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Abstract

Industrial dye waste is extremely harmful to the environment, nonbiodegradable, and
poisonous to a high degree. FesOs nanoparticles (F-NPs), graphene-doped FesO4
nanocomposites (G/F-NCs), zinc-doped FesO4 nanoparticles (Zn/F-NPs), and graphene-zinc
codoped FesOs nanocomposites (G/Zn/F-NCs) are all capable of photodegrading
phenothiazine derivative dyes. The X-ray powder diffraction patterns of each manufactured
sample support the face-centered cubic structure of metallic Fe;O4. While the inclusion of
graphene dopants causes a reduction in particle size and an expansion of the bandgap, the Zn-
doped samples show an increase in crystallite size, showing that Zn 2p considerably
encourages the growth of crystalline grains in FesO.. The formation of secondary pores and
the incorporation of graphene nanoflakes are responsible for the increased specific surface
area of G/Zn/F-NCs (71.115m?%/g). The oxygen anions, graphene, Zn 2p ions and Fe; and Fe,
oxidation states are all present in the FesO, lattice, according to the X-ray photoelectron
spectra of O 1s, C1s, Zn 2p and Fe 2p.
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1.Introduction

The two most pressing problems in the modern world are environmental deterioration and the
energy problem. Among the most significant problems the energy storage sector is the
production of energy from inexpensive materials. However, industrial water contamination is
a significant environment'al problem. The majority of industrial waste in affluent nations
contains significant amounts of xenobiotic composites (dyes) are used. In these hazardous for
animals, humans, and aquatic species, difficult to biodegrade, and recalcitrant (VanHuyNguyen
et al., 2020). The thyazine dyes can be described as heterocyclic series because of the presence
of nitrogen and sulphur. The current case specifically considers Methylene Blue (MB), a
thyazine dye (medicine dye) that is commonly found in industrial waste-water due to its
substantial side effects and detrimental impacts on the environment (Chandra et al., 2010). So
it's crucial to remove commercial water dye using affordable and environmentally acceptable
materials. Due to their many physicochemical features, magnetite (FezO4) nanoparticles have
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generated a lot of interest in the research community over the past few years. Magnetic
nanoparticles of iron oxides are undergoing intensive research due to their biocompatibility,
high oxidative stability, magnetic property, and chemical strength. Fe;O4 nanoparticles have a
wide range of applications, including those for MRI contrast agents, metal ion absorbents in
water treatment, drug delivery, hyperthermia therapy, medical diagnostics, and the treatment
of cancer (Dubus et al., 2006; Kim et al., 2010; Liu et al., 2020; Bharath et al., 2022; Kim et
al.,2005; Chang et al.,2005; Setiadi et al., 2017; Beji et al.,2010; Gautam et al., 2017).

One of the strongest magnetic nanoparticles is magnetite, or FesO4. An extensively
researched ferrimagnetic oxide with a cubic inverse spinel structure is Fe3O4. Fe304 is the main
mineral found in iron sand (Jalil et al., 2017; Riana et al., 2018). The electron hopping between
the Fe?* and Fe®" ions in the octahedral sites gives it its magnetic and electric characteristics. It
is common knowledge that adding transition metal ions to FesO4 can increase its catalytic
activity (Mahdavi et al., 2013). The ferrimagnetic oxide FesO4, which possesses an inverse
cubic spinel structure, has been extensively researched. Due to the electron hopping between
Fe?* and Fe®* ions in the octahedral positions, it possesses magnetic and electric characteristics.
Adding transition metal ions to Fe3O4 can increase its catalytic activity, which is a well-known
technique (Mahdavi et al., 2013). By adding rare earth or transition metal elements to Fe;O.
(Tsai et al., 2004; Chen et al., 2005; Penc et al., 1999; Li et al., 2004), it is possible to enhance
the magnetic performance of this material. Thin film samples of Fe3O, are studied, and the
doping process normally impacts the associated magnetite-based materials' structural,
magnetic, and transport aspects (He et al., 2013; Tripathy et al., 2007; Takaobushi et al., 2007;
Moyer et al., 2011; Chou et al., 2005). There are numerous techniques for creating magnetic
Fes0. nanoparticles, including hydrothermal synthesis, thermal decomposition, micro-
emulsion, co-precipitation, sol-gel, thermal treatment, solvothermal, combustion, ceramic
method, soft mechanochemical method, sonochemical, and microwave-assisted synthesis
(Amara et al., 2009; Agusu et al., 2019; Hu et al., 2006; Hu et al., 2007; Hong et al., 2006;
Naseri et al., 2011; Yadav et al., 2017; Agusu et al., 2019; Lazarevic et al., 2013; Deng et al.,
2005; Xu et al., 2009; Tang et al., 2004; Laurent et al., 2008; Matijevicet al., 1975).

Due to their biocompatibility and high saturation magnetization, FezOa
nanoparticles have been the subject of extensive research over the past several decades (Qiao
et al., 2009; Yang et al., 2009; Lu et al., 2007; Laurent et al., 2008). These properties make
them suitable for a variety of biomedical applications. In the remediation of ground water,
particularly for the removal of arsenic, FesO4 has established application for the separation of
water contaminants. According to Deng et al. (2005), the co-precipitation method is an alkali
medium reaction in which stoichiometric mixes of ferrous and ferric hydroxides create copious
amounts of FesO4 nanoparticles. According to Yang et al. (2011), this approach is distinguished
by its low temperature, quick reaction time, and high reaction yield. According to Liu et al.
(2019), Fe304 nanoparticles indicate higher SA:V leading to superior paramagnetic activities,
which in turn increases the technique a process of breakdown by reducing the strong dipolar
attraction and surface energy of nanoparticles. FesO. is therefore well regarded as a important
ingredient for photocatalysis because of its inexpensive cost, highly sensitive surface, high
electron transfer rate, and excellent adsorption effectiveness against harmful water pollutants.
These properties also support an appropriate for the treatment or removal of nanocomposites,
magnetic separation with an external magnet (Balamurugan et al., 2019) (Liu et al., 2019).
Surface characteristics, bonding efficiency, lattice flaws, and electronic and lattice structure
can all have a significant impact on a transition metal oxide's photocatalytic efficacy
(Balamurugan et al., 2019; Liu et al., 2019). In recent years, cation doping into iron oxide has
become widely used to modify the physical and chemical characteristics of Fe304
nanoparticles, such as the strength of the link between the metal and oxygen, bulk defect, lattice
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structure, etc., and hence improve the performance of catalysts and energy storage systems (Liu
et al., 2019; Bharath et al., 2022).

According to Vedernikova et al. (2013) and Hu et al. (2007), zinc is a member of a
class of microelements and is important for many crucial biochemical reactions and
physiological activities, including cell development and growth. In terms of the d-block
elements, zinc is the second most abundant in the human body after iron, and its deficiency can
lead to oxidative stress and DNA damage (Zyba et al., 2017; Ho et al., 2002). Another metal
that is extensively employed in the sector is zinc. One of the most frequently used elements to
dope into Fe304 is Zn (Gupta et al., 2002; Wen et al., 2006; Srivastava et al., 1976; Srivastava
etal., 1976; Lu et al., 2006). (Gupta et al., 2002; Wen et al., 2006; Srivastava et al., 1976; Lu
et al., 2006). One of the metal substitutes that improves the performance of the FesO4 particles
is zinc (Zn). When it comes to doping FesO4 nanoparticles, Zn?*, which has the same ionic radii
as Zn and Fe, is the most effective transition metal ion. In order to stabilise the phase, Zn?* ion
can therefore easily replace Fe®" ion in the FesO4 lattice without affecting the crystal structure
(Anjana et al., 2018). Zn?" is essential for the human body to operate properly, and its
involvement in complex enzymatic reactions and food fortification with Zn?* demonstrate this
(Eide et al., 2011). For magnetic ferrite NPs, Zn?* would be a biocompatible dopant. According
to a recent study (Anjana et al. 2018), Zn-doped magnetite exhibits higher antibacterial activity
than pure magnetite nanoparticles. The Zn level may also alter the Zn-doped magnetite
ferrofluids' magnetic, structural, and particle-size characteristics, which could alter how well
they fight bacteria. Therefore, a thorough investigation into the change of Zn composition is
necessary to arrive at a suitable composition for enhancing the antibacterial activity of Zn-
doped magnetite. According to Su et al. (2012), zinc ferrite (ZnFe;O4), one of the spinel ferrites,
has garnered considerable interest in the photo-catalytic remediation of pollutants. The intrinsic
peroxidase-like activity of ZnFe,O, causes it to react with H,O; to create OH (Liu et al., 2014).

According to Balamurugan et al. (2018), graphene is regarded as the most in-demand
substance in the research sector because of its distinctive properties and wide range of uses as
adsorbents, active material in the fabrication of supercapacitor electrodes, materials for thermal
transmission as well as biosensor components. The conductivity, theoretical surface area
(2600m?/g), chemical strength, and thermal stability of the material can all be improved by
adding graphene (Balamurugan et al., 2016; Chen et al., 2019 Vijayalakshmi et al., 2021;
Vermisoglou etal., 2019; Ng et al., 2017). The efficiency of several energy conversion, storage,
and catalytic reactions would therefore be improved by the coupling of metal oxides with
graphene (Wu et al., 2010; Ashraf et al., 2021). Fe3O4 nanoparticles can be made using a wide
range of preparation techniques, including the sonochemical technique, sol-gel technique,
microemultion, electrospray technique, flow injection technique, hydrochemical procedure,
and co-precipitation methodology (Liang et al., 2020; Hosseini et al., 2013; Anjana et al.,
2018). Due to its low cost, environmental friendliness, high product yield and purity, and
reproducibility, the co-precipitation approach has become one of the most used synthesis
techniques (Athar et al., 2015; Cruz et al., 2018).

In addition to being a single layer of carbon atoms, graphene (G) belongs to a brand-
new class of carbon-based nanomaterials. Due to its exceptional electric, thermal, and
mechanical properties, graphene has recently gained a lot of attention from researchers in the
field of nanotechnology (Geim et al., 2007). Based on these properties, it has an applications
in several areas, such as molecular probes (Wang et al., 2010; Lin et al 2011), electrochemical
sensors (Tang et al., 2009; Wang et al., 2010; Wang et al., 2012; Wang et al., 2012)
nanocomposites (Wang et al., 2010; Wang et al., 2012) adsorbents, supercapacitor electrode
active material, electrical components, and thermal transport media (Simeonidis et al., 2007,
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Zhou et al., 2008). According to a number of studies, (Han et al., 2012; Zhang et al., 2013,;
Zhao et al., 2011), graphene may be a better choice for use as an adsorbent for the extraction
of compounds with benzenoid structures because it possesses several delocalized electron
systems that can form a solid stacking contact with benzene rings. The "scotch tape" method
was used to first obtain it in a lab setting (Novoselov et al., 2004). Due to its exceptional
properties, including as its large specific surface area, outstanding mechanical rigidity,
extraordinary electrical transport, and great biocompatibility, graphene is an ideal material for
electrode modification (Yang et al., 2010). The hydrophobic nature of graphene, however,
prevents it from functioning properly in water. Aftabtalab et al. (2015) and Giraldo et al. (2013)
found that rGO has promising potential as a porous material for seawater desalination, which
removes a variety of water pollutants including metallic ions, anions, microplastics,
nanoparticles, organic chemicals, and biological substrate. Graphene can be changed into
graphene oxide (GO) by oxidising it (Zhao et al., 2015; Lee et al., 2015) in order to enhance its
dissolving property. In order to create reduced graphene oxide (rGO), reducing agents are used
to convert graphene oxide into the material (Mussa et al., 2020). Although there are numerous
graphene-like properties, it might have some oxygen-containing groups on the surface.
According to Sharma et al. (2017), rGO sheets are a kind of graphene that was produced
chemically.

According to Perreault et al. (2015) and Gurunathan et al. (2013), the
bioactivity of graphene-based materials was based on surface contact and was produced by the
production of reactive oxygen species (ROS). Graphene and graphene mixed with IONPs have
been used in the current context, and the results have been reported (Santos et al., 2012; Pelin
etal., 2017; Hastak et al., 2018; Yang et al., 2019; Jedrzejczak et al., 2017; Gade et al., 2015).
Graphene with Fe;O. was studied by Jedrzejczak-Silicka et al. in 2017 for its impact on DNA
integrity and relative viability. In conclusion, they noted that the material had high
biocompatibility and that it might be used to treat hyperthermia. According to Wang et al.
(2012) and Yao et al. (2012), FesO./graphene composites have attracted a lot of attention for
their ability to enhance transfer and adsorption capabilities. Since the creation of a synergistic
effect could be expected to have high potential in lithium ion batteries, microwave-absorbing
materials, biomedicine, and supercapacitors, graphene/Fe;Os composite film has received
particular attention (Zhou et al., 2010; Zhang et al., 2014; Ou etval., 2014; Liu et al., 2014).
Purified rGO/Fe;04 nanoparticle dispersion synthesised from chemical reduction technique
(Liang et al., 2010) was used to create films based on graphene. For prospective use as
magnetically  controlled  switches, graphene/F-NP  hybrid  films  demonstrated
superparamagnetic characteristics. The FesO, is effectively electrically connected to the
reduced graphene oxide, enhancing conductivity and minimising FesO4 loss brought on by
volume fluctuations during discharge/charge processes. By using a hydrothermal technique,
(Cunging et al., 2017) created a FesOas/graphene nanosheet composite. Fes04/rGO
nanocomposites are photocatalytically active materials (Peik et al., 2014; Padhi et al., 2017),
for decreasing heavy metals such the ions of Cu*?, Zn*2, and Ni*? (Moradinasab et al., 2016),
Cr?, Pb*(Cao et al., 2015; Wang et al., 2015; Sun et al., 2014; Al et al., 2016), detecting Cd*?
(Yuetal., 2014) ions, degradation of phenol, antibacterial (Padhi et al., 2017), biosensing (Yu
etal., 2014) and absorbent for withdrawing dyes in aqueous solutions (Yang et al., 2015 ; Yang
et al., 2018; Namvari et al., 2014). In mineral water (Cui et al., 2012; Chimezie et al., 2017)
and waste water treatment (Mahalingam et al., 2018), it may be incorporated into a sensor to
identify the presence of arsenic. A photo-Fenton-type reaction may occur when graphene and
Fe304 are combined, creating an effective, non-toxic, and environmentally safe mechanism
for the breakdown of industrial dyes.
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Because a photodegradation process considerably reduces pollutants and produces
harmless end products (CO2 and H20), it has been utilised to clean industrial waste water
(Gupta et al., 2012). Since many years ago, iron oxides have been the subject of extensive
research due to their nontoxicity, high efficacy, stability, and high activity under continuous
use (Chin et al., 2007, Mandal et al., 2015; Yavuz et al., 2006). The huge surface area
(2600m?/g), superior mechanical flexibility, and optical transparency of graphene
functionalized nanocomposites have been reported to greatly improve the photodegradation
properties (Gupta et al., 2012). In order to effectively remove natural colours, heavy metal ions,
and pesticides from river sand, graphene is attached to the surface of the sand (Gupta et al.,
2012). According to research on waste water treatment by Kami et al. (2022), graphene-Fes;Os
has been reported to photodegrade contaminants. The synthesis of FesO. with graphene
provides the possibility to use like a photo-Fenton response to breakdown industrial dyes in a
way that is efficient, nontoxic, and environmentally acceptable. The degradation of coloured
pigments by zinc along with Fe;O4 that is doped with graphene has not been thoroughly studied.
As a result, it is anticipated that double doping FesO4 with both zinc (Zn) and graphene (G)
will produce better results than either undoped or single element doped FezO.. In this instance,
the degradation of an industrial dye was evaluated using Zn and G as dopants on Fe3O,.

2.Experimental
2.1Materials

The 30% ammonia solution (NHs), ferric chloride hexahydrate (FeCls.6H,0), and
ferrous chloride tetrahydrate (FeCl,.4H,O) were bought from National Scientific Company in
Madurai. We bought zinc sulphate ZnS04.7H,O and graphene from Sigma-Aldrich. From
Himedia Laboratories Pvt. Ltd., washable reagents were acquired. Deionized water was used
to make each and every aqueous solution. Without additional purification, all of the materials
utilised in this investigation were of analytical quality.

2.2 Preparation of nanocomposites

Synthesis of Fes04 nanoparticles (F-NPs), graphene-doped FesO4 (G/F-NCs), zinc-doped
FesO.4 (Zn/F-NPs) and graphene-zinc codoped Fe;O4 (G/Zn/F-NCs) hanocomposites

FesO. nanoparticles were created using 0.07 M FeCl..4H,0O and 0.14 M FeCls.6H.0 in
deionized water with constant stirring, they were dissolved in a 1:2 molar ratio (Maity et al.,
2007; Arakha et al., 2015; Ramanathan et al., 2021). The aforementioned homogenous solution
was added dropwise with a 30% ammonia solution, and the temperature was held at that level
for an hour while vigorous stirring. A pH metre was used to determine the pH of the solution,
which was 7. A black coloured precipitate was produced as a result of the response. The
precipitate was collected, three distilled water washes were performed and then calcined for
one hour at 300°C. The prepared sample also included the designation "F-NPs." Using the
equation shown below, the entire method may be discussed:

FeCl, + FeCls + 8NH;3 + 4H,0 — Fe304 + 8NH4CI

0.05 g of graphene was added to the initial homogeneous solution to create the
graphene doped FeszO4 nanocomposite and the identical steps regarding the F-NPs repeated.
And G/F-NCs was the designation given to the prepared sample.

The initial homogeneous solution was mixed with 0.09 g of zinc sulphate ZnSQO4.7H,0
to create the zinc doped FesO4 nanocomposite. The procedure was then repeated to create F-
NPs. And Zn/F-NPs were used to identify the produced sample.

Migration Letters



1252 Photodegradation Of Industrial Dyes Using Graphene/Zinc-Codoped Fezo0, Nanocomposites
Prepared By The Coprecipitation Technique Is Assisted By Uv Light

Following the same procedure as for F-NPs, 0.05 g of graphene with 0.09 g of
zinc sulphate ZnSQO4.7H,0 were included into the original homogenous solution to produce
graphene and zinc double doped Fe;Os nanocomposite. The prepared sample had the
designation G/Zn/F-NCs on it. Further characterizations were performed on the acquired
product. In Fig. 1, a schematic representation of the creation of F-NPs, G/F-NCs, Zn/F-NPs,
and G/Zn/F-NCs is shown.
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Fig. 1: Synthesis of F-NPs, G/F-NCs, Zn/F-NPs and G/Zn/F-NCs
2.3 Instrumentation

With the use of a powder X-ray diffraction apparatus using Cu K radiation (= 0.15406 nm), the
crystal structure of the produced nanomaterials was investigated. The oxidation states of the
materials were investigated using X-ray photoelectron spectroscopy (XPS) investigations using
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a PHI 5000 Versa Probe Il (purchased from ULVAC-PHI Inc., USA) equipped with a
microfocused (200 m, 15 KV) monochromatic Al-K X-Ray source (hv = 1486.6 eV). Using
UV-visible and photoluminescence (PL) spectroscopy, the optical characteristics of the
produced nanoparticles are examined. In order to examine vibrations, Fourier Transform
Infrared Spectroscopy (FT-IR) was performed using a Shimadzu FT-IR spectrophotometer.
Scanning electron microscopy (EOL JSM-5600 LV) was used to take images of the sample's
surface and map its elements. A study of the synthesised sample's elemental makeup using
energy dispersive spectroscopy (EDAX) was done. Transition electron microscopy and a
selected area electron diffraction pattern (SAED) (FEI, TECNAI S twin microscope with a 100
KV acceleration voltage) were used to examine the material's microstructure and particle size.
Altamira Instruments, Inc.'s (BET) Brunauer Emmet Teller (2 nm-500 nm, macro and
mesopore analysis) N2, Ar are adsorbents. The BET surface area adsorption and desorption
isotherms of the material were examined using degassing temperatures up to 350° C.

The antibacterial F-NPs, G/F-NCs, Zn/F-NPs and G/Zn/F-NCs activity against
Pseudomonas aeruginosa and Staphylococcus aureus was assessed using the disc diffusion
method. To raise the culture up to McFarland standards (108 CFC/mL), all samples were
inoculated into sterile nutrient broth (Hi Media) (1.5 mL) and grown for two hours. Utilising a
sterile spreader, the inocula were applied to brand-new nutrient agar plates. The selected centre
received the control disc. Each individual organism appeared three times on the Mueller-
Hinton-Agar/Hi Media after 100 L of revived culture were dispersed over it. All of the prepared
samples (50 L) were placed in a single 4 mm-diameter well. After 24 hours at 37 °C in an
incubator with all the petri plates, the zones of inhibition (ZOI) were assessed in millimetres.

The photocatalytic function of F-NPs, G/F-NCs, G/Zn/F-NCs and Zn/F-NPs was
measured using a UV-vis spectrophotometer (Systronics 2203, India). In order to assess the
breakdown of the dye under UV light, with a pH of 8, 8 mg L of methylene blue (MB) dye
was combined with 0.9 mg L™ of an aqueous solution of the catalysts that were created.

3. Results and Discussion
3.1 Structural Studies (XRD)

Fig. 2 shows the XRD patterns of F-NPs, G/F-NCs, Zn/F-NPs, and G/Zn/F-NCs. In the F-NPs
XRD pattern, the diffraction peaks are indexed as 18.54° (111), 30.32° (220), 35.73° (311),
43.01° (400), 53.41° (422), 57.16° (511) and 62.85° (440). In order to identify the G/F-NCs'
diffraction peaks, the XRD pattern at 30.41° (220), 35.47° (311), 43.23° (400), 53.37° (422),
56.97° (511) and 62.63° (440). The presence of the graphene (002) peak in G/F-NCs implies
the creation of G/F-NCs nanocomposites. The diffraction peaks at 18.39° (111), 30.25° (220),
35.02° (311), 42.37° (400), 52.28° (422), 56.84° (511) and 62.39° (440) are indexed according
to the XRD pattern of Zn/F-NPs. The peaks with Zn doping were somewhat offset to lower
angles in comparison to pure F- NPs, showing that the Fes and Fe; ions in the FesO, lattice had
been switched out for the ions of Zn. Production of Zn/F- NPs was most advantageous since
both iron and zinc ions could easily occupy their desired positions. The peaks at 30.13° (220),
35.55° (311), 42.43° (400), 53.25° (422), 56.67° (511) and 62.71° (440) are indexed according
to the G/Zn/F-NCs' XRD pattern. According to Cheng et al. (2017), the G/Zn/F-NCs' XRD
pattern showed a tiny peak at 24.3° in agreement with graphene's (002) reflection. These
findings suggest that the FesOs crystal phase in the G/Zn/F-NCs was unaffected by the
graphene addition. These are the reflections of Face Centred Cubic (FCC) Fe3O4 nanoparticles
from the JCPDS file No. 65-3107 (Anjana et al.,2018).
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Figure 2 shows the X-ray diffraction pattern for F-NPs, G/F-NCs, Zn/F-NPs and G/Zn/F-NCs

The crystalline size, cell volume, lattice constant, strain, bond length on the octahedral,
tetrahedral, and cubic spinel sites, as well as the dislocation density of F-NPs, G/F-NCs, Zn/F-
NPs and G/Zn/F-NCs are listed in Table 1. The approximate crystalline diameters of F-NPs,
G/F-NCs, Zn/F-NPs and G/Zn/F-NCs were 34.22 nm, 38.61 nm, 41.58 nm, and 40.73 nm,
respectively, according to Scherrer's equation. According to the calculated crystallite size,
Zn/F-NPs give a larger size than F-NPs. The prepared Zn/F-NPs appear to have high
crystallinity based on the strong, crisp peaks (Farimani et al., 2013). According to theory, this
increase was brought on by a rise in Zn?* concentration, which has a larger ionic radius than
Fe?* and Fe®* (Mozaffari et al. 2015). Calculated lattice parameters for F-NPS, G/F-NCs, Zn/F-
NPs, and G/Zn/F-NCs were 8.3880, 8.3845, 8.3814, and 8.3827, respectively. With a value of
8.396, they are significantly less than that of bulk matter. The construction of nanoparticles is
the result of the interior atoms being compressed into the spherical bodies (Sun et al., 2006).
Due to the modest variation in the ionic radii of Zn (0.74 ) and Iron (0.645 ), the observed
lattice parameter of pure and doped F-NPs does not demonstrate a significant difference
(Anjana et al., 2018). Additionally, it has been found that the lattice parameter marginally
decreases as Zn?* level rises (Ramesh et al., 2019). The lattice parameter and cell volume values
obtained are reasonably close to the values (a=8.390, V = 590.70 3) in JCPDS file number 65-
3107. The values of cell volume have a similar tendency to those of lattice constants since they
closely correlate with each other (Somvanshi et al., 2020). The variation in the 1220/1440
values, according to Lassoued et al. (2018), can be utilised to explain the cations at the
tetrahedral and octahedral sites.
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E-NPs 34. |8.38 | 0.000 | 590. [0.008 |3.63 |2.96 |521 |1.81 |2.097 |48.7 |0.168 | 13.
22 |80 85 17 7 27 60 19 61 42 766
G/F- |38. | 838 |0.000 |589. | 0.000 | 3.63 | 296 |521 |1.81 |2.096 |69.7 |0.126 | 7.1
NCs 61 |45 69 43 99 22 48 85 53 1 98 97
Zn/F- | 41. |8.38 | 0.000 | 582. | 0.000 | 3.63 |2.96 |5.30 |1.80 |2.092 | 49.5 | 0.165 | 13.
NPs 58 |14 48 84 91 11 12 35 42 4 14 517
G/zZn/ | 40. | 8.38 | 0.000 | 583. | 0.000 | 3.63 |2.96 |5.28 |1.80 |2.093 |71.1 |0.244 | 13.
F-NCs | 73 | 27 51 39 97 15 26 54 99 2 15 747

By using X-ray photoelectron spectroscopy (XPS), the oxidation states of the produced
G/Zn/F-NCs are determined. The survey spectrum of G/Zn/F-NCs in Fig. 3(a) demonstrates
that oxygen, zinc, and iron components are present in the final product. Graphene is another
component of the synthesised material that contributes to the carbon peak's presence. Atomic
percentage of elements detected by XPS analysis Fe of 27.12%, O of 46.97%, C of 25.61%, Zn
of 0.1%. As seen in the inset, two strong peaks brought on by 2ps. are visible in the high-
resolution XPS spectra of Fe 2p (Fig. 3(b)) (at a wavelength of around 711.39 eV) and 2py, (at
a wavelength of around 725.21 eV) (Wu et al., 2015; Zhang et al., 2016). Deconvolution of the
2ps2 peak reveals two peaks related to Fe?* (at 711.05 eV) and Fe®* ions (at 712.98 eV).
Deconvolution of the 2p1, peak can also reveal the presence of two peaks brought on by Fe?*
and Fe*ions that are present in the FesO4 lattice, respectively at 732.73 eV and 725.54 eV
(Wang et al., 2012; Chen et al., 2013). Two peaks at 1025.20 and 1048.76 eV in the high-
resolution XPS spectrum of Zn 2p, which are attributed to Zn 2ps; and Zn 2pis,, respectively,
imply the existence of Zn?* in the FesO4 products (Liu et al., 2015; Li et al., 2014; Yu et al.,
2019). From the high resolution XPS spectrum of the C1s level (Fig. 3(d)), four peaks could
be identified. Graphene-like sp? hybridised carbon is responsible for the largest peak at 284.75
eV. According to Chang et al. (2013), the different surface oxidation states C-O, C=0, and O-
C=0 are responsible for the peaks at 285.54, 288.62, and 293.28 eV, respectively. The O anions
in the Fe304 lattice are identified as the three peaks in the high-resolution O1s spectra (Fig.
3(e)), with the peak at 530.38 eV being the most obvious. The graphene in the composite
establishes surface bonds with oxygen at 531.86 and 532.78 eV, while at 532.78 eV, the oxygen
in the Fe-OH group contaminates the surface of the Fe304 particles. The spectra’s high binding
energy region may be influenced by numerous more smaller peaks, which is usually due to
surface flaws, impurities, and chemisorbed oxygen species. In spite of this, it is clear from the
spectra that their existence, if any, would be too negligible to have a substantial impact on the
current investigation (Wang et al., 2012).
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Fig.3 Synthesised G/Zn/F-NC XPS spectra: (a) The survey spectrum, (b) the Fe 2p, (c) Bi
2p, (d) C 1s and (e) O 1s spectra

3.2 Optical studies

Their UV-vis absorption spectra and band gap energy map were generated in order to evaluate
the optical absorption and band gap characteristics of F-NPs, G/F-NCs, Zn/F-NPs and G/Zn/F-
NCs. Optical absorption was seen at wavelengths of 404, 408, 414, and 411 nm for F-NPs,
G/F-NCs, Zn/F-NPs and G/Zn/F-NCs, respectively. Fig.4(b) shows optical band gaps for F-
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NPs, G/F-NCs, Zn/F-NPs and G/Zn/F-NCs of 2.97, 2.89, 2.68, and 2.77 eV, respectively.
According to Cabot et al. (2007), bulk FesO4 has a band gap of 0.1 eV, which is less than that
of the nanocomposites that have been created. The bandgap is widened by the inclusion of Zn
and G dopants. The bandgap energies of Zn-doped FesO. nanoparticles and undoped Fes;O4
nanoparticles, according to Anjana et al. (2018), were 2.4 and 2.25 eV, respectively. The
bandgap energies of the cobalt codoped FezO4 nanoparticles and rGO were 1.901 eV, according
to Anjana et al. (2023). The rGO and nickel-coated Fe3;O4 nanoparticles, also known as Fe;Osa,
Ni@Fe304, G@Fes;04, and Ni/G@Fes04 (Sherin et al.,2023), had optical bandgaps of 1.970
eV, 1.824 eV, 2.094 eV, and 2.130 eV, respectively. It is common established that as particle
size decreases, a substance's band gap energy increases (Ferraz et al., 2021;Manikandan et al.,
2014). A bandgap energy fell as the particle size rose, and the optical absorption in the current
instance (Zn doping) was red shifted. This could be explained by differences in Zn and Fe's
electronegativity and ionic radius caused by the formation of new defects structured as Fe
atoms for Zn atoms. The system's higher disorder may be caused by the Zn 2p ions' larger ionic
radius when compared to the Fe; ions, a basic metal. The bandgap energy reduction might be
brought on by this. According to Modwi et al. (2019), the bandgap reduction and absorption
redshift are most likely caused by the sp-d spin-exchange interactions between the band
electrons and localised d-electrons in the Zn dopants. If the acceptor energy level drops below
the conduction band or the donor energy exceeds the initial valence band, a decline will occur
(Zhang et al., 2020). Additionally impure energy may be produced by Zn in the prohibited
band. The above quantum confinement property of G/Zn/F-NCs is demonstrated by the high
bandgap energy produced by the codoping of Zn and G into FesO4. The codopants absorbed
smaller G/Zn/F-NCs more readily, which led to photocatalysis.
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Figure 4(a) UV-visible spectra and (b) band gaps of F-NPs, G/F-NCs, Zn/F-NPs and
G/Zn/F-NCs

Using photoluminescence (PL) spectroscopy, the produced nanoparticles' optical
characteristics are further examined. As can be seen in Fig. 4(c), the absorption of F-NPs, G/F-
NCs, Zn/F-NPs and G/Zn/F-NCs triggered at 340 nm all exhibit PL from the visible to near
infrared region, but with varying intensities and wavelengths. Peaks of the absorption for F-
NPs may be found at 359.91, 492.05, 519.87, and 593.63 nm. G/F-NC absorption peaks were
measured at 362.06, 493.44, 521.24, and 592.85 nm. At 361.35, 494.61, 535.43, and 596.26
nm, Zn/F-NPs' absorption peaks can be seen. At wavelengths 361.35, 495.37, 535.42, and
596.26 nm, G/Zn/F-NCs exhibit their absorption peaks. Bulk Fe;Os, on the other hand, shows
no PL. This results from the various particle confinement and spatial arrangements. Here, the
contacts between the nanoparticles' surfaces are explained by high surface area (SA) per unit
mass of the nanoparticle, which increases surface activity and has a propensity to react with
the water molecules that are adsorbed during the chemical reaction. While in the FesO4, Fe?*
ions have a great affinity for interacting with water's oxygen molecules. When light strikes
semiconductor materials, electrons and holes are produced. Fluorescence will be produced
when holes and electrons unite again. To determine the separation rate of photoinduced
charges, the PL characterizations of F-NPs, G/F-NCs, Zn/F-NPs and G/Zn/F-NCs were
performed. The PL intensity of F-NPs was noticeably lower than that of G/Zn/F-NCs, as can
be shown in Fig.4(c). In the F-NPs sample, the photogenerated charges' recombination
efficiency was reduced because of the loaded Fes;O4 (Kexin et al., 2020). The luminescence
exhibited on graphene and bismuth doped FesOs is the result of charge transfer at the interface
between the dopants and the oxide. Due to collective emissions and light scattering, dopants
generate an excitonic emission peak that is conspicuous and red-shifted. According to Phan et
al. (2011) and Fu et al. (2012), the chemical bonding of the dopants with FesO, after the
addition of graphene and zinc is what causes the higher absorbance and red shift of G/Zn/F-
NCs in contrast to F-NPs.
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Fig.4(c) F-NP, G/F-NC, Zn/F-NP and G/Zn/F-NC PL absorption spectra
3.3 Vibrational Studies

Fig.5 shows the FTIR spectra of F-NPs, G/F-NCs, Zn/F-NPs, and G/Zn/F-NCs. Characteristic
peaks were seen in the spectra around the wavelengths of 3453.12, 2936.24, 2841.68, 1627.07,
1378.39, 1163.22, 1037.95, 839.51, 538.64, and 459.23 cm™. According to Haw et al. (2011),
the water molecules' O-H vibrations on the surface of the nanoparticles are responsible for the
broad bands at 3453.12 cm™. According to Haw et al. (2011), the vibrations of C=0, C-C, and
C-H stretching are represented by the bands at 1627.07, 1378.39cm:, and 800.57 cm™. G/Zn/F-
NCs and G/F-NCs samples contain graphene, as evidenced by the presence of and C=0 groups.
And these diminished vibrations indicate that the presence of Fe3* and Fe?* ions from FesO4
weakens the vibrations of the carbon bonds (Rezapour et al., 2018; Lyubutin et al., 2018;
Sharmaet al., 2017). The nanocomposite's C-N stretching vibration is responsible for the peaks
seen between 1262.43 and 924.11 cm™ (Liu et al., 2018). The C-O stretching vibrations, which
are seen in the graphene inclusion with Fe;O4 nanoparticle in the FTIR spectra of G/F-NCs
correlate to a vibration signal at about 1135.78 cm™. The creation of the Fe;O4 spinel structure
is confirmed by the bands at 763.31, 538.64, and 459.23 cm™ in the Fe-O stretching vibrations
of Fe?* and Fe® ions at octahedral and tetrahedral positions in the FTIR spectra of F-NPs
(Agnihotri et al., 2020; Keiser et al., 1982). The bands at 763.31, 538.64, and 459.23 cm™ in
The positions of the G/Zn/F-NCs' FTIR spectra have been changed towards 781.23, 545.52,
and 469.47 cm™. The Fe?* ions in the FesO4 lattice were thought to be the cause of the band
shifting, which was related to the bond length replacement were switched out for Zn ions (Yang
et al., 2009).A successful integration of zinc ions into the Fe3O4 lattice occurred in G/Zn/F-
NCs, according to the FTIR results.
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Figure 5 shows F-NPs, G/F-NCs, Zn/F-NPs and G/Zn/F-NCs FT-IR spectra
3.4 Morphological studies

The surface morphology of the synthesised F-NPs, G/F-NCs, Zn/F-NPs and G/Zn/F-NCs as
observed by SEM examination is depicted in Fig. 6(a, b, ¢ and d). The resultant nanoparticles
are discovered to have a spherical form. Figure 6(e, f, g and h) shows the results of an analysis
of the elemental makeup of the synthesised F-NPs, G/F-NCs, Zn/F-NPs, and G/Zn/F-NCs using
EDAX measurement. There are iron signals in the EDAX spectra of each sample (F-NPs, G/F-
NCs, Zn/F-NPs and G/Zn/F-NCs). It is confirmed that oxygen exists in the synthesised
nanoparticles due to the presence of the oxygen signal at 0.5 keV. Large Fe and O peaks can
be seen in the EDAX spectra, which is consistent with the synthesis of Fe3O4 nanoparticles.
The carbon peak at 0.3 keV in the EDAX spectrum of the synthesised materials, G/Zn/F-NCs
and G/F-NCs, indicates the presence of graphene. Zinc signals at 2.12 and 8.89 keV are visible
in the G/Zn/F-NCs' EDAX spectra (Fig. 6(h)), supporting the presence of Zn in the FesOa
nanoparticles (Mishra et al., 2016). The elements' atomic percentages found by EDAX analysis
are compiled in Table 2, Supporting Information.
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Fig.6 SEM images of (a) F-NPs, (b) G/F-NCs, (c) Zn/F-NPs and (d) G/Zn/F-NCs together
with EDAX spectra of (€) F-NPs, (f) G/F-NCs, (g) Zn/F-NPs and (h) G/Zn/F-NCs

Table.2 Atomic percentage of elements detected by EDX analysis

Samples/Element Fe 0 C Zn
(Wt.%) | (at.%) | (wt.%) | (at.%) | (wt.%) | (at.%) | (Wt.%) | (at.%)
F-NPs 60.48 | 30.48 |39.52 | 69.52 - - - -
G/F-NCs 2255 |6.69 |39.54 |4098 3791 |5233 | - -
Zn/F-NPs 57.05 |28.68 | 39.88 | 70.00 3.07 1.32
G/Zn/F-NCs 59.91 |28.97 |33.85 |57.15 |6.16 13.85 | 0.09 0.04

The microstructure of the samples of F-NPs, G/F-NCs, Zn/F-NPs and G/Zn/F-NCs that were
studied using TEM analysis is shown in Fig.7(a, b, c and d). The produced FesO. nanoparticles
are confirmed to be crystalline in Fig.6. FesOs nanoparticles may be seen scattered on the
surface of graphene in the TEM images shown in Figure 7(b and d). F-NPs and Zn/F-NPs had
average particle sizes determined at 35.72 and 42.03 nm, respectively. Additionally, the
average particle sizes G/F-NCs and G/Zn/F-NCs for F-NPs were determined to be 39.14 and
41.18 nm, respectively. The aggregation of graphene during the chemical reaction is the cause
of the slight rise in average particle size. This number is relatively close to the average crystal
size estimated from XRD data. In iron oxide nanoparticles, C and Zn addition results in more
uniform and spherical particle dispersion. SAED patterns for F-NPs, G/F-NCs, Zn/F-NPs, and
G/Zn/F-NCs are depicted in Fig.7(e, f, g and h). Rings connected with the (111), (220), (311),
(400), (422), (511) and (440) planes are seen in the SAED pattern for all F-NPs, G/F-NCs,
Zn/F-NPs, and G/Zn/F-NCs. This is as a result of the creation of iron oxide nanoparticles. It
has been demonstrated that all SAED patterns are highly intense, supporting the production of
nanoparticles. In light of the lack of any other iron salts, the SAED pattern indicates the
presence of Fes04 nanoparticles in their pure form (Sun et al., 2011).

(@) (b) (©) (d)



J.F.Joe Sherin et al. 1265

Migration Letters



1266 Photodegradation Of Industrial Dyes Using Graphene/Zinc-Codoped Fezo0. Nanocomposites
Prepared By The Coprecipitation Technique Is Assisted By Uv Light

(€) () (@) (h)

Fig.7 shows TEM pictures and SAED patterns of F-NPs, G/F-NCs, Zn/F-NPs and G/Zn/F-
NCs

3.5 BET surface area analysis

Fig.8 displays the samples' nitrogen-adsorption and -desorption isotherms with regard to F-
NPs, G/F-NCs, Zn/F-NPs and G/Zn/F-NCs. Table 1 lists the prepared materials' surface areas,
pore volumes, and pore diameters. At relative pressures between 0.4 and 1, the isotherms show
prominent hysteresis loops, confirming the presence of mesoporous nanocomposites. The
Brunauer-Emmett-Teller (BET) method is used to calculate, the surface areas of F-NPs, G/F-
NCs, Zn/F-NPs and G/Zn/F-NCs were determined to be 48.742, 69.798, 49.514, and
71.115m?/g, respectively. The increase in surface area of the samples after Zn and G doping is
related to a reduction in the crystalline size of the Fe3O4 nanoparticles. A growth of secondary
pores and the incorporation of graphene nanoflakes are responsible for the greater specific
surface area of G/Zn/F-NCs (Su et al., 2011; Lian et al., 2010; Chen et al., 2011). Future studies
on the adsorption of MB from wastewater will focus on the system with the highest G/Zn/F-
NCs surface area because it is appropriate for adsorption applications (Aashima et al., 2019).
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Figure 8 shows the isotherms for the adsorption and desorption of nitrogen on F-NPs,
G/F-NCs, Zn/F-NPs and G/Zn/F-NCs

3.6 Antimicrobial activities of F-NPs, G/F-NCs, Zn/F-NPs and G/Zn/F-NCs

Staphylococcus aureus is efficiently contained medical implants despite the fact that it spreads
and results in a number of harmful infections (Ribeiro et al., 2012). A common environmental
bacterium called Pseudomonas aeruginosa infect people and cause a range of acute and chronic
illnesses that might be fatal, especially individuals with compromised systemic defences (Qin
et al., 2022). The spread of microorganisms with medication resistance is one of the main
causes of the rise in death rates. Thus, it is highly recommended to find new approaches for
developing pharmaceuticals that are efficient against certain bacterial strains. By employing
the disc diffusion technique, it was determined whether F-NPs, G/F-NCs, Zn/F-NPs and
G/Zn/F-NCs all demonstrated any antibacterial effects against a number of hazardous bacteria,
including the often encountered water-borne gram-positive pathogen S. aureus and gram-
negative pathogen P. aeruginosa, as well as fungi, Aspergillus flavus. (Fig.9 and dates are listed
in Table 3). According to Fig. 9, the generated nanoparticles had a maximal zone of inhibition
of 21 mm for S. aureus while ZOls for A. flavus and P. aeruginosa were 16 and 18 mm,
respectively.

Due to modifications in the structure of their cell walls, Staphylococcus aureus
germs were discovered to be more vulnerable to chemical stressors than the other two species.
When nanoparticles come into contact with S. aureus's cell membrane, it reacts, allowing more
metal ions to get through. As a result, S. aureus suffers cell death and lessens its susceptibility
to medication. The G/Zn/F-NCs nanocomposites show a significant antibacterial activity
because of the dangers of toxicity, oxidative stress, and electron transport in graphene (Kumar
et al., 2019). It can injure bacterial membranes directly by slicing into them with its pointed
edges. By inactivating their lipids and proteins, bacteria can reproduce thanks to superoxide
and hydroxyl radicals, singlet oxygen, and hydrogen peroxide are examples of reactive oxygen
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species (ROS) that graphene can produce (Kumar et al., 2019). It functions as an electron
acceptor and eliminates es from the membrane, possibly enhancing the membrane's integrity
(Kumar et al., 2019). DNA deterioration, protein degradation, and lipid peroxidation are all
outcomes of the Fenton reaction's production of ROS. Bacteria can be eliminated by ROS
without hurting non-bacterial organisms. Both good and bad microbes were exposed to the
bactericidal effects of ROS production. Kim et al. assert that Fe2 and oxygen combine to form
hydrogen peroxide. The resultant hydrogen peroxide can harm biological molecules when it
undergoes the Fenton reaction with ferrous ions(Kumar et al., 2019).

Figure 9 illustrates the ZOIl of F-NPs, G/F-NCs, Zn/F-NPs and G/Zn/F-NCs for
Pseudomonas aeruginosa, Staph aureus, and Aspergillus flaves

Table 3 ZOlI of F-NPs, G/F-NCs, Zn/F-NPs and G/Zn/F-NCs

F- G/F- Zn/F- G/Zn/F- Control
NPs NCs NPs NCs (Amikaci
n)
Pseudomon 15 18 mm 19 mm 18mm 23 mm
as mm
aeruginosa
Staph 12 14 mm 15 mm 21mm 16 mm
aureus mm
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Control

(Nystatin

)
Aspergillus 10 12 mm 14 mm 16mm 15 mm
Flaves mm

3.7 Photocatalytic degradation of F-NPs, G/F-NCs, Zn/F-NPs and G/Zn/F-NCs

Because it converts harmful contaminants into tiny, inorganic molecules (CO, and H.0),
photocatalytic degradation is one of the most essential and effective techniques to disinfect
industrial waste water using light irradiation (Arefeh et al., 2019; Su shiung et al., 2020). Waste
products from industrial dyeing are very hazardous, negatively affect the environment and are
not biodegradable. Methylene blue (MB), a carcinogenic phenothiazine derivative used in the
dyeing of textiles, is exceedingly dangerous and toxic. The photocatalytic degradation of
aqueous MB under UV light in the presence of generated nanocatalysts (F-NPs, G/F-NCs,
Zn/F-NPs and G/Zn/F-NCs) has been examined in this paper at various time intervals. As
demonstrated in Fig. 10(a-d), MB was photocatalytically degraded across F-NPs, G/F-NCs,
Zn/F-NPs and G/Zn/F-NCs. With 330 minutes of exposure, it demonstrated a stepwise decrease
in the intensity of MB absorption at 661 nm, confirming that MB is degraded by clinging to
the surface of the nanocatalysts that were created.

Photons can be effectively absorbed due to the great UV absorption of nanocomposite.
From the electrons on the surface of Fe;O4 are transferred from the graphene valence to
conduction band. These trapped electrons produce O, (super oxide radical), which promotes
electron hole separation and they are trapped on the graphene surface. The recombination of
electron-hole pairs in FesOs was controlled by graphene's greater electronic conductivity,
which started when sp? hybridization was restored and continued throughout the reduction
process. According to Hisatomi et al. (2014) and Hoffmann et al. (1995), the redox interaction
of the MB molecules with the catalyst is mediated by the electron-hole pairs. The Fe;O4's holes
(photo produced) combine water, OH and MB dye to produce an active ingredient called a
hydroxyl free radical. The ability of the conduction band to decrease molecular oxygen and the
valence band to produce hydroxyl radicals are both favourable at the nanoparticles' surfaces.
The organic dyes that are present on the surface of the G/Zn/F-NCs are affected by the hydroxyl
radicals that are created because they act as oxidising agents.

FesO4 + Hv — h+vb+ €ch
(OZ)ads +ew — O
H.O+ h* — H*+OH

Although the super oxide radicals still interact with H* to form HO- even if they are no longer
involved in oxidation. As a result, when HO, and additional trapped e- at the valence band
reacted with water/dyes, hydroxyl free radicals (active spices) were created. These radicals are
created by the photocatalytic oxidation of water and reduction of oxygen on photocatalyst
surfaces (Behnam et al., 2021).

‘H*+0,7 — HO2

e+HOy — OH
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Therefore, the radicals O, HO,, and OH; break down MB into its breakdown byproducts, such
as CO and H,0.

OH:-/ HO; /Oy + MB — Degradation Products

Within 330 minutes of irradiation, it has been showed that F-NPs, G/F-NCs, Zn/F-NPs and
G/Zn/F-NCs contribute 62%, 71%, 59%, and 94% to the corresponding degradation of MB
contaminants. When compared to F-NPs, G/F-NCs and Zn/F-NPs, G/Zn/F-NCs have a higher
degradation efficiency. The pseudo-first-order kinetic equation was used to compute the rate
constant (Kapp) Of this catalytic process (Asha et al., 2021; Bessy et al., 2022; Ancy et al., 2021,
Bindhu et al., 2021); the resulting linear plot of In (A/Ao) and time is depicted in Fig. 10(e)
below. Specifically, for F-NPs, G/F-NCs, Zn/F-NPs and G/Zn/F-NCs, kap values of 0.005,
0.007, 0.003 and 0.009/min were given. G/Zn/F-NCs have a bigger predicted kap, Value because
of their high adsorption capacity (caused by the abundance of high light dispersion and
additional active sites for the binding of MB molecules on their surfaces), which results in huge
photoactivity. Due to graphene's high surface area and superior electrical conductivity, G/Zn/F-
NCs can increase photocatalytic activity enhances the interaction of the dye molecules with the
catalyst through electron transfer, hydroxyl radicals, and reactive sites. According to Hoffman
etal. (1995), the thiazine ring in MB makes the photocatalyst more sensitive to light and makes
it more vulnerable to photoreduction.
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Figure 10 (a-d) shows the photocatalytic degradation curves for MB, (e) a linear plot of
Ln (AdAo) versus reaction time, (f) a linear plot of Ln (AJ/Ao) versus reaction time after
seven days, and (g) a degradation (%) versus cycle count plot for F-NPs, G/F-NCs, Zn/F-
NPs, and G/Zn/F-NCs.
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The fact that there have been no appreciable changes to the rate constant values for F-NPs,
G/F-NCs, Zn/F-NPs, and G/Zn/F-NCs even after seven days is evidence of their great stability
towards the photocatalytic reaction (Fig.10(f)). Centrifugation is used to extract all of the
produced photocatalysts from the reaction mixture. A total of five cycles of this experiment are
performed using photocatalysts, with a similar 330-minute reaction period between cycles. The
degradation efficiencies are seen to have not changed significantly (Fig. 10(g)). Because of
this, the samples underwent 300°C calcination. The contaminants that may otherwise cause the
photocatalyst to lose its activity may be removed by doing this. The stable catalytic activity F-
NPs, G/F-NCs, Zn/F-NPs, and G/Zn/F-NCs) were therefore found, supporting their
considerable reutilization for the degradation of MB. Fig. 11 shows a schematic representation
of the process by which G/Zn/F-NCs degrade MB dye.

Organic dyes CO;

'H,0

Fig.11 is a schematic representation of the process by which G/Zn/F-NCs degrade MB
dye

4. Conclusion

The photocatalytic process and antibacterial properties with undoped, single- component doped
and codoped nanocomposites of FesO4 (F-NPs, G/F-NCs, Zn/F-NPs and G/Zn/F-NCs) have
been investigated to contrast the degradation of commercial colours. The fusion of G and Zn
2p ions into Fe;04 was successfully demonstrated by the outcomes of XRD, XPS, FTIR, and
EDAX. The approximate crystallite sizes were 34.22 nm, 38.61 nm, 41.58 nm, and 40.73 nm
for F-NPs, G/F-NCs, Zn/F-NPs and G/Zn/F-NCs respectively, according to Scherrer's
equation. F-NPs, G/F-NCs, Zn/F-NPs and G/Zn/F-NCs had optical bandgaps of 2.97, 2.89,
2.68, and 2.77 eV, respectively. F-NPs, G/F-NCs, Zn/F-NPs and G/Zn/F-NCs were found to
have BET surface areas of 48.742, 69.798, 49.514, and 71.115m?/g, respectively. The
calculated Kapp Values were 0.005, 0.007, 0.003 and 0.009/min for F-NPs, G/F-NCs, Zn/F-NPs,
and G/Zn/F-NCs, respectively. The expected kapp Value was higher because G/Zn/F-NCs have
a high capacity for light absorption and light diffusion due to their strong photoactivity. With
respect to S. aureus, the produced nanoparticles had a maximal ZOl of 21 mm. The
incorporation of double-dopants boosted the precise surface area and increased electron
interaction between components towards enhance a composite's electrical conductivity,
catalytic performance and antibacterial properties. We showed that nanocomposites containing
zinc and graphene are probably going to improve the bacterial binding of nanoparticles.
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