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A novel magnetic photocatalyst nanocomposite, CoFe204@CuO@AgsVO4, was
effectively synthesized by integrating a co-precipitation method with a simple
hydrothermal process. Various techniques were utilized to investigate the
nanocomposite's structure, magnetic properties, and morphologies. Techniques such as
XRD, DRS, VSM, FE-SEM, TEM, and BET were utilized. The DRS analysis determined
that the band gaps of CoFe204, CoFe204@CuO, and CoFe204@CuO@AgsVO4 NPS
were 3.1, 2.82, and 2.64 eV, respectively. This study focused on the removal of organic
dye methylene blue (MB dye) from wastewater to preserve water sources and aquatic
organisms from toxic and carcinogenic pollutants. The effectiveness of MB dye
breakdown was examined under various conditions, including varying photocatalyst
dosage (0.5, 1, 2, 3) g/L, initial pollutant concentrations (10, 30, 50) ppm, H202
concentrations (0.05, 0.1 M), and pH values (2, 5, 7, 11). The objective of this work is to
create an effective, low-cost, stable, and reusable substance for the treatment of
wastewater. About 99.7% of the harmful organic dye (methylene blue) was removed by
CoFe204@CuO@AgsVO4 under optimal conditions (photocatalyst dosage=1g/L, MB
concentration=10ppm, H202 concentration=0.1M, and pH=11). This material shows
superior performance compared to other catalysts because of its narrow band gap, high

magnetic saturation, lower electron/hole recombination, and high stability.

1. INTRODUCTION

Every year, large amounts of organic pollutants are
discarded in water sources from several industries, such as
textiles, tanning, food, plastic, and cosmetics. It is concerning
that during the dyeing process, a sizable amount, (12-50)%, of
these chemicals are discharged into the environment as
effluent. These organic materials are very stable, but they can
cause contamination of surface and groundwater if they are not
treated carefully [1]. Chronic exposure to these hazardous and
carcinogenic pollutants can cause irreversible harm to the
environment and all living things, including humans, plants,
and animals [2]. Methylene blue (MB) dye is a common
cationic dye that is poisonous, carcinogenic, mutagenic, and
ecologically persistent. It is extensively employed as a
synthetic dye for dying fabrics in garment and textile sectors
and for dyeing papers and leathers [3]. Thus, many scientists
and academics are concerned about effectively managing
persistent organic contaminants like dyes. Ozonation,
electrochemical oxidation, chemical oxidation, adsorption,
photocatalytic degradation, ion exchange, membrane
separation, and biological treatments are some of the
technologies that have been used to destroy MB in aqueous
solutions [4-6]. Photocatalysis, a sustainable technology
within the advanced oxidation process, is employed for
various environmental applications, including organic
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degradation, microbial inhibition, cancer cell eradication, and
air pollution mitigation, through the generation of diverse
reactive oxygen species (ROS), such as hydroxyl radicals
(*OH), superoxide radicals (*O), hydrogen peroxide (H,0>),
along with free electrons (e-) and holes (h+). Moreover,
semiconductor photocatalysis represents a highly promising
and efficient technology owing to its cost-effectiveness,
environmentally friendly nature, elevated degradation rate,
low toxicity, ease of modification of optical and electronic
characteristics, and capacity for recycling without losing
photocatalytic efficacy. In addition, it requires only
photoactive material and solar light (or artificial light) to
completely mineralize the organic contaminants into water,
CO,, and non-hazard products [7]. Notwithstanding their
efficacy, these materials experience electron/hole
recombination, possess a broad bandgap energy, exhibit
reduced stability, and face challenges in separating exhausted
photocatalysts. These limitations can significantly undermine
their reliability. Consequently, various advanced technologies
and enhancements have been devised to address these issues,
including nanoparticles, doping, coupling, dye sensitization,
and semiconductor-semiconductor heterojunctions (e.g.,
supporting and core/shell composites) [8]. Recent
investigations have focused on nanosemiconductors such as
TiO,, ZnO, ZnS, CdS, Fe;O;, SrTiOs;, and Ag,WOs in
numerous environmental purification applications, including
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organic degradation, microbial inactivation, sensing, water
splitting, and solar cells [9].

For instance, the flower-like Fe;04/SiO,/MnQ,/BiOBr-Bi
magnetic composite photocatalyst was wused for the
degradation of methylene blue (MB), achieving a removal rate
of approximately 95.23% within 180 minutes [10]. Similarly,
an Au-TiO, catalyst degraded MB with an efficiency of
88.6%. Under visible light, Fe;O; demonstrated the highest
Rhodamine B (RhB) dye degradation efficiency of 94%, while
the methyl orange (MO) degradation rate over CdS was
68.30% [11].

This study aims to develop an effective, low-cost, and
recyclable photocatalyst for the degradation of organic
pollutants (MB dye). The magnetic semiconductor material
used in this work, cobalt ferrite, possesses several unique
properties, including a small optical bandgap, nontoxicity, and
affordability. When combined with metal oxides like CuO,
cobalt ferrite's magnetic properties make it suitable for
magnetic separation of materials from aqueous solutions [8].
On the other hand, Ag3;VOs is a silver-based photocatalyst that
effectively degrades natural toxins under visible light [10, 11].
This semiconductor's ability to absorb a significant amount of
solar energy makes it an ideal candidate for developing highly
efficient, visible light-driven photocatalysts [12].

Table 1. Advantages and disadvantages of physical,
chemical, and biological technologies used for organic

degradation
Technique Advantage Disadvantage
“They can be applied -They merely transfer
the removed pollutants
. to remove all types of
Physical oreanic pollutant b from one phase to
method a d%o tig o and M another without actually
P . destruction exhibiting
membrane filtration. .
secondary toxic effluent.
_Simple -Expensive.
Chemical  -Effi (I:)ieﬁ ¢ -Produced large amount
method -Distructive of ?Iishllgrg:(.i hich
organic pollutants. quir & .
quantities of chemicals.
-Green treatment -Inapplicable for
technology. degradation of toxic
Biological -Require fewer organic pollutants.
methgo d chemicals and energy. -Not sufficient for TOC
-Harmless end and COD removal.

-Sensitive to
environmental factores.

product.
-Low running costs.
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Table 1 shows the advantages and disadvantages of some of
these techniques.

2. MATERIALS AND METHODS
2.1 Materials

Cobalt(Il) nitrate [Co(NHs3),.6H,O], iron(Ill) nitrate
[Fe(NO3)3.9H,0], copper acetate [Cu(CH3COO),.-H,O], silver
nitrate [AgNO;3], ammonium vanadate [NH4VOs3], sodium
hydroxide [NaOH], hydrochloric acid [HCI], ethanol
[C.HsOH], hydrogen peroxide [H»O:], and methylene blue
[Ci6H18CIN3S] were used in this study. All the reagents were
of analytical grade and were employed without any further
purification.

2.2 Synthesis of metal ferrites photocatalysts (CoFe:204)

From nitrate salts, the metal ferrite photocatalyst CoFe>O4
was synthesized via the co-precipitation technique. Two
solutions of 100 mL distilled water containing 0.2M cobalt
nitrate and the other containing 0.4M iron nitrate were
combined and stirred for 30 minutes at 250 rpm using a
magnetic stirrer. Incorporating 0.1M NaOH into the mixture
increased the pH to (11-12). To accomplish homogenization,
the mixture was heated to 80 degrees Celsius for 30 minutes
and then subjected to 37 minutes of ultrasonication and 10
minutes of centrifugation at 4500 revolutions per minute [13,
14], following multiple washes with ethanol and distilled
water; the combination was subjected to eight hours of drying
at 80 degrees Celsius (Figure 1).

2.3 Synthesis of CoFe:04@CuO

The steps outlined in Figure 2 were followed to synthesize
CoFex04@CuO nanoparticles. Add 4.5 g of CoFe>O4 to 80 mL
of distilled water. After a 30-minute ultrasonic mixing phase,
a solution consisting of 0.5 g of copper acetate dissolved in 20
mL of distilled water was introduced into the initial solution.
The resulting mixture was then agitated using a magnetic
stirrer for an additional duration of 30 minutes. Drops of a
0.1M NaOH solution were utilized to lower the pH to (11-12),
and it was placed in an autoclave device at 200°C for 8hr [11].
The CoFe;04@CuO black powder was created after washing
several times with water and ethanol and drying in a furnace.
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Figure 1. Steps of fabrication of CoFe;O4
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Figure 3. Fabrication of CoFe,O4@CuO@Ag3VOs photocatalyst

2.4 Synthesis of CoFe:04@CuO@Ag3VO4

The hydrothermal method was wused to create
CoFe:04@CuO@Ag3VOs  nanoparticles.  The — weight
percentages of the components were as follows: 90%
CoFe;04@Cu0, 5% ammonium vanadate, and 5% silver
nitrate. The solution was deemed homogenous after
supervising 30 minutes of ultrasonication and 60 minutes of
stirring. The pH was then brought down to 11 or 12 by adding
a NaOH solution (the procedure is depicted in Figure 3). The
ensuing procedures involved operating an autoclave at a
temperature of 200°C for 20 hours, followed by rinsing with
ethanol and distilled water, and concluding with the process of

drying [13].
2.5 The characterizations of synthesized photocatalysts

Extensive imaging techniques were employed to
characterize the photocatalysts obtained, including XRD, FE-
SEM, VSM, TEM, BET, BJH, and UV-vis DRS. The (XRD)
analysis was conducted at ambient temperature, scanning a
range of 20 values from 20° to 80° at an average speed of 2°
per minute. The recently produced photocatalysts were
examined for their crystallinity and chemical composition
using a Shimadzu XRD-7000. A wavelength of 0.15418
nanometers characterized the graphite-chromatized radiation.
The tube had an electrical current of 30 milliamperes and a
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voltage of 40 kilovolts. Many photocatalysts' morphology and
particle size analysis were investigated using TEM (TEM,
Hitachi, H-7500, Japan) and FE _SEM (FE-SEM, Tescan
Mira3, France). "Vibrating sample-magnetometer" (VSM,
EZ7, Microsence, Japan) was utilized to assess the magnetic
characteristics of the photocatalysts. The VSM operates within
a field range of -10,000 to +10,000 Oe. The photocatalysts'
specific surface area and total pore volume were determined
by analyzing N2 adsorption/desorption isotherms and
employing the "Brunauer-Emmett-Teller" (BET) approach.
Furthermore, the photocatalyst's mean pore diameter and
range of pore sizes were determined using the "Barrett-Joyner-
Halenda" (BJH) technique. The bandgap energy of the
generated materials was evaluated using "UV-visible diffuse
reflectance spectroscopy" (DRS) on the Hitachi U-3900H
equipment.

2.6 The photocatalytic performance

The photocatalytic degradation effectiveness against MB
dye was examined using a batch reactor consisting of a one-
thousand-milliliter Pyrex beaker where the mixture occurs. As
shown in Figure 4, the reactor was illuminated using a
structure of visible light (VL) sources, which included four
30W xenon lamps. For the duration of the procedure, the
photocatalysts were suspended in a mixture of MB dye and
water. In the initial experiment, a one-hundred-milliliter



solution of MB dye was equipped using a 0.1M H,O> solution,
a naturally occurring pH, 0.5 g/L of photocatalysts created,
and a starting concentration of 10 ppm. The absorption-
desorption equilibrium state was reached after 60 minutes of
constant stirring in the dark control [14]. Afterwards, the MB
dye was photocatalytically destroyed by exposing the reactor
to visible light for 90 minutes. It determined the residual MB
concentration using a 595 nm UV-spectrometer by taking two
milliliters of the deteriorated sample every fifteen minutes. Eq.
(1) was used to compute the photocatalysts' degradation
performance (DP)[12]:

DP(%)=(Co — C)/Co x 100 (1)
where, Cy is the initial concentration (10ppm), and C; is the
final concentration of MB solution after photocatalysis
process.

Cooling fun
‘_—

Xenon 60W

gl B,

Figure 4. The batch photoreactor is used in the
photocatalysis process

3. RESULTS AND DISCUSSION
3.1 Characteristics results

3.1.1 Photocatalysts phase analysis
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Figure 5. The XRD diffraction patterns of synthesized
photocatalysts

Figure 5 shows the XRD pattern of spinel-type cobalt ferrite
nanoparticles made at 300 K room temperature using the sol-
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gel auto-combustion procedure.

Particularly striking in the XRD pattern are several
reflections, namely (220), (311), (222), (400), (422), (511),
and (440). The peaks are indexed based on the JCPDS card
number 22-1086. Here, the F.C.C. cubic structure's reflections
can observe. For XRD purposes, these reflections are the only
peaks. The crystallite size was 21.6 nm by utilizing the most
prominent peak (311 in this case) and the famous Scherrer's
formula. The (220), (311), (422), (511), and (440) planes of a
cubic structure CoFe,Oj4 are thought to be responsible for the
visible peaks, according to standard data (JCPDS card no. 22-
1086). Two reflections at 20 =35.3 (002) and 26 =39 (111)
probably formed the monoclinic crystal phase of CuO, as
shown by the diffraction patterns. Applying the Deby-Scherrer
equation to the XRD data, it found that the peak with the
maximum intensity was about 36 nanometers, which is the
estimated crystallite size. Peaks at 311 are observed for both
the CoFe;04@CuO and CoFe;Os components in the
composite CoFe,O4@CuO@Ag3;VO,4 [15].

3.1.2 Optical properties of synthesized photocatalysts
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Figure 6. The optical properties of photocatalysts (a) UV-vis
DRS analysis (b) Optical bandgap using Tauc plots of (ahv)?
versus hv for photocatalysts

Figure 6(a) displays the results of the UV-vis DRS study
that investigated the VL absorption boundaries and “band gap
energy” (Eg) of the synthesized photocatalyst. The
CoFex04@CuO@AgzVOs sample showed wide absorption
boundaries in the VL region and excellent absorption in the
ultraviolet and VL spectra. Its absorption edge value was 350
nm. Expanding heteroconnections between CuO and Agz;VO4
NPs broaden absorption boundaries. This attribute can
augment the photocatalytic efficacy of the composite material
in comparison to CoFe;O4 and CoFe O4@CuO. This is
achieved by facilitating sufficient spatial segregation of the
photogenerated electron/hole (e/h*) pairs upon exposure to
visible light [16]. The bandgap energy (Eg) of the synthesized



samples was determined using Eq. (2), incorporating the data
obtained from DRS analysis and the Kubelka-Munk relation.
In this equation, a, v, h, n, and A represent the absorption
coefficient, photon frequency, Planck constant, trajectory of
transition, and proportionality constant, respectively [17]. The
CoFe;04@CuO samples exhibited a bandgap value of 2.82
eV, while the CoFe,Os@CuO@Ag;VOs samples had a
bandgap value of 2.64 eV (Figure 6(b)).
ahv=A(hv - Eg)"? )

The CoFe,0s@CuO@Ag;V0Os composite has better
photocatalytic activity because of its low recombination rate,

high electron/hole pair production rate, and lower band gap
energy [18].

3.1.3 The magnetic properties of photocatalysts

By employing VSM analysis, the magnetic characteristics
of the produced photocatalysts were investigated. See the
magnetic hysteresis curves of the produced photocatalysts in
Figure 7. For the CoFe;O4 sample, the highest magnetization
saturation (MS) value was 39.9 emu/g. When the CoFe;O4
core was coated with copper oxide, the core/shell combination
reduced this value to 38.3 emu/g. After adsorbing AgizVOs4
onto the surface of CoFe;O4@CuO MNCs, the MS value
dropped to 33.7 emu/g. The outcome is due to a drop in the
CoFe;O4 weight ratio [6]. Because the produced
photocatalysts are magnetic, separating them after treatment
by applying an external magnet is simple.

4 CoFe204@Cu0
+ CoFe204@CuO@Ag3v04

W CoFe204

r T T T T T T |
-20000  -15000  -10000 -5000 5000 10000 15000 20000

Magnetizatiom(emu/g)

Applied field(Oe)

Figure 7. Magnetic hysteresis curves of synthesized
photocatalysts

3.1.4 Morphology analysis

The optical characteristics of the produced photocatalysts
were examined using (FE-SEM). The (SEM) of CoFe;Os,
shown in Figure 8(a), shows a fractured structure with
microsphere clusters 200400 nm diameter. The grain
diameters of these nanoparticles vary between fourteen and
forty-seven nanometers. The tiny quantity of aggregation seen
was generated by the magnetic characteristics and instability
of the CoFe;O; NPs [4]. Figure 8(b) shows that the
CoFe,O4@Cuo picture revealed a nanoparticle structure free
of aggregates. Copper oxide coating CoFe,O4 NPs reduces
their instability and magnetic saturation value, which may
explain the result.

By looking at the changes in cluster and particle sizes after
adding Agsvoa, as shown in Figure 8(c), the CoFe,O4@CuO@
Agsvos was successfully formed. The TEM image of the
Ag3vo4 sample doped with CoFe;O4@CuO is displayed in
Figure 8(d). Dark and coarse, magnetite's iron oxide core is a
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fascinating mineral. The surface of the CoFe.Os NPs is
covered with a gray CuO shell around 20-30 nm thick. Surface
images of AgzVOjs shells with a thickness of about (15-20) nm
are shown by CoFexO04@CuO MNCs.
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Figure 8. The FESEM for (a) CoFe;04, (b) CoFe04@CuO,
(c) CoFe 04@CuO@Ag3VOs, and (d) TEM image for
CoFe,04@CuO@AgzVO4 composites



Figure 9 displays the outcomes of determining the particular
area of surface and total pore volume of MNCs by utilizing the
BET analysis and "N2 adsorption/desorption” isotherms. The
CoFe:04@CuO@Ag3;VO4 MNCs exhibited a specific surface
area of 72.5 m?/g and a total pore volume of 0.44 cm3. Based
on the data, this multinational corporation can provide an
adequate number of active sites for photocatalytic removal.
Using the BJH method, the typical pore size of MNCs was
determined. A larger pore size value of 24.4 nm identifies the
CuO mesopore structure. All of the results lined up with study
[19].
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Figure 9. The adsorptions-desorption and pore size for (a)

CoFe;04, (b) CoFe04@CuO, and (c)
CoFe,04@CuO@AgzVO4 nanocomposites

1842

3.2 Effect of operating conditions

3.2.1 Effect of catalyst loading

The degradation rate and photocatalytic reaction are
significantly affected by the amount of photocatalyst that is
used. Figure 10 displays the results of an experiment that
investigated the effects of different loadings (0.5, 1, and 2) g/L
of CoFe,04@CuO@Ag3VO;, on the photo-oxidation of MB at
a level of ten milligrams per liter and pH of 7 were tested. The
photodegradation efficiency increased from 91.1% to 97.7%
when 0.5g and 1g of photocatalyst were used, respectively,
and it decreased with increasing the photocatalyst dosage to 2g
and 3g. Although there were more active sites and reactive
radicals created, these data showed that increasing the loading
to 2g/L and 3g/L helped inhibit the photo-reaction. However,
this might trap MB molecules and drive the degrading reaction
[20]. The reactor's capacity to absorb light is constrained by
turbidity and aggregation effects. Therefore, the optimal
concentration for MB oxidation was determined to be 1g/L of
CoFe;04@CuO@Ag;VOs,.
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——0.5g/L

=28 1 —=—1g/L
0.7 §
0.6
0.5

0.4

2g/L

3g/L

C/Co

0.3
0.2

0.1

o ~-———= B
-15 0 15 30 45 60 90
Time (min)

-60 -45 -30 105

Figure 10. The influence of photocatalyst loading with
operating conditions of C, = 10ppm, H>O, = 0.1M, and PH =
7

3.2.2 The effect of MB concentration

The degradation of MB concentrations (10, 30, and 50
mg/L) over CoFe;04@CuO@Ag3VO,4 (1 g/L, pH = 7, and
H>O0, = 0.1M) under xenon illumination was studied to
determine the effect of pollutant concentrations on MB photo-
destruction. In Figure 11, it can be noticed that the removal
efficiency was considerably reduced when the initial MB dye
concentration was raised from 10 to 30 ppm and from 30 to 50
ppm while maintaining the same dosage of photocatalyst. This
happens because higher concentrations of MB dye cause less
visible light to diffuse through the solution. Because of the
overload on active sites, less ROS would be created [21].

~—+—10 ppm
~#—30 ppm

50 ppm

C/Co

-60 -45 -30 -15 0

15
Time(min)

30 45 60 75 90 105

Figure 11. The influence of MB concentration on the
degradation efficiency with operating conditions of dosage =
1g/L, HO>=0.1M, and pH=7



3.2.3 The addition of H,O»

0.05M and 0.1M were used to study the effect of H»O,
concentration on MB dye degradation efficiency with the
operating conditions of (C, = 10ppm, photocatalyst dosage =
1g/L, and pH = 7). Only 50.3% of MB dye was removed from
the solution when H,O, was not used after 90 minutes of
visible light irradiation. In comparison, the degradation
efficiency reached 76.4% when 0.05M of H,O, was used
within the same period. It increased furthermore until it
reached 97.1% when the concentration of H>O, increased to
0.1M (as shown in Figure 12). This is due to the ability of H,O,
to trap the electrons and create two hydroxyl radicals (H,O, —
2°0H) as well as it is sufficient oxidant to directly degrade the
dye pollutant through the suspension of photocatalyst/MB
with H>O, [22]. Thereby, the high amount of hydroxyl radicals
will accelerate the photocatalytic degradation of MB dye.

" X

—+— without H202
—m— (0.05M) H202

(0.1M) H202

C/Co

90

60

-60 -45 -30 -15 0 15

Time(min)

30 45 75 105

Figure 12. The effect of H,O, concentration on the
degradation efficiency of MB with operating conditions of
(dosage = 1g/L, C, = 10ppm, and pH =7)

3.2.4 The effect of pH
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Figure 13. (a) The effect of pH solution on the photocatalytic
degradation activity of MB dye, (b) The point of zero charge
(PZC) for CoFe;04@CuO@Ag3VO,
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The solution's pH is one of the most important variables
affecting the photocatalytic degradation effectiveness. It is
tested in a controlled setting using 10 ppm MB dye, 1 g/L
photocatalyst, and 0.1M H,O; over a pH range of 2, 5, 7, and
11. Figure 13(a) shows that at pH=11, the degradation
efficiency was 99.7%, and at pH=7, it decreased to 97.1%. At
low pH values (2 and 5), 64% and 77.9% of the pollutants were
eliminated after 90 minutes of VL irradiation, respectively. In
theory, when the pH of a solution is low, the surface of the
photocatalyst will have a net positive charge, and when the pH
is high, the surface will have a negative charge. Using the salt-
added approach [23], the photocatalysts' point of zero charge
(PZC) was found to be 8.25, as illustrated in Figure 13(b). At
pH values higher than 8.25, a cationic dye known as MB dye
has an enhanced adsorption rate on catalyst surfaces [24, 25].
More hydroxide ions (OH) are formed at higher pH levels,
which speeds up the breakdown of MB dye. These ions can
react with holes to produce hydroxyl radicals [26].

4. REUSABILITY AND STABILITY STUDIES

By exposing the nanocomposite to visible light for five
consecutive deterioration cycles culminating in MB, it can
examine its durability and reusability. Following each run, the
MB dye solution was filtered to remove the utilized
photocatalyst, which was then washed several times with
ethanol and distilled water and separated by using a magnetic
medium. With each running cycle, the removal efficiency of
CoFe;04@CuO@Ag3VO, decreased due to the catalyst mass
being lowered during washing and magnetic separation after
each running cycle (Figure 14); the photocatalyst's adsorption
capability may diminish due to the accumulation of
irreversible adsorbate, which is MB dye that cannot be fully
eliminated by washing with ethanol [15]. Even if the
photocatalytic degradation efficiency drops after five runs, the
material is still useful due to its removal efficiency of around
78%.

CoFe204@CuO@Ag3Vv0o4

80
70
60
a0
30
20
10
0 - - T T
1 2 3 4 5

Cycle Number

Photocatalytic Removal
Efficiency(%)

Figure 14. Reusability and stability studies of synthesized
photocatalysts for five running cycles at MB dye
concentration = 10 ppm, photocatalyst dosage =1 g/L,
running time = 90 min, and pH =7

5. SCAVENGER EXPERIMENTS

To find out how each reactive species ('OH, "O,", H,O», ¢7,
h*) contributes to the visible light photodegradation of MB
dye, a set of scavenging experiments were carried out using a
CoFe;04@CuO@Ag3VOs photocatalyst. The compounds
utilized for collecting h*, e, H,0,, ‘O,—, and ‘OH were



"Sodium oxalate, potassium dichromate, Fe(II)-EDTA, P-
benzoquinone, and isopropanol”. The degradation activity of
MB dye was significantly reduced by sodium oxalate and "Fe
(IN-EDTA," suggesting that h™ and H,O, are the primary
oxidants involved in photodegradation (Figure 15). An
additional setback is that isopropanol has a high removal
efficiency (about 90%) following addition, further ruling out
the idea that "OH is connected to photocatalytic degradation.
The influence of "reactive species in photocatalytic activity
can be ordered from higher to lower values: HyO, > h* > ¢ >
‘Oz~ > "OH. The results show that the bare materials (CuO,
Ag3VOs, and CoFe,04) migrate VB electrons to the CB as part
of the photocatalytic mechanism using the photon energy from
xenon light (Figure 16). Additionally, it was discovered that
pure CoFe;O4has (Eg) of 2.7 eV, CuO has an Eg of 1.4 ¢V,
and Ag3zVO, has an Eg of 2.2 eV. With the use of Egs. (3)-(5)
[12], the Evg and Ecg values can be roughly calculated.
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Figure 15. The photocatalytic degradation activity of
CoFex04@CuO@Ag3VO,4 against MB dye in the presence of
different scavengers (photocatalyst dosage = 1 g/L, MB dye
initial concentration = 10 ppm, initial pH = 7, running time =
90 min and H,O; concentration = 0.1 M)
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Figure 16. The mechanisms of M.B dye degradation by CoFe,O4s@CuO@Ag3;VO4

EVB =X- Ee + OSEg (3)
Ece=Evs - Eg (&)
X (AmBnCy = (Xa™ X" X ) (Vms+0 )

E. stands for the free electron energy on the hydrogen scale,
which is 4.5 eV, and (m, n, t) denotes the moles of each
element. The elements in this case are A, B, and C. As an
absolute electronegativity, X is the Pearson value. Eg band gap
energy [27-37]. Because of the discrepancy in potential band
energy, the released electrons can travel from the CuO CB to
the AgzVO4 CB, and the holes in the CuO VB can move to the
Ag3;VO4 VB. After hole production, it either oxidizes MB dye
directly or reacts with adsorbed H,O/OH- ions to produce
hydroxyl radicals (Eq. (8)). Finally, as shown in Eq. (9), the
M.B. dye is oxidized by a combination of oxygen, hydroxyl
radicals, hydrogen peroxide, and holes, leading to the
production of CO, and H,O, among other byproducts.

CoFer04@CuO@AgzVO4 + hy (visible light) — 6)
COF6204@CUO@Ag3VO4 (CCB—+h’YB+)

ecg + 02 — 'Oy N

H*+ "0, — "00H — "0 (8)

M.B dye + 'O,/ “OH / hyB" — degradation 9)

6. CONCLUSIONS

Thoroughly produced by the hydrothermal method, the
magnetic nanocomposite (CoFe;04@CuO@Ag;V0s) was
characterized by “XRD, DRS, FE-ESM, TEM, BET, and
VSM,” among other methods. The key findings from this
analysis are summarized as follows:

1. The Eg of CoFe,O4 MNC was estimated to be 3.1 eV, and
it reduced to 2.64 when the MNC was coated with CuO and
Ag3VO4.

2. 99.7% of Methylene blue dye was degraded after
treatment with CoFexO4@CuO@AgzVOs4, which boosts its
cost-effectiveness and opens up other applications with low
activity loss.

3. CoFe;04@CuO@Ag3VOs4 has good activity in removing
MB dye from wastewater even after using for several times.

4. Recommendation for future studies that use
CoFe;0:@CuO@Ag3VOs to remove other pollutants
(organic, inorganic, and microorganisms) from wastewater
and investigate the effect of more conditions such as light
intensity, light type, and temperature on the removal efficiency
of this MNC.
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