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Abstract: Magnetite nanoparticles (Fe3O4) were synthesized by chemical co-

giifsl:;dj 79 %?; ggjj pre?ipitation mc?thod using fe':rr'ic chloride and heptahydrate ferrous sulfate salt§ utilizing
Accepted 09 July 2024 sodium hydroxide as a precipitant. The produced powders were analyzed using an X-
ray diffractometer, Fourier-transform infrared spectrometer, transmission electron

Keywords: microscope, scanning electron microscope, and atomic force microscope to ascertain the
v Mﬂgﬂe”{@ nanopar. ticles; size, shape, and chemical composition of the manufactured magnetite nanoparticles. It
; gZZ; ;iZflll;fZZn; was found that the magnetite powder had formed spherical-like particles with diameters
v Methyl orange; of roughly 30 nm and a face-centered cubic crystal structure. A vibrating sample
v’ Sulfamethoxazole; magnetometer was used to assess the magnetic characteristics of magnetite
v’ Antibiotics nanoparticles. The obtained superparamagnetic properties of the produced
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nanoparticles, with saturation magnetization and coercivity of 50.75 emu/g and 30.09
Oe, respectively allow them for the degradation of antibiotics, and removal of organic
dyes. Further study of photocatalytic degradation of methyl orange using Fes;Os
nanoparticles was done. Fe;O4 nanoparticles demonstrated possible catalytic activity by
reducing methyl orange by 75.39%. Additionally, the photocatalytic activity of Fe;O4
nanoparticles was analyzed against sulfamethoxazole antibiotic where Fe;O4
nanoparticles degraded sulfamethoxazole antibiotic by 24.73%.

1. Introduction

Due to the necessity for dyes to change the color of cloth and antibiotics for human treatment, industries
like the pharmaceutical and textile industries have had to grow as a result of the increase in the global
human population (Ahmed ez al., 2015). As a result, there is now more demand, which has increased
production and usage. Water contamination in the environment has been caused by the inappropriate
disposal and direct discharge of dyes and pharmaceutical pollutants from the textile industry and hospital
effluents (Al-Hakkani ef al.,, 2021; Rais et al. 2008). These effluents contain toxins that enter water
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bodies and degrade the ecosystem globally, rendering drinking water unsafe for consumption (Akinola
et al., 2020; Anchan et al., 2019). Water is the basis of life, and exposure to these chemicals harms the
ecosystem, endangering the health of both humans and animals (Shaker Ardakani et al, 2021). The
central nervous system, the gastrointestinal tract, and the respiratory system have all been known to be
harmed by organic dyes (Bahadur ef al., 2017). Additionally, the increased use of antibiotics may have
permanent and long-lasting consequences on microbes by promoting genetic exchange, which would
subsequently hasten the development of antibiotic-resistant (bacteria species) pathogens (Bahadur ez al.,
2017). When illnesses, syndromes, and diseases occur as a result, this promotes human health concerns
(Bhuiyan et al., 2020; Bibi et al., 2019).

Several methods such as floatation, ion exchange, chlorination, adsorption, and electrochemical methods
have been used for the removal of dyes, bacteria, and pharmaceutical drugs in water in particular
pollutants such as methylene blue (MB), methyl orange (MO) malachite green (MG), E. coli,
Amoxicillin, Diclofenac, S. aureus, ciprofloxacin, sulfamethoxazole (SMX) and sulfisoxazole (SSX)
respectively (Anchan ef al., 2019; Bahadur ef al., 2017). Most of these techniques are expensive, call
for delicate equipment, and produce items that cannot be recycled (Bhuiyan et al., 2020; Bibi et al.,
2019). All samples must be pre-treated for ion exchange, and standardization is necessary for biological
procedures even though these techniques are typically ineffective. Researchers choose photocatalysis
over the other approaches because it has been demonstrated to destroy complex pollutants, is simple to
apply, and can yield repeatable results (Devi et al., 2019; Gonzalez-Gonzalez et al., 2022).

Metal oxides have been employed as photocatalysts for the degradation of several contaminants from
wastewater, including Zinc Oxide, Iron Oxide, Titanium dioxide, and Nickel Oxide (Juarez-Rojop et
al., 2014; Kiwumulo et al., 2022; Akinola et al., 2020). Due to their superparamagnetic characteristics
and biocompatibility, Fe3;O4 nanoparticles are useful as contrast agents in MRIs (Rezayan et al., 2016),
drug delivery systems (Thu Huong et al., 2016), catalysts (Arefi et al., 2015), antibacterial agents
(Prabhu et al., 2015), heavy metals absorbers (Kalantari et al., 2014), and for capturing thermal energy
from the sun directly (Chen ef al., 2016). Additionally, nanocomposites containing Fe3;O4 nanoparticles
can be employed as electromagnetic interference (EMI) shielding materials (Jian et al, 2016) and
electrochemical biosensors (Sanaeifar ef al., 2017).

Currently, a wide range of synthesis techniques for Fe3Os nanoparticles have been presented.
Additionally, their impact on the physicochemical characteristics, size, and form of Fe3O4 nanoparticles
was studied. The co-precipitation approach, hydrothermal method, thermal decomposition (Wu et al.,
2011; Azzaoui et al., 2023; Azzaoui et al., 2024), polyol process (Abbas et al, 2013), and high-
temperature organic phase decomposition are the most used techniques for synthesis. In the latter, the
metal-oleate complex can produce monodisperse nanoparticles (Hufschmid ez al., 2015; Aaddouz et al.,
2023).

Small Fe3O4 nanoparticles can be produced using the co-precipitation method from simple chemicals
like FeCls, FeCl,, or FeSO4. Higher yield, high product purity, the lack of necessity to use organic
solvents, easily reproducible, and low cost are some of the common advantages of this method (Lima-
Tenorio et al., 2015; Wu et al., 2016). However, the properties of the produced particles, such as size,
shape, and composition are highly dependent on the reaction parameters such as temperature, pH, ionic
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strength, nature of basic solution, and so on. According to the following reaction, Fe*" and Fe*" ions
react with OH™ to form Fe3O4 nanoparticles (Ganapathe et al., 2020):

Fe?' + 2Fe*" + 80H — Fe304 + 4H,0

In this study, Fe3O4 nanoparticles were synthesized using sodium hydroxide (NaOH) as a precipitating
agent together with ferric and ferrous salts. The nanoparticles were then analyzed using X-ray
diffractometer (XRD), Fourier-transform infrared spectrometer (FTIR), scanning electron microscope
(SEM), transmission electron microscope (TEM), atomic force microscope (AFM), vibrating sample
magnetometer (VSM), and thermogravimetric and differential thermal analyzer (TG-DTA) to study the
structural, morphological, magnetic, and thermal properties of superparamagnetic magnetite
nanoparticles. The obtained nanoparticles showed promising properties to use in photocatalysis. This
study showed that methyl orange (MO) dye as well as sulfamethoxazole (SMX) antibiotic was degraded
utilizing Fe3O4 nanoparticles, and their photocatalytic behavior was studied using a UV-VIS
spectrophotometer (UV-VIS).

2. Experimental Details

2.1. Materials
All chemical reagents used in the synthesis were of analytical quality, no further purification was
necessary. Ferrous sulfate heptahydrate (FeSO4:7H20), sodium hydroxide (NaOH), and anhydrous
ferric chloride (FeCls) with a purity of > 98% were acquired from Merck (India).

2.2. Synthesis of Magnetite Nanoparticles

Figure 1 shows the overall process of synthesizing magnetite nanoparticles. Fe3O4 nanoparticles were
synthesized by mixing 100 mL of 0.4M FeCl; with 100 mL of 0.2M FeSO4-7H20 as a precursor using
the co-precipitation method. The reaction between the FeCls solution and the FeSO4 solution produces
the ions Fe** and Fe?". A 3M solution of NaOH was gradually added drop by drop to the salt solutions
as a precipitating agent. The mixture was heated to 80 °C for 60 minutes while being constantly agitated
until the pH reached 12. Then, coal-black Fe;O4 particles are produced as a precipitate by reacting Fe**
and Fe** with NaOH solution in a molar ratio of 2:1 with the aid of a magnetic stirrer hot plate. To obtain
the pure Fe3O4 nanoparticles, the material was then repeatedly washed in distilled water until its pH
level reached 7. Lastly, the particles were calcined at 250°C for 4 hours.

2.3. Methods

2.3.1. Photocatalytic Degradation of Methyl Orange using Fe3O4 Nanoparticles
Following a procedure previously described by numerous publications (Hufschmid et al, 2015;
Mahlaule-Glory et al., 2022) the photocatalytic degradation of organic dyes using Fe3O4 nanoparticles
was examined using a UV light. In these degradation tests, 100 ml of the 5 ppm MO solution was mixed
with 25 mg of the Fe3O4 photocatalyst in a 250 ml beaker, and kept the solution in an ultrasonic bath for
30 minutes. An adsorption-desorption experiment was conducted in the dark for around 30 minutes to
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reach equilibrium before the light shone on the solution. The solution was then left under the UV lamp
for 60 minutes. 5 ml of the solutions were taken and centrifuged at 10000 rpm for 5 minutes. The solution
was then examined with a UV-VIS spectrometer at intervals of 15 minutes. The % of degradation was
determined as follows:

. (4o —Ap)
% of Degradation = — x 100
0
where 4y indicates the initial absorption of the dye solution and 4, indicates the final absorption of the

dye at specified time intervals.

NaOH, Fe,SO,-7TH,0, Mixture of salt solutions Stirring and heating at 60 Precipitation of Fe;0,
and FeCl, solutions °C, incorporation of 3M occurs
NaOH

)

Fe;0, powder after
calcination at 250 °C

Figure 1. Synthesis of Fe3O4 nanoparticles by chemical co-precipitation method

2.3.2. Photocatalytic Degradation of Sulfamethoxazole using Fe3O4 Nanoparticles

A UV lamp was used to perform the photocatalytic degradation of the antibiotic. 50 mg of Fe3O4
nanoparticles were added to a 100 mL solution of 10 ppm of SMX antibiotic and kept the solution in an
ultrasonic bath for 30 minutes. The solution was kept for 30 minutes in the dark before being exposed
to radiation to establish an adsorption-desorption equilibrium. The mixture was then irradiated with UV
light for 120 minutes. About 5 ml of the antibiotic solution was taken at intervals of 30 min, and the rate
of degradation was measured by using a UV-VIS spectrometer.

The % of degradation was determined as follows:

. (4o — Ap)
% of Degradation = — x 100
0
where Ay indicates the initial absorption of the antibiotic solution and A4, indicates the final absorption

of the antibiotic at specified time intervals.
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2.4. Characterization Techniques

24.1. XRD
The crystallographic properties of FesO4 were identified by recording X-ray powder diffraction patterns
(XRD) of powder samples using a Rigaku Smart Lab SE X-ray Diffractometer equipped with a CuKa
radiation source (A = 1.5406 A). The analysis was done at 40 kV and 50 mA. The 20 measured range
was 20°-70° at 0.01° increments and 25.00°/min scan speed.

24.2. FTIR
To confirm the presence of different functional groups, FTIR spectra of Fe3O4 nanoparticles were
recorded on a PerkinElmer SPECTRUM TWO FTIR Spectrometer within 450-4000 cm™! region.

2.4.3. SEM
The morphology of Fe3Os nanoparticles was observed using the JEOLUSER 7610F SEM, which
operated at 10 kV. SEM images were analyzed with Image] software to calculate the particle size
distribution of the dried nanoparticles.

244. TEM
The morphology of the FesO4 nanoparticles was analyzed by TEM using a High-Resolution LIBRA 120
Plus Carl Zeiss microscope. TEM images were analyzed with ImageJ software to calculate the particle
size distribution of the dried nanoparticles.

24.5. AFM
AFM images were performed by CSI AFM Nano-observer microscopy in an oscillating mode using
silicon cantilevers with a typical resonant frequency of 138.228 kHz, scanning speed of 750 mlIn/s,
resolution of 512x512, and scan size of Sumx5um. The AFM data were analyzed using the Gwyddion
software.

24.6. VSM
The magnetic properties of FesO4 nanoparticles were measured using VSM in the quantum design
physical property measurement system DYNACOQOL at room temperature with a magnetic field in the
range of -15000 to 15000 Oe. About 12.3 mg of dried samples were used for these measurements.

24.7. TG/DTA
The thermogravimetric and differential thermal analysis TG/DTA curves of Fe3O4 nanoparticles were
obtained from EXSTAR 6000, TG/DTA 6300 thermal analyzer with a heating rate of 20 °C/min. The
mass of the solid specimen was about 15.032 mg and the whole measurements were carried out in a
nitrogen atmosphere.

2.4.8. UV-VIS
The absorbance and photocatalytic degradation of MO and SMX were measured at room temperature
using SHIMADZU UV-VIS 1901 spectrophotometer within the range of 190-1100 nm.
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3. Result and Discussion

3.1. XRD Analysis
Figure 2 displays the XRD pattern of Fe3O4 nanoparticles. The crystal structure, lattice parameter,
crystallite size, and crystal defects of Fe3O4 nanoparticles are all determined by this pattern. The most
intense peak in the XRD patterns can be found at 26 = 35.65°, which corresponds to the (311) plane of
Fe304 nanoparticles. Strong peaks at 20 = 30.25, 35.65, 36.37, 43.15, and 62.78 are observed in Fe304
nanoparticles, which validates the presence of magnetite diffraction planes at 220, 311, 222, 400, and
440, respectively. These peaks are characteristic of magnetite because of their crystalline structure and
cubic shape. Consequently, the Fe;O4 nanoparticle diffractogram satisfies the requirements of the
magnetite standard JCPDS 65-3107 (Andrade et al., 2019; Fernandes ef al., 2013). The lattice parameter
of the cubic crystal system is determined using the given formula.

h% + k? + 12

= P
where a is the lattice parameter, 4, k, and / are the Miller indices and d is the interplanar spacing. The
calculated average lattice parameter of Fe;04 nanoparticles is 8.398 A (Table 1).
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Figure 2. XRD pattern of Fe;O4 nanoparticles

The crystallite size is calculated using Debye-Scherrer’s formula given below:
K2

- PcosO
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where D is the average size of the crystallite, A is the wavelength of X-ray radiation, £ is the full peak
width at half-maximum (FWHM) and @ is the angle of diffraction. The average crystallite size of Fe3O4
nanoparticles is 17.698 nm, and 34.862 nm for the most intense peak (Table 1).

The number of dislocations in a unit volume of crystalline materials is determined according to the Segal

method as follows-
5 1
=52
where 0 is the dislocation density, and D is the crystallite size. The calculated average dislocation density
of Fe;04 nanoparticles is 3.219x10'¢ line/m? (Table 1).
The micro-strain of a crystalline solid is calculated using the following formula-

€= P
4tanf

€ is the micro-strain of the crystal, fis the full peak width at half-maximum (FWHM) and @ is the angle
of diffraction. The average micro-strain of Fe3O4 nanoparticles is 0.0133 ppm (Table 1).

The magnetic properties of Fe3O4 nanoparticles, such as the Ms, Mr, and Hc, are significantly influenced
by their crystallite size. Up to the critical limit, the Ms, Mr, and Hc increase with increasing crystallite
size, regardless of the shape and crystal structure of the particles (Li er al, 2017). The XRD
measurements indicated that the Fe;O4 nanoparticles are superparamagnetic and had smaller Ms and He
because of their smaller crystallite size.

Table 1. Crystallographic properties of Fe3O4 nanoparticles

Lattice Crystallite  Dislocation densit Micro-

SN. 20 hkl d(A) parameter > o Y strain
A) size (nm) (line/m~*) (ppm)

01 3025 220 2.952 8.349 19.534 2.620x10" 0.0071

02 3565 311 2516 8.344 34.862 8.227x10™ 0.0033

03 3637 222 2468 8.549 2.599 1.480%x10"7 0.0446

04 43.15 400 2.095 8.380 12.057 6.878x10" 0.0081

05 62.78 440 1479 8.366 19.439 2.646x101 0.0035

Average 8.398 17.698 3.219x10'° 0.0133

3.2. FTIR Analysis

The FTIR spectrum of FesO4 nanoparticles is displayed in Figure 3. The band at 3390 cm™ with 94 %
transmittance for Fe3O4 nanoparticles corresponds to the H-O-H bond stretching mode of the absorbed
or unbound water. In the crystalline lattice of Fe3Os, the stretching vibration mode linked to the metal-
oxygen Fe-O bonds is responsible for the sharp peak that can be seen at 548 cm™ with 68.73%
transmittance. For ferrites in particular, they are notably prominent for all spinel configurations (Bordbar
et al., 2014; Jandl & Deslandes, 1981). The presence of hydroxyl groups is associated with a band at
1633 cm™.
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Figure 3. FTIR spectrum of Fe;O4 nanoparticles

3.3. SEM/EDAX Analysis

The average size, shape, and surface detail of the produced Fe;O4 nanoparticles are examined using
SEM imaging. An FESEM image of Fe3O4 nanoparticles is shown in Figure 4(a). The SEM image of
the Fe;O4 nanoparticles illustrates that they have a rough surface and a spherical shape. Fe;O4
nanoparticles have an average particle size of 63 nm, as estimated by Image-J software (Alterary &
Alkhamees, 2021). The size distribution of the nanoparticles is shown by the histogram (Figure 4(b)),
and the average diameter of the produced nanoparticles is found to be 63.19 = 7.12 nm. The EDAX
spectrum of Fe3O4 nanoparticles reveals the presence of iron and oxygen (Figure 4(c)).

3.4.TEM Analysis
The size, shape, and morphology of the Fe3O4 nanoparticles are ascertained by taking TEM images. The
HR-TEM image of Fe3O4 nanoparticles that underwent a 250 °C calcination is presented in Figure 5(a).
Using Image-J software, the HR-TEM image (Figure 5(b)) shows minute aggregated particles with a
mean diameter of roughly 30 nm (Alterary & Alkhamees, 2021). The size distribution of the
nanoparticles is shown by the histogram (Figure 5(c)), and the average diameter of the generated
nanoparticles is found to be 29.56 + 7.9 nm. The size distribution of the majority of the nanoparticles is
between 25 and 35 nm. The existence of concentric rings connecting to multiple diffraction planes in
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the selective area electron diffraction (SAED) pattern of the Fe;Os4 nanoparticles indicates that the
particles are polycrystalline (Figure 5(d)).
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Figure 4. a) FESEM image of Fe3O4 nanoparticles b) Size distribution of Fe;O4 nanoparticles c)
EDAX image of Fe3O4 nanoparticles

3.5. AFM Analysis

AFM is used to assess the average size and shape of Fe3O4 nanoparticles. One or two droplets of 0.1
mg/mL nanoparticles were placed on a mica surface and allowed to dry at room temperature before the
microscopy examinations. The Gwyddion software (Predoi et al., 2021) is used to obtain and evaluate
topography, amplitude, and phase contrast pictures from various places over the sample surface. A few
typical micrographs are displayed in Figures 6(a), 6(b), and 6(c), respectively. AFM pictures of
magnetic nanoparticles typically show that the particles are made of a single phase of Fe3O4 and have
an average diameter of 51.93 nm, giving them a virtually spherical shape. Table 2 displays the particle
size and surface roughness of Fe3O4 nanoparticles.
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Figure 5. a) TEM image of Fe3O4 nanoparticles b) HRTEM image of Fe3O4 nanoparticles ¢) Size
distribution of Fe3O4 nanoparticles d) SAED pattern of Fe3O4 nanoparticles

3.6. VSM Analysis

Using a VSM, the magnetic properties of Fe;O4 nanoparticles are assessed. The hysteresis loops of
Fe;04 nanoparticles at room temperature are displayed in Figure 7, and Table 3 provides a list of the
magnetic characteristic values. The magnetization curve for the produced magnetite nanoparticles
reported in this work shows very little hysteresis behavior for the samples and minimal values of remnant
magnetization and coercivity field. This indicates that the generated particles exhibit superparamagnetic
properties at room temperature. This is because magnetite nanoparticles that display superparamagnetic
properties are smaller than the crucial size of the magnetic domain size (Goya et al., 2003; Mahmed et
al., 2011; Wang et al., 2013).
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Figure 6. AFM image of Fe3O4 nanoparticles a) topography of FesO4 nanoparticles b) amplitude of
Fe304 nanoparticles ¢) phase of Fe;O4 nanoparticles

Table 2. Particles size, and surface roughness of Fe3sO4 nanoparticles

Average particle size RMS roughness Grain-wise RMS Mean roughness
(nm) (nm) (nm) (nm)
58.043 20.6954 20.6954 11.4536

In comparison to the bulk magnetite value of 92 emu/g, the superparamagnetism and saturation
magnetization (Ms) values in the nanosized magnetite samples are lower (Schwertmann, 2003). Fe3O4
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nanoparticles have saturation magnetization values of 50.75 emu/g. There are multiple explanations for
why saturation magnetization decreases with smaller magnetite particle sizes. One aspect is related to
the spin disorder layer, which increases with decreasing crystallite size. Another explanation for the
decrease in the magnetic moment is the result of a dipolar interaction between magnetite nanoparticles.
The value of saturation magnetization as a contribution from surface anisotropy may be impacted by the
irregular form of magnetite particles. The manufactured samples are nearly spherical; thus surface
anisotropy shouldn’t have much of an impact. There can be a further decline in Ms if magnetite doesn’t
crystallize sufficiently during reaction synthesis. Saturation magnetization may be declining due to
changes in the A and B site populations (Badker ez al., 1994; Goya, 2002; Morales ef al., 1999). Figure
7 illustrates the lack of a long-range magnetic dipole-dipole interaction between the assemblies of
superparamagnetic nanoparticles by showing that hysteresis disappears at a tiny retentivity of 3.03
emu/g and coercivity (Hc) of 30.09 Oe. This suggests that the generated magnetite showed
magnetization very fast upon being subjected to a magnetic field.
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Figure 7. B-H (hysteresis) curve of Fe;O4 nanoparticles
Table 3. Magnetic properties of Fe3O4 nanoparticles
Saturation magnetization Remnant magnetization
g ’ & ’ Coercivity, Oe
emu/g emu/g
50.75 3.03 30.09
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3.7. TG-DTA Analysis

Synchronized TG-DTA was performed on the Fe3Os nanoparticles in a nitrogen environment at
temperatures between 25 °C and 1000 °C, with a 20 °C/min increment. The TG graph (Figure 8) shows
that three consistent weight losses have been found. The evaporation of absorbed water results in a
significant weight loss of approximately 9.2% at temperatures between 30 and 180 °C. The second
weight loss happens between 180 and 625 °C and is brought on by the breakdown of unrefined material
like NaOH. The spinel phase and corresponding metal oxide production are confirmed by the third
weight loss. Above 625 °C, there is no weight loss; instead, TGA curves stay stable, indicating the
absolute volatility of water, the completion of the crystallization route, and the immediate formation of
pure materials. The DTG curve (Figure 8) demonstrates that at 86 °C, the maximum rate of
decomposition of absorbed water molecules is around 0.37 mg/min. Exothermic and endothermic
reactions are generally observed in the produced materials, as indicated by the DTA curve. According
to the DTA curve (Figure 8), endothermic peaks are found at 86 °C as a result of dehydration and at
324 and 618 °C as a result of the decomposition of anhydrous precursor (Catalano & Di Benedetto,
2017).
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Figure 8. TG-DTA curve of Fe3O4 nanoparticles

3.8. UV-VIS Analysis

3.8.1. Degradation of Methyl Orange by Fe3O4 Nanoparticles:
Using Fe3O4 nanoparticles, the rate of degradation of MO is measured. The absorbance vs wavelength
as well as absorbance vs time curves of MO with Fe3O4 NPs are shown in Figures 9(a), and 9(b),
respectively where it is seen that the absorbance peak of MO comes at 464 nm (Nandini & Vishalakshi,
2012). As seen in Figure 9(c), the rate of degradation of MO grows progressively over time, reaching
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its maximum after 60 minutes. As illustrated in Figure 9(c), the results demonstrate that the maximum
rate of degradation of MO by Fe3;O4 nanoparticles is 75.39%. According to a previous report, iron oxide
nanoparticles can remove up to 73.6% of the color of MO dye (Kouhbanani et al., 2019). In other
publications, dyes such as MB, bromocresol green (BCG), and crystal violet (CV) were eliminated using
iron oxide nanoparticles (Badeenezhad et al., 2019; Nassar et al., 2015). The kinetic plot of MO is shown
in Figure 9(d) which indicates that the degradation of MO using Fe3O4 nanoparticles follows first-order
kinetic. Because iron nanoparticles operate as reductants and catalysts to eliminate pollutants including
lead, chromium, arsenic, and chlorinated solvents, they have a favorable effect on the environment
(Aragaw et al., 2021).
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Figure 9. a) Absorbance vs wavelength curves of MO at different time intervals b) Absorbance vs
time curve of MO c¢) Degradation of MO by Fe3;O4 nanoparticles at different time intervals d) The
kinetic plot of MO

3.8.2. Degradation of Sulfamethoxazole by Fe3O4 Nanoparticles:
Pharmaceutical contaminants known as SMX have drawn a lot of attention as a result of the reliance of
people on drugs like antibiotics. These antibiotics have entered water streams through excretion and
urine feces. Because of this, the concentrations are rising out of control, necessitating the employment
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of more modern materials and practical techniques. The impact of Fe3O4 nanoparticles with time on
SMX degradation was examined in this study. The absorbance vs wavelength as well as absorbance vs
time curves of SMX with Fe3O4 NPs are shown in Figures 10(a), and 10(b), respectively where it is
seen that the absorbance peak of SMX comes at 265.50 nm (Stojkovi¢ et al., 2016). It should be
mentioned that the degrading effect is observed every 30 minutes for 120 minutes. After 120 minutes, a
maximum deterioration of 24.73% is attained (Figure 10(c)). These findings further show that, as shown
in Figure 10(d) the degradation of SMX by Fe3O4 nanoparticles follows first-order kinetics. In our
study, we saw a lower degradation rate of SMX than the expected value, and low degradation of 40%
was obtained when iron oxide was degraded against tetracycline, another antibiotic (Olusegun et al.,
2021). They observed that the ability of antibiotics to degrade by photodegradation may be compromised
if there is significant adsorption occurring between the catalyst surface and the pollutant before
breakdown. The screening may prevent light from penetrating, which would imply that the creation of
excited electrons and holes may be restricted.
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Figure 10. a) Absorbance vs wavelength curves of SMX at different time intervals b) Absorbance vs
time curve of SMX ¢) Degradation of SMX by Fe3Os nanoparticles at different time
intervals d) The kinetic plot of SMX
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Conclusion

Using iron salts as a precursor, an easy co-precipitation process in an aqueous solution was used to
produce magnetite nanoparticles chemically. The produced magnetite nanoparticles had a spherical
shape with an average diameter of about 30 nm, as shown by the TEM image. However, the AFM and
SEM images indicate larger particle sizes because the particles agglomerated during the four hours of
calcination at 250 °C. XRD data suggest that face-centered cubic magnetite could be the iron oxide
crystal phase. Magnetization measurements as a function of the field revealed superparamagnetism
behavior in the material since there was low coercitivity for the hysteresis cycles. The investigation into
the degradation of organic dyes and antibiotics using superparamagnetic Fe3O4 nanoparticles
synthesized through the chemical co-precipitation method has yielded valuable insights into the potential
environmental applications of nanomaterials. The findings underscore the effectiveness of Fe3Oq4
nanoparticles as a promising catalyst for the degradation of pollutants, showcasing their ability to
address challenges associated with water and wastewater treatment. The synthesis method employed in
this research demonstrates a feasible and scalable approach for producing nanoparticles with enhanced
catalytic properties. As we navigate environmental concerns and seek sustainable solutions, the
outcomes of this study contribute significantly to the evolving field of nanotechnology and
environmental science, opening avenues for further exploration and application of magnetic
nanoparticles in pollution remediation strategies.
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