation. This nanomaterial plays a role in environmental rehabilitation and the
remediation of sites contaminated by organic compounds and heavy metals through persulfate
(PS) activation. Its advantage lies in its high specific surface area, effectively activating
persulfate to produce sulfate and hydroxyl radicals crucial in pollutant degradation [4].
However, nZVI has drawbacks, such as being easily oxidized and prone to agglomeration.
Efforts to address these shortcomings include surface modification with surfactants and the
addition of supports like clay minerals and zeolite, but these methods involve complex planning
and high costs [5]. Therefore, a simple and cost-effective alternative is highly desirable.
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nZVI can be modified using biochar, a solid material rich in carbon produced by burning
organic materials or biomass with little or no oxygen (pyrolysis). Modifying biochar with nZVI
has several advantages, including enhancing nanoparticle stability and dispersion, increasing
specific surface area, rich in pores, strength, and abundant surface functional groups [6].
Biochar modified with nZVI produces different adsorption effects and pollutant mechanisms
due to its physicochemical properties.

In situ chemical oxidation technology (ISCO) based on peroxydisulfate (PDS) is currently a
highly promising method due to its high effectiveness. PDS can be activated through heat
energy, ultraviolet light, and transition metals in the form of highly reactive sulfate radicals
(SO4s-). Fe** is commonly chosen to activate PDS compared to other metals due to its
environmental friendliness and cost-effectiveness. However, Fe?" is not easily regenerated and
needs to be converted to Fe*”, usually done under acidic conditions to avoid iron precipitation
at high pH [7]. The drawbacks can be overcome by adding graphene nanosheets as an efficient
peroxydisulfate (PDS) activator, thanks to its high reactivity. Combining graphene nanosheets
(GN) with nano-carbon materials like biochar produces a nanohybrid structure with higher
catalytic activity [8].

Based on the information above, the synthesis of a composite consisting of three
components—biochar, nZVI, and graphene nanosheet (GN)—in a peroxydisulfate system will
result in an effective antibiotic degradation material. The biochar-nZVI/GN composite in this
study is synthesized using waste biomass biochar, specifically rice husks, to degrade
ciprofloxacin through PDS activation, producing radicals crucial in oxidizing antibiotic
pollutants.

2. Methods

2.1.Chemicals

The reagents and chemicals used in the experiment and soil analysis were all of
analytical grade (AR). These chemicals were employed without any prior purification unless
otherwise specified.

2.2. Preparation of Biochar-nZVI/graphene nanosheet

Actotal 0of 200 g of rice husks were weighed and then washed to remove dust and attached
impurities. The rice husks were then dried in an oven at 80°C for 12 hours. Afterward, the
rice husks were transferred to a furnace in anaerobic conditions, and a heating process was
carried out at 450°C for 4 hours. The resulting biochar was then ground and filtered through
a 0.25 mm mesh. The biochar was soaked in 8 M H>SO4 with magnetic stirring for 6 hours
to eliminate impurities and total ash content. The soaked product was washed with deionized
water until reaching a neutral pH, then dried at 60°C for 12 hours in an oven. This process
yielded biochar [9].

The synthesis of graphene was performed using the Hummers method, involving two
stages: pre-oxidation and oxidation. In the pre-oxidation stage, the materials used were 40
mL of 8.5 g of H>SO4, P>Os (diphosphorus pentoxide), and 200 g of graphite powder. The
procedure began with adding 40 mL of H>SO4 into an ice bath, followed by the addition of
8.5 g of K»S,0s and stirring. Next, 8.5 g of P>Os (pentoxide) were added and stirred. Then,
200 g of graphite powder were introduced into the mixed solution for a reaction in a water
bath at 80°C for 4 hours, followed by cooling with deionized water and standing for 12 hours.
Subsequently, it was washed with deionized water and dried in a dryer at 60°C.In the
oxidation stage, 10 g of pre-oxidized powder, 40 g of KMnOg4, and 5 g of NaNO3 were
dissolved in 230 mL of concentrated H>SO4 and reacted at a temperature below 20°C. The

ISSN : 2808-2702 189



http://jos.unsoed.ac.id/index.php/eprocicma
https://portal.issn.org/resource/ISSN/2808-2702
https://lppm.unsoed.ac.id/

(=

Proceeding ICMA-SURE- 2024

The 6™ International Conference on Multidisciplinary Approaches for Sustainable Rural Development

ISSN : 2808-2702

solution was homogenized at 40°C in a water bath for 4 hours. The resulting product was
cleaned with deionized water in stages at temperatures below 90°C, followed by treatment
at 90°C for 1 hour. The solution was lifted, and 1500 mL of deionized water was added,
stirred for 15 minutes, supplemented with 50 mL of H>O», stirred in oscillation for 2 hours
at room temperature, and cleaned with 10% HCI until neutral. The solution was filtered and
washed with deionized water until neutral, then dried at 80°C for 4 hours. Ultrasonic
cleaning was performed for 2 hours at 50°C to produce a yellowish dispersion of graphene
oxide (GO). The dispersion was filtered and dried in an oven [10].

2 g of biochar and 1 gram of graphene were dissolved in 100 mL of deionized water. A
total of 4 g/mL of FeSO4.7H>O with a Fe:C ratio of 4:1 was added, followed by the addition
of NaBHy at a 1:1 ratio with Fe. The obtained precipitate was washed with distilled water
and ethanol in 2-3 repeated cycles. Finally, the catalyst was dried in a vacuum desiccator for
24 hours. The catalyst underwent variations with graphene at 0%, 50%, and 75% [11].

2.3. Physicochemical property characterization of Biochar-nZVI/graphene nanosheet
Biochar-nZVI/GN samples with biochar content of 0%, 25%, 50%, and 75% were
characterized using FTIR to examine their structure and functional groups. The morphology
and particle size of the biochar-nZVI/GN with the highest capacity were characterized using
SEM-EDX, and XRD analysis was performed to assess crystallinity.

2.4. Ciprofloxacin (CIP) removal

Samples of biochar, nZVI, and biochar-nZVI/GN with biochar content of 0%, 25%,
50%, and 75% were tested for their ability to degrade ciprofloxacin through the addition of
peroxydisulfate. The ciprofloxacin degradation experiment was conducted in a 150 mL
Erlenmeyer flask using 50 mL of ciprofloxacin solution (10 mg/L). Synthesized catalysts,
0.1 g, and 0.056 g of peroxydisulfate were added to the ciprofloxacin solution in the flask,
which was then placed on a shaker bath (150 rpm). At specific time intervals, the samples
were cooled and filtered. The initial reaction time was determined, and the synthesized
materials were added. The concentration of ciprofloxacin was determined using a UV-Vis
spectrophotometer at a wavelength of 277.9 nm, a predetermined wavelength before the
experiment.

3. Results And Discussion

3.1. Biochar-nZVI/graphene nanosheet characterization

3.1.1 FT-IR and optical studies
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Figure 1. FT-IR Spectra
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Those functional groups exhibit main peaks, namely -OH; C=C; -C-H; Fe-OH; and Fe-O. These
peaks serve as references for the successful impregnation of active and conductive elements
into the biochar support. Based on Figure 1, the FTIR spectrum shows the -OH group, with the
peak identifying the biochar at around 3200 cm™ representing the vibration of this -OH group
[12]. In the catalyst variations, with the addition of graphene, the absorption peaks of the -OH
group become flatter. In Bc-nZVI/GN 25%, the range is ~3251 cm’!, in Be-nZVI/GN 50%
~3248 cm’!, and in Bc-nZVI/GN 75% ~3230 cm’!. This indicates the presence of hydroxyl and
adsorbed water in biochar [12]. Additionally, biochar is indicated by the peaks of aliphatic -CH
long-chain in variations BC-nZVI at 1375 cm™!, in BC-nZVI/GN 25% at 1339.54 cm’!, in BC-
nZVI/GN 50% at 1390.01 cm™!, and in BC-nZVI 75% at 1395.48 cm™. These peaks show
flattening, indicating the replacement by graphene groups [8].

The vibrational framework of the aromatic C=C group indicates the presence of carbon-rich
graphene groups [13]. In BC-nZVI/GN 25%, the absorption is at 1581.97 cm™!, in Be-nZVI/GN
50% at 1632.29 cm™!, and in Bc-nZVI/GN 75% at 1630.35 cm™!. This suggests a decrease in the
intensity of the carbonyl group on the biochar surface due to the accommodation of graphene
[14]. The Fe—OH vibration group is observed at 1025.77 cm™ in BC-nZ VI, in BC-nZVI/GN
25% at 887.05 cm’, in Be-nZVI/GN 50% at 1004.54 cm™!, and in Be-nZVI/GN 75% at 1006.86
cm’!. The bending of the Fe-O group is present at 451.80 cm™ in BC-nZVI, in BC-nZVI/GN
25% at 451.68 cm-1, in Bc-nZVI/GN 50% at 453.81 cm™!, and in Bc-nZVI/GN 75% at 451.89
cm’!. The characterization of iron (Fe) from the Fe-O and Fe-OH groups indicates the presence
of nZVI in the synthesized composite [15].

3.1.2. Crystalline structure of Biochar-nZVI/graphene nanosheet

XRD analysis was conducted to determine the crystallinity of the composite, with the XRD
measurement selected for the most effective degradation ability. The results of the XRD
analysis are shown in Figure 2.
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Figure 2. X-ray diffraction patterns

Figure 2 exhibited the diffractogram of small peaks at 44.37° and 35.1°. These peaks were
assigned to nZVi (Fe°) and iron oxide (Fe3O4), respectively. These correspond to the crystal of
Fe® (110) planes, and Fe304 (311) planes [16]. Fe304 forms an oxide shell around nZVI [17].
Based on the Scherer method the crystal sizes of 3.93 nm and 3.81 nm could be obtained in
nZVI (Fe®) and iron oxide. The carbon peak of graphene appears at 20, 26.6° with a size of 3.74
nm. An amorphous form of XRD profile might be associated with inorganic carbon derived
from graphene [18].
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3.1.3. Physical morphology and chemical composition of Biochar-nZVI/graphene nanosheet
Characterization was carried out through SEM-EDS observations, where SEM was used to
examine the surface morphology of the catalyst, as presented in Figure 3, and EDS was used to
observe the element distribution, as shown in Figure 4.

Figure 3. (a) SEM (Scanning Electron Microscope) Magnification 1k and (b) SEM
Magnification 20k

Figure 3 presents the results of SEM mapping at (a) 1k magnification and (b) 20k magnification.
The Scanning Electron Microscope (SEM) analysis of the synthesized composite, after stability,
agglomeration, and reduction stages, in Figure 4.4(a), reveals a uniformly structured surface
with rod-shaped micropores of biochar partially covered by graphene sheets forming a
continuous membrane. The graphene layers encapsulate the pores, and in Figure 4.4(b), nZVI
forms distributed clusters on the surface [18]. Numerous nZVI particles are dispersed on the
graphene surface, but after the cleaning process with deionized water, the distribution of nZVI
particles decreases 10. Based on these observations, the composite exhibits an aggregated form.
This aggregation is due to the conductivity and activity of nZVI, which has magnetic properties
and high attraction between nZ VI, resulting in a chain-like structure [19.].

a Element Weight %
CK 12.15
17l ¢ ket oK 421
12¢ NaK 1.33
105 SiK 8.63
24 FeK 35.8

Figure 4. (a) EDS Analysis, (b) C Element Mapping, (c) O Element Mapping, (d) Na Element
Mapping, (e) St Element Mapping, (f) Fe Element Mapping
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Based on the EDS mapping, the elements of the composite in Figure 4(a) are indicated, showing
the presence of carbon, oxygen, sodium, silicon, and iron, with respective compositions in the
spectrum of 5%, 54%, 3%, 19%, and 18%. These elements demonstrate the successful
conjugation and functionalization in the composite fabrication [17]. The mapping results in
Figure 4(b) for carbon (C) show partial dispersion and some accumulation, in Figure 4(c) for
oxygen (O), a dense surface with the highest composition, in Figure 4.5(d) for sodium (Na),
scattered atom distribution, in Figure 4(e) for silicon (Si), partial clustering and some dispersion,
and in Figure 4(f) for iron (Fe), diverse and dispersed particles.

3.2. CIP removal from aqueous solution by Biochar-nZVI/graphene nanosheet

The degradation process has been successfully carried out with an achievement of 100%. The
degradation of Ciprofloxacin by Peroxydisulfate (PDS) activated by Bc-nZVI/GN was
performed for each catalyst variation, namely BC-nZVI, BC-nZVI/GN 25%, BC-nZVI/GN
50%, and BC-nZVI/GN 75%. The degradation process was conducted in a batch system, and
each catalyst was measured every 10 minutes of reaction time. The degradation results of each
synthesis are presented in Figure 5.
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Figure 5. Ciprofloxacin Degradation Activity

Figure 5 illustrates the Ciprofloxacin degradation activity. Based on Figure 5, the most effective
catalyst was found to be in the BC-nZVI/GN 25% variation, with a degradation efficiency
reaching 99.98%. In its degradation, porous biochar can remove Ciprofloxacin through
adsorption, as seen in the measurements that show similar results in the first 10 minutes.
However, subsequent minutes significantly demonstrate significant degradation, indicating the
activation of persulfate by nZVI. This result indicates that Ciprofloxacin can be removed
through adsorption by biochar and due to the radical oxidation from persulfate in the BC-
nZVI/GN system [15].

3.2.1. Physiochemical stability of Biochar-nZVI/graphene nanosheet

Catalyst stability testing was conducted through repeated use, using the most effective catalyst,
namely the BC-nZVI/GN 25% variation. The reaction was performed for three cycles, and the
results of the testing are shown in Figure 6. The catalyst's activity in the first and second cycles
showed almost no change, with consecutive degradation effectiveness of 99.98% and 99.95%.
The third repetition demonstrated an effectiveness of 92.49%, with no significant changes.
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These results indicate good catalyst stability and its usability for multiple degradation cycles
[20].
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Figure 6. Performance of Bc-nZVI/GN 25% for CIP removal after
regeneration
3.2.2 CIP removal mechanism
Based on the results above and literature studies, the mechanism of Ciprofloxacin degradation
by persulfate activated by Bc-nZVI/GN can be illustrated in Figure 7.
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Figure 7. Degradation Mechanism of Ciprofloxacin.

In Figure 7, the removal of Ciprofloxacin (CIP) can be achieved by reactive radical species SO4
»~ and OHe through the activation of peroxydisulfate (PDS), forming intermediate compounds
from CIP and producing water molecules (H20) and carbon dioxide (COz). On the other hand,
the use of nZVI undergoes oxidation, resulting in the conversion of Fe?" to Fe** [21].

4. Conclusion

The binding of nZVI and GO nanoparticles to biochar prevents aggregation and direct
oxidation while maintaining the reactivity of active nZVI and providing stability. XRD analysis
results show that nZVTI has a diffraction pattern at the peak of 44.37° with a crystallite size of
3.93 nm. FTIR analysis reveals functional groups such as -CH for surface biochar identification
and C=C aromatic for identifying graphene as carbon and bends of Fe-O and Fe-OH identify
the presence of nZVI. The degradation activity results show an effectiveness of 99.98% in CIP
degradation.
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