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ABSTRACT

Drugs, especially antibiotics, as a group of emerging contaminants, pose a serious threat to the envi-
ronment and aquatic ecosystems due to their adverse effects, cumulative properties, and develop-
ing drug resistancy. Therefore, this study aimed to evaluate the removal efficiency of tetracycline
(TC) antibiotic from aqueous solutions using photocatalytic process in the presence of magnetic
iron sulfide (Fe-S/CuS) nanoparticles on a laboratory scale. The magnetic nanocomposite was first
characterized by transmission electron microscopy, X-ray diffractometer, vibration sampling mag-
netometer, Field-emission scanning electron microscopy, Fourier-transform infrared spectrometer,
diffuse reflection spectroscopy, and energy-dispersive X-ray spectroscopy techniques. Factors, such
as pH, reaction contact time, nanocomposite dose, and contaminant concentration on the removal
efficiency were studied. All the experiments were performed at room temperature under UV-A light.
The results of this study indicated that the highest removal efficiency of TC was obtained at opti-
mum pH of 7. The results also showed that in the initial concentration of TC antibiotic (20 mg/L),
the removal efficiency increased by increasing contact time and also by increasing the dose of the
desired nanocomposite, the removal efficiency first increased and then decreased. Moreover, the
synthesized nanocomposite had the ability to be reused with an 18% reduction in the removal effi-
ciency in five consecutive cycles. Finally, the results of this study showed the acceptable efficiency of
Fe-5/CuS nanocomposite in photocatalytic removal of TC antibiotic.
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1. Introduction

In aquatic ecosystems, persistent organic pollutants are
important environmental issues due to their high toxicity,
solubility, and carcinogenicity [1]. Among the organic sub-
stances, drugs cause great concern due to continuous detec-
tion in aquatic environments, although they are considered
as a turning point in human scientific progress. Incomplete
removal of them during the wastewater treatment process

* Corresponding author.

indicates that treatment plants are not designed to remove
medicinal products. Therefore, pharmaceutical effluents are
described as an important source of concern for emerging
pollutants [2,3].

Antibiotics have been used as therapeutic agents in the
treatment of infectious diseases of humans and animals
and today are used as food additives as preventers and
growth stimulants in the livestock and aquaculture indus-
tries. These pollutants can enter the aquatic environment
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through the effluent and sludge of hospitals, health cen-
ters, domestic wastewater treatment plants, pharmaceutical
and agricultural industries, and livestock farms. They have
raised many concerns about health risks to humans and
animals due to their persistence and accumulation in the
environment [4].

The tetracycline (TC) antibiotic with the chemical for-
mula C,H, N,O, and a molecular weight of 444.435 g/mol
[5] is a known emerging contaminant. However, due to
some positive aspects, such as low cost, wide spectrum, and
high antimicrobial activity [6], it is the second most widely
used drug in the world in aquaculture, animal husbandry,
and treatment of humans and animals [7]. Due to incom-
plete absorption and metabolism, large amounts of this
contaminant are continuously discharged through the feces
or urine of animals and humans into domestic sewage and
agricultural runoff, which cannot be completely removed
by traditional wastewater treatment processes [8].

Even low allowed concentrations of TC in the environ-
ment can pose many risks to ecosystems and human health
due to bacterial resistance to antibiotics and low degrad-
ability of its molecules.

Therefore, it is critical to remove these molecules before
being discharged into water sources [10]. Several methods
can be used to remove TC from aqueous environments,
including ultraviolet [11], Fe nanoparticles [12], adsorption
[13] coagulation, Fenton-like processes and other advanced
oxidation processes (AOPs) [14,15], photocatalyst [16], nano-
filtration [17], carbon nanotubes [18], and etc. Despite their
advantages, these processes also have disadvantages making
them difficult to use.

Photocatalytic degradation of organic compounds is a
common method in water and wastewater treatment [19].
In the treatment of persistent wastewater, the photocatalytic
oxidation process has been widely used due to its advan-
tages, such as no secondary pollution and energy saving
[20]. In this method, pollutants are not transferred from one
phase to another; they are converted into safe compounds,
such as CO,, H,0, and etc. [21].

Due to the unstable nature of effluents containing
organic pollutants, AOPs are widely used for treatment of
this type of wastewater, especially antibiotics. In addition, it
is an effective approach with high efficiency and Full miner-
alization [22,23].

In photocatalytic process, as an AOP, organic matter is
decomposed in the presence of metal dioxide and under
ultraviolet radiation. In other words, in this mechanism, by
irradiating ultraviolet radiation to the semiconductor mate-
rial and exciting electrons from the valence band to the con-
duction band, hydroxyl radicals are produced in aqueous
solutions [24]. The process of photolysis is the interaction
of natural or artificial light with target molecules and the
induction of chemical reactions causing direct degradation
of contaminants to intermediate products [25].

Iron sulfide (FeS), a tetragonal ferrous monosulfide,
is the first solid phase of crystalline FeS formed under sul-
fate reduction conditions. FeS is a non-toxic and ubiqui-
tous mineral that can be easily synthesized. FeS is used in
the treatment of groundwater and soils contaminated with
heavy metals, organic chlorine compounds, arsenic, sele-
nium, and other inorganic and organic pollutants [26].

Synthetic and nano (micro) FeS scale shows much higher
capacity and efficiency in immobilization and removal of
metals due to greater specific area and higher reactivity.
This low-cost, high-surface area material with good prop-
erties is synthesized by a simple and inexpensive method
using a new laboratory method without the need for sta-
bilization. The nanocomposite is eco-friendly, so that it can
eventually be used as agricultural fertilizer [27,28].

Another important semiconductor material with physi-
cal, chemical, electrical, and magnetic properties is copper
sulfide (CuS) with a bandwidth of 0.2 electron volts [29].
Ability to absorb a wide range of electromagnetic waves
and high efficiency in photocatalytic degradation of organic
compounds are important advantages of such materials.
Moreover, high chemical stability, non-toxicity, no mass
transfer limitation, high resistance to chemical decomposi-
tion, and optical corrosion are other important advantages
of this catalytic process. Today, semiconductors, such as CuS,
are used to remove pollutants from aqueous media using
various processes [30]. Therefore, this study aimed to eval-
uate the photocatalytic degradation of TC antibiotic from
aqueous solutions in the presence of UV-A light by Fe-S/CuS
nanocomposite.

2. Materials and methods
2.1. Materials

For Fe-S synthesis, iron(Il) sulfate [FeSO,'7H,0], sodium
thiosulfate [Na,S,0,], sodium hydroxide [NaOH], and
sulfuric acid [H,SO,] were used, all of which are listed as
industrial, commercial, and inexpensive raw materials.

For Fe-S/CuS nanocomposite synthesis, copper sulfate
[CuSO,], ethylene glycol [C,H,O,] (99%), sodium thiosulfate
[Na,5,0,], and 99.6% ethyl alcohol were used. In addition,
TC powder [C,,H,,O,N,-HCI] (Sigma-Aldrich) was used to
prepare different concentrations of the contaminant solu-
tions and deionized water was used to prepare the solutions
in all stages.

2.2. Synthesis of Fe-S nanocomposite

At this stage, a few drops of concentrated sulfuric acid
were added to a beaker containing 0.8 L of distilled water.
After placing on the heater and reaching the desired solu-
tion temperature of 85°C-80°C and setting up a water bath,
1 g of iron(Il) sulfate [FeSO,7H,0] was added to the solution
and stirred until completely dissolved. Then 2.5 g sodium
thiosulfate [Na,5,0,] and about 0.9 g sodium hydroxide
(NaOH) were added step by step at the desired tempera-
ture. It was continuously stirred until an alkaline, black solu-
tion (pH > 14), representing the nanocomposite synthesis,
was formed. Finally, after cooling, the solution was washed
with distilled water until it reached a neutral pH and dried.

2.3. Synthesis of Fe-S/CuS nanocomposite

At this stage, 0.15 g of the previously prepared Fe-S
nanocomposite was dispersed in 20 mL of ethylene glycol for
30 min in ultrasonic equipment. The obtained solution was
then poured into a 500 cc volumetric flask and placed in an
oil bath at 120°C. After that, 0.8 g of copper sulfate was added
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and completely dissolved in the volumetric flask. After this
step, 1.9 g of sodium thiosulfate [Na,S,O,], which was added
separately in 20 mL of ethylene glycol (EG), was poured
into the solution in the volumetric flask and the sample
was refluxed at 140°C for 90 min. After cooling the solution,
the synthesized material was separated by N,, magnet and
washed first with ethanol and then several times with deion-

ized water and finally was dried at 80°C in an oven for 5 h.

2.4. Characterization of the synthesized nanocomposite

XRD analysis (X-ray diffractometer) was done using
Bruker AXS-D8 Advance, Germany, to investigate the com-
position and characterization of the crystal structure of the
synthesized Fe-S/CuS nanocomposite. FE-SEM analysis
(Field-emission scanning electron microscopy) was done
using TESCAN Vega3 to study the morphology, shape, aver-
age diameter, and estimate the size of the synthesized Fe-S/
CuS nanocomposite in micro and nano dimensions. In order
to determine the type and percentage of constituent elements
on the synthesized catalyst, EDX (energy-dispersive X-ray
spectroscopy) was performed using TESCAN Vega3. A VSM
(vibration sampling magnetometer) model 7407, Lake Shore
Cryotronics Co., United States, was used to determine mag-
netic properties of the synthesized magnetic nanoparticles.
FTIR analysis (Fourier-transform infrared spectrometer)
was performed by PerkinElmer-Spectrum 65 with a wave-
length of 1-400 cm to 1-4,000 cm to identify the functional
groups in the molecular structure of the produced nanopar-
ticles. In order to measure the interaction of light and the
synthesized material, DRS (diffuse reflection spectroscopy)
was performed by a device model UV-2550, Shimadzu Co.,
Japan. Finally, TEM analysis (transmission electron micros-
copy) as a microscopy technique was performed by a device
model EM208S, Philips Co., Netherlands.

2.5. Photocatalytic removal experiments

First, 100 mg/L stock solution was weekly prepared by
dissolving TC powder in deionized water. This solution
was stored in the refrigerator at 4°C. The studied variables
included pH (3, 5, 7, 9, and 11), contaminant concentration
(5, 10, 20, 50, and 100 mg/L), nanocatalyst dose (0.05, 0.1,
0.25, 0.5, 0.75, and 1 g/L), and contact time (5, 10, 15, 30, 45,
60, 90, 120, and 180 min). The solution pH was adjusted
by a pH meter (Knick-Calimatic), Germany, using chol-
oridric acid and 0.1 N NaOH. All the experiments were
performed at room temperature in a batch reactor using
100 mL samples on a magnetic stirrer with a mixing speed
of 150 rpm in the presence of UV-A light.

The samples were prepared according to the specified
parameters, and after separating the nanocomposite by a
magnet, the residual concentration of the contaminant was
measured by DR6000 UV/Vis spectrophotometer with a
wavelength of 358 nm according to the Standard Methods
for the Examination of Water and Wastewater [31].

The removal efficiency of TC contaminant was calculated
according to Eq. (1).

R(%) :@xloo )

0

where C, and C, indicate TC concentration at time t and the
initial concentration of TC (mg/L); R% indicates the con-
taminant removal efficiency.

To determine the possible amount of iron leaked into
the solution, the amount of it was measured according to
methods 3500A and 3111B and C of the Standard Methods
for Water and Wastewater Testing and by the atomic absorp-
tion spectrometric device made by VARIAN Company in
Australia.

2.6. Recovery and composite reuse tests

Evaluation of stability and reuse of solid catalysts is
one of the important parameters. In the present study, to
investigate the synthesized nanocomposite in the presence
of UV-A light in order to degrade the TC contaminant, the
experiments were performed in five alternating cycles and
photocatalytic experiments under optimal conditions. The
desired magnetic nanocatalyst (Fe-5/CuS nanocomposite)
was separated from the solution by N,, magnet in each
cycle and washed with deionized water in several stages
and dried in a vacuum oven at 80°C. Then the next removal
cycle was performed with the same dose of nanocompos-
ite. Residual contaminant concentrations were separately
measured after each cycle of the photocatalytic degradation
process.

3. Results and discussion
3.1. Characteristics of the synthesized nanocomposite
3.1.1. XRD analysis

The crystallinity of powder and solid materials was
detected by XRD analysis. Fig. 1 shows the XRD pattern of
Fe-S and Fig. 1 reveals the XRD pattern of the Fe-5/CuS nano-
composite. Accordingly, at 20 equal to 30.79°, 35.44°, 53.84°,
57.54°, 63.04°, and 74.54°, peaks related to the presence of
iron in the nanocomposite can be seen in the figure.

Moreover, the peaks related to CuS equal to 29.34°, 31.84°,
32.14°, 48.04°, 53.09°, and 59.89°, can be seen in Fig. 1 [32].

3.1.2. FE-SEM analysis

This analysis was used to investigate the surface prop-
erties of different samples. Fig. 2 reveals that most of the
particles are in the nanoscale range; some aggregated par-
ticles are also present. In Fig. 2a, a micrograph with a mag-
nification of 40.0 KX taken from Fe-S nanocomposite of FeS
particles is well and uniformly observed, which is indicated
by the dark spots in the image. Fig. 2b shows the Fe-5/CuS
nanocomposite with a magnification of 25.0 KX after load-
ing CuS on the previous nanocomposite. As shown in the
figure, CuS is placed on the substrate and given that the
nanocomposite has magnetic properties, there is a possi-
bility of accumulation in them [33,34].

3.1.3. DRS analysis

DRS was performed to evaluate the optical properties
of the composite used in this study. According to previous
studies related to FeS and CuS nanocomposites, band gap
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Fig. 1. XRD patterns of Fe-S and Fe-S/CuS.
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Fig. 2. FE-SEM images related to the (a) Fe-S and (b) Fe-5/CuS nanoparticles.

alone is about 2; however, the study of this analysis showed
that the presence of other materials in the synthesized mag-
netic nanocomposite (Fe-5/CuS) caused a slight change in the
CuS band gap. According to Fig. 3, the nanocomposite has
a stronger and better absorption in the light range of 300-
700 nm, indicating the suitability of the synthesized compos-
ite in photocatalytic processes in the range of visible light
and sunlight [33].

The band gap energy of Fe-S/CuS based on the formula
E, = 1239.8/A is equal to 1.68 electron volts. On the other
hand the band gap energy of Fe-S/CuS after the process
was 5.34 electron volts. This indicates that the metal por-
tion of the synthesized nanocomposite, that is, FeS and CuS
elements, might decreased, which EDX analysis diagrams
explain the difference in band gap before and after the pho-
tocatalytic process [35].

3.1.4. FTIR analysis

In order to further study the quality of Fe-S/CuS sam-
ples, FTIR analysis was performed in the range of 500-
4,000 cm™. Fig. 4 reveals that in the corresponding spectrum
at 563.25 cm™, the C-O functional group is clearly identified.

Moreover, peaks of 500 to 1,000 cm™ can be attributed to
the functional groups Fe-O-OH and Fe-O. Peaks of 777.48,
891.99, and 911.66 cm™ are probably related to Fe-S stretch-
ing. Two peaks of 1,061.49 and 1,212.35 are observed in
the spectrum, which are related to the bond of stretching
vibrations S=5 and asymmetric stretching vibrations C=C,
respectively [36,37].

3.1.5. EDX analysis

EDX analysis was conducted for studying structural or
chemical properties of a sample. According to Fig. 5 related
to the synthesized nanocomposite, the presence of Cu, S,
and Fe elements is observed close to the stoichiometric ratio.
The figure also shows the presence of elements related to
the semiconductor composition of CuS as the last layer
of the composite [38].

3.1.6. VSM analysis

Due to the fact that the nanocatalyst used in this study
has magnetic properties, VSM was used to investigate
the magnetic properties. Fig. 6 show that the saturation
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Fig. 3. DRS analysis of Fe-S/CuS nanoparticles (a) before TC and (b) after TC degradation.
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Fig. 4. FTIR spectra of Fe-S and Fe-S/CuS.

magnetization of this nanoparticle before modification is
about 90 emu/g and its coercivity is about 76 G. However,
characteristic values of modified Fe-S/CuS nanocomposite
in the study are 11 emu/g and 91 G, respectively. According
to the mentioned properties and the mentioned curves, it
can be concluded that this ferromagnetic material has very
good soft magnetic properties. This property facilitates
the separation of this nanocomposite and makes it easy to
be separated by a magnet [28].

3.1.7. TEM analysis

The particle size of Fe-5/CuS nanocomposite was deter-
mined by TEM analysis. Fig. 7 reveals that the Fe-S/CuS
particle size is in the nanoscale range and is relatively
spherical. The almost irregular cumulative state of the par-
ticles is also due to the high magnetic properties of this
nanocomposite [39].

3.2. Parameters affecting the photocatalytic
degradation of TC antibiotic

3.2.1. pH effect

Many studies have emphasized the role of pH as one
of the most important and influential parameters in AOPs

in removing antibiotics. It is due to the fact that pH has a
great effect on the rate of pollutant decomposition, adsorp-
tion capacity, charge distribution on the photocatalyst sur-
face, and the oxidation potential of valence band [40,41]. The
TC antibiotic, as an amphoteric molecule, consists of three
functional groups, including tricarbonyle methane group,
phenolic deketone group, and dimethyl amino group. These
functional groups at different pH and in aqueous media
have different acid dissociation constant (pKa) [42,43].

It is worth mentioning that the concentration of H* pro-
tons increases by decreasing pH (tendency to acidic media),
thus leading to competition between protons and TC mole-
cules for negatively charged sites of the catalyst. Therefore,
at acidic pH, an increase in H* concentration leads to the
formation of -OH species, making the surface of the cat-
alyst positive and leads to repulsion of TC molecules by
electrostatic forces [44].

Many studies have indicated that the highest and best
oxidation capacity in photocatalytic processes for TC con-
taminants occur in the range of neutral and especially alka-
line pH. The present study also confirms this result; since
the results of the study in Fig. 8 show that after 30 min at
pH = 3, the pollutant removal was 42.19% and by increasing
pH the removal efficiency increased, so that at the same time
(after 30 min) TC removal efficiency was 83.54% and 86.07%
at pH 7 and pH 9, respectively. The results of the study by
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Fig. 5. EDX analysis of Fe-S5/CuS nanoparticles (a) before TC and (b) after TC degradation.
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Fig. 6. VSM analysis of (a) Fe-S and (b) Fe-5/CuS nanoparticles.

Xue et al. [45], Ma et al. [46], and Wang et al. [47] are also in
line with the results of the present study. For further com-
parison and review, at the same parameters the adsorption
efficiency was 45.56% and 43.03% at pH =7 and pH =9.

The semiconductor photocatalytic mechanism can be
divided into steps, such as transfer of reactants in the lig-
uid phase to the catalyst surface, their adsorption on the
catalyst, reaction in the adsorbed phase on the catalyst,
desorption of products from the catalyst surface, and
dispersion of decomposition products. Photocatalysts
are materials producing hydroxyl radicals in aqueous

Moment/Mass(emu/g)

-10000 o 10000 20m
Fiald(0e)

solutions that have oxidizing properties by irradiating
ultraviolet light to a semiconductor material and exciting
electrons from the capacitance band to the conduction
band. The photocatalytic process in this study begins in
the presence of a Fe-S/CuS catalyst by absorbing a photon
with energy equal to or greater than the band gap energy
of the catalyst particles, which produces an electron-hole
pair. In the presence of particles adsorbed on the surface
of the catalyst, such as water, OH~, and oxygen, hydroxyl
radicals are formed due to the high oxidation potential
of the holes. As a result, the TC contaminant is degraded
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Fig. 7. TEM images of Fe-S/CuS.
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Fig. 8. Effect of pH changes on the TC degradation in photocatalytic processes (TC concentration = 20 mg/L, nanocomposite

dose = 0.5 g/L, time: 30 min, and ambient temperature).

by indirect oxidation through hydroxyl radicals or by
direct oxidation through the valence-band hole [48-51].

The mechanism of the photocatalytic process of TC
removal along with the reactions performed in this process
is shown in Fig. 9.

The samples after the photocatalytic process were eval-
uated by a high-performance liquid chromatograph (HPLC,
LC-10AT, Shimadzu, Japan) fixed up with a C-18 column, to
find the possible intermediate by-products. The main deg-
radation by-products of TC were phthalic acid mono-2-eth-
ylhexyl ester (C,H,0,), 3,8-dimethyldecane (C,H,) and
decane, 4-ethyl (CH,). During the first stages, the reac-
tivity of hydroxyl radicals, multiple hydroxylation reac-
tions happened. Then compounds with lower molecular
weight produced by leakage of aromatic rings. Ultimate
ring-opening leads to the formation of short-chain carbox-
ylic acids, which are eventually mineralize to CO,, water and
inorganic ions [52-55].

3.2.2. Effect of magnetic nanocomposite dose

Another important parameter is the effect of the
synthesized catalyst dose, which is very important in pho-
tocatalytic processes. In order to investigate the effect of
nanocomposite dose on photocatalytic removal of TC,

different amounts (0.05, 0.1, 0.25, 0, 5, 0.75, and 1 g/L) of
Fe-S nanocomposite were tested in the presence of UV-A
light. To investigate this variable, the experiments were per-
formed on the desired contaminant solution with a concen-
tration of 20 mg/L at optimum pH of 7. Fig. 10 shows that
the removal efficiency of TC contaminant first increases and
then decreases by increasing the catalyst dose in the pres-
ence of UV-A light. So that after 30 min at doses of 0.25, 0.5,
and 0.75 g/L, the pollutant removal was 56.11%, 83.11%,
and 90.08%, respectively, but at a dose of 1 g/L, the removal
efficiency decreased to 85.23%. Therefore, increasing the
nanocomposite dose in the solution, turbidity is created,
disrupting the light distribution in the solution, and as a
result, the removal efficiency of TC decreases. This result
is consistent with the study by Xue et al. [45].

3.2.3. Effect of TC concentration

In this part of the study, to determine the effect of TC
initial concentration on photocatalytic removal efficiency,
different concentrations of TC (5, 10, 20, 50, and 100 mg/L)
were exposed to UV-A light for 30 min, with the opti-
mal dose of nanocomposite (0.5 g/L), and optimum pH
of 7. Fig. 11 shows that by increasing concentration, the
removal efficiency of TC antibiotic significantly reduces.
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Fig. 9. Mechanism of the photocatalytic process of TC.
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Fig. 10. Effect of nanocomposite dosage on the TC degradation in photocatalytic processes (TC concentration = 20 mg/L, pH =7,
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posite dose = 0.5 g/L, time: 30 min, and ambient temperature).
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The removal efficiency of TC contaminant in 30 min at a
concentration of 10 mg/L was 94.93%, but this efficiency at
the initial concentrations of 20, 50, and 100 mg/L was 83.12,
66.91, and 59.32, respectively. The adsorption efficiency was
35.02% at the initial concentrations of 20 mg/L. The removal
efficiency decreased by increasing concentration; since at
lower concentrations, the reaction of the desired contami-
nant with OH radicals increases and ultimately leads to
increased degradation of this contaminant by free radicals.
Furthermore, by increasing the contaminant concentra-
tion, light does not reach the surface of all catalyst particles
and catalyst sections are not affected by UV-A light. In the
study by Nasseh et al. [29], photocatalytic removal of TC
was performed, the results of which were consistent with
the results obtained in the present study [42].

3.2.4. Effect of TC contact time

In this part, to determine the effect of contact time on
the photocatalytic removal efficiency of TC, different contact
times (5, 10, 15, 30, 45, 60, 90, 120, and 180 min) on 20 mg/L
of the contaminant solution, with optimal dose of nano-
composite (0.5 g/L) and optimum pH of 7 were exposed
to UV-A light. Fig. 12 reveals that by increasing contact
time, the removal efficiency of the TC antibiotic increased;
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at contact time of 180 min, the removal efficiency reached
100%. At time of 30 and 45 min the pollutant removal effi-
ciency also reached 82.27%, 84.17%, and 89.45%, respec-
tively. The results of the study by Nasseh et al. [29] on this
pollutant, were consistent with the results the current study.
It is noteworthy that UV-A light radiation alone does not
have a significant efficiency in removing TC. The results
showed that removal efficiency of light alone (photooxida-
tion) in 180 min was 56.72%; however, it reached 100% in
similar conditions and in the presence of an optimal dose of
nanocomposite [56,57]. In addition, the adsorption efficiency
was 35.75% at the same parameters.

3.3. Investigating Fe-S/CuS magnetic nanocomposite reuse in the
process of TC photocatalytic degradation

This study investigated the magnetic recovery capabil-
ity of Fe-S/CuS nanocomposite in TC photocatalytic deg-
radation. To this end, after each use of nanocomposite and
degradation of the pollutant under UV-A light for photo-
catalytic process in 30 min and optimal process conditions,
the nanocomposite was separated from the solution by a
magnet. Then, it was washed with distilled water and eth-
anol at 80°C and dried in a vacuum oven for 8 h, and it was
reused in the pollutant degradation process. Fig. 13 shows

—&— photocatalytic
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Fig. 12. Effect of time changes on the TC degradation in photocatalytic processes (TC concentration = 20 mg/L, nanocomposite

dose =0.5 g/L, pH =7, and ambient temperature).
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Fig. 13. Diagram of TC degradation in during 5 cycles of reuse in the presence of Fe-5/CuS nanocomposite (TC concentration =20 mg/L,

nanocomposite dose = 0.5 g/L, pH =7, and time: 30 min).
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Table 1
Chemical characteristics of TC [9]
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TC Chemical formula ~ Molecular weight (g/mol)

Solubility (mol/L)

pKa, pKa, pKa, Chemical structure

TC  C,H,N,O,HCL 444435 0.041

3.3 7.8 9.7

the results of magnetic recovery of the nanocomposite. The
photocatalytic efficiency of the sample reduced by about
18%, after 5 times of using the nanocomposite. This can be
due to the reduction of the catalyst (separation process and
reduction of the optimal nanoparticle dose) as well as the
change in the structure of the catalyst due to light reactions
[58]. The degradation rate of TC after 5 times of using the
nanocomposite, was about 58.64%. The synthesized nano-
composite was easily separated from the solution after being
placed on the magnet and centrifuged for 5 min; this fea-
ture is very suitable for the recovery of the nanocomposite.

4. Conclusion

This study aimed to synthesize Fe-5/CuS magnetic nano-
composite in the removal of TC antibiotic from aqueous
media under the influence of UV-A light and to investigate
various variables, including pH, initial contaminant con-
centration, and nanocomposite dose at different times. The
results indicated that the nanocatalyst has good efficiency
in TC photocatalytic degradation. Moreover, under optimal
conditions (pH = 7, catalyst dose of 0.5 g/L, contaminant
concentration of 20 mg/L, contact time of 30 min, and room
temperature) the efficiency of photocatalytic degradation
process was 82.27%. By increasing the nanocatalyst dose,
the removal efficiency first increased and then decreased,
which is due to interference in the penetration of UV-A light
emitted into the sample. Given the good efficiency of the
synthesized nanocomposite (Fe-S/CuS) in TC photocatalytic
degradation process as well as its relatively simple and eco-
nomical synthesis and easy separation with N,, magnet, it
can be used as a suitable catalyst in removing and degrad-
ing persistent organic pollutants. The amount of examined
metal was zero.
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Comparison with previously published reports
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[S5] TC FeNi,/SiO,/CuS 0.005 g/L UV-A 200 min 100%
[S6] TC FeNi,/SiO,/ZnO 0.02 g/L Simulated 200 min 100%
sunlight
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