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Some novel CuO (x)/LayCoFe, 07 (x = 0 —70%) nanocomposites were synthesized using the sol-gel method.
The formation of CuO (x)/La;CoFe; 07 (x = 0 — 70%) nanocomposites was verified via various methods such
as XRD, SEM, TEM, FTIR, UV-VIS, VSM, and photoluminescence. A transmission electron microscope
images show spherical particles such as LayCoFe;O7 and CuO (60%)/LCoFO with average grain sizes of 30
and 20 nm, respectively. VSM images show that the coercivity and saturation magnetization of this sample
are about 137.53 Oe and 95.284 emu/g. The photocatalytic activity of CuO/La,CoFe;O7 (CuO/LCoFO)
nanoparticles was investigated by photodegradation under UV light irradiation and under optimized conditions
of dye concentration (1.5 X 1073 M), pH (= 6), irradiation time (50 min), and catalyst dose (7.0 g/L).
Nanocomposite 60% shows the highest photocatalytic activity compared to pure LCoFO nanocomposite and
other photocatalysts. A non-toxic, cheap, and highly active CuO (60%)/LCoFO nanocomposite photocatalyst

tion and reproduction in any medium, - yya5 proposed to remove Methyl green (MG) and Basic fuchsin (BF) dyes under UV light irradiation.

provided the original work is prop-
erly cited.
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1. Introduction

In recent years, environmental pollution has caused many
problems for people’s health. Textile factories and paper
industries discharge their polluted wastewater into running
water, which causes severe water pollution. The removal
of toxic chemicals from an ecological and physiological
perspective is an important issue in pollution control.

The removal of organic pollutants from the waters is con-
sidered to be of utmost importance since they are carcino-
genic and toxic [1-4]. Textile wastewater contains many
substances and pigments that pollute groundwater and sur-
face water [5]. In the textile industry, the resulting effluent
contains many colored compounds, such as the toxic com-
pounds of Azomi dyes, which cause health problems and
risks for the environment. Hence, organic dyes, even in low
concentrations, can threaten the lives of people and the envi-
ronment; therefore, the wastewater of these industries must
be treated. There are various methods to remove dyes from
the effluents of these industries [1, 6]. A suitable method

for wastewater treatment in the presence of semiconductor
materials is photocatalytic activity, and this is a practical
method for the treatment of organic pollutants Therefore,
according to recent research, photocatalytic decomposition
is very effective in water and wastewater treatment tech-
nology [7, 8]. A number of semiconductor photocatalysts
such as metal oxides TiO,, WO3, SnO,, CeO,, ZnO, Bi, 03,
photocatalysts based on Ag, Nb,O5 were used to remove or-
ganic pollutants using UV light sources [9]. Semiconductor
photocatalysts such as titanium dioxide (TiO;) have been
used in the photocatalytic degradation of organic pollutants
due to their characteristics such as high effectiveness, sta-
bility, cost-effectiveness, and non-toxicity [10—12]. In this
reaction, a semiconductor material is irradiated with suit-
able photons, usually in the UV and visible regions of light,
and the electron and hole (e /h™) pairs can be induced in
the conduction band (CB) and valence band (VB) of the
semiconductor, respectively. The e~ /h* pairs can partici-
pate in the degradation of the target pollutant in both direct
and indirect ways. The photo-induced electrons are strong
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reducing agents that can reduce the pollutant through the
following processes. On the other hand, photogenerated
holes are strong oxidizing agents that can directly attack or-
ganic pollutants and oxidize them to initiate the degradation
process. In the indirect method, photo-induced electrons
can reduce dissolved oxygen to produce highly reactive su-
peroxide radicals.

In contrast, light-induced holes can attack water molecules
or hydroxyl anions to produce hydroxyl radicals, which are
strong oxidizing agents. These powerful radicals can effec-
tively attack organic molecules and break them down into
smaller intermediates. Ultimately, water, carbon dioxide,
and other inorganic species are produced [13]. However,
due to some problems such as rapid recombination of elec-
trons and holes produced by photo and low efficiency for
using solar light, the use of TiO; has decreased. LCoFO
is one of the main materials of perovskite, it is used for
many applications such as catalysts and magnetic materials.
Recently, due to its good photocatalytic performance, it has
been used in the decomposition of industrial dyes MV, MG,
and EBT [14].To increase the photocatalytic performance
of perovskite, methods such as metal and non-metal dop-
ing, increasing the surface by creating pores, and coupling
with some semiconducting metal oxides are used [15-18].
The coupling method is more efficient than all these tech-
niques, and there are examples of this coupling, such as the
Ag3P0O4-LaFeO3 and Bi;03/BaTiO3 perovskite composites,
which had better photocatalytic activity (PCA) than their
isolated compounds [19]. Considering the special proper-
ties of copper oxide, such as semiconducting, non-toxic,
and not rare, it is an available and inexpensive oxide that
has received attention [20].

In the present work, CuO (x)/LCoFO nanocomposites (x
= 0—70%) were synthesized and identified by different
structural and morphological methods, and their PCA was
investigated under UV radiation, and among these samples,
CuO (60%)/LCoFO has the highest PCA. Therefore, in
this project, new inexpensive, strong, and magnetic pho-
tocatalysts were synthesized that can easily destroy pollu-
tants under UV light. Eventually, the nanocomposite CuO
(60%)/LCoFO non-toxic, cheap, very powerful, and stable
photocatalyst is proposed as an effective photocatalyst for
wastewater treatment.

2. Experimental

2.1 Required chemicals and equipment

LaC]3. 7H20, Fe (NO3)3. 9H20, Co (NO3)2. 6H20, CuClz.
6H,0, CgH 60, NaOH were bought from Merck Company.
A Philips X-ray diffract meter with Ni-filtered CuKa ra-
diation was employed for the study of Structural proper-
ties. TESCAN MIRA3 field emission scanning electron
microscopy (FE-SEM) investigate the morphology of the
generated NPs. Chemical bonds were analyzed by transmis-
sion infrared spectroscopy, using a Perkin Elmer 100 series
spectrometer (FTIR). The ultraviolet-visible (UV-Vis) spec-
trum of the samples was studied by a Shimadzu UV-2450
spectrophotometer. TEM (Transmission electron micro-
scope) images were taken by TEM (Zeiss—EM10C—100
kV). An alternating gradient force magnetometer (AGFM)
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device, made by Meghnatis Daghigh Kavir Co. (Kashan,
Iran.) was used for the examination of room temperature
magnetic properties in an applied magnetic field sweeping
between +10,000 Oe. A Perkin-ElmerLs55 photolumines-
cence spectrometer (PL) is employed to study the electrical,
photoelectrical and optical attributes of nanocatalyst.

2.2 Synthesis of CuO/LCoFO nanocatalyst

New photocatalysts from nanocomposites CuO (x)/LCoFO
(x = 0 —"70%) were synthesized by the sol-gel method. To
prepare nanocomposites CuO (x)/LCoFO (x = 0—70%),
stoichiometric values of LCoFO and CuO [21] were mixed
together in a mortar for 30 minutes. Next, 80 mL of boil-
ing distilled water was added to the prepared powder, and
the prepared solution was ultrasonicated for one hour to
make it uniform. The prepared solution was stirred at room
temperature for 24 hours. Next, the obtained solution was
heated for 12 hours at a temperature of 80 degrees Celsius
to evaporate. Next, the prepared product was dried in the
oven at a temperature of 80 °C for 8 hours. To produce
CuO (x)/LCoFO composite, we calcined the powder for
four hours at 400 °C.

2.3 Photocatalytic experiment

In this study, a certain amount of nanocatalyst (10 mg) was
poured into 5 mL of MG and BF aqueous solutions (1073
M) under magnetic stirring and dispersed separately. The
suspension was exposed to UV radiation for 30 minutes.
During the period of light irradiation, the effect of some
parameters, such as solution pH, concentration of dyes, pho-
tocatalyst dose, irradiation time, and the percentage of CuO
in the catalyst, was studied and optimized. Finally, reac-
tion mixtures were centrifuged and filtered, and the residual
concentrations of MG and BF were measured by UV-Vis
spectrophotometer. Figure 1 shows the absorption of MG
and BF residue by different doses of CuO (60%)/LCoFO
nanocomposite.

3. Results and discussion

3.1 Nanocomposite characterization

The XRD pattern of pure LCoFO and CuO nanoparticles
shown in figure 2 also shows CuO (x)LCoFO (x = 40,
60, 70)composites with different CuO content. The XRD
pattern of La,CoFe,;O7 nanocomposite shows that it cor-
responds to the combination of CoFe;O4 and the standard
(01-1121) and the diffraction with the highest intensity
at 20 = 35.5, and the combination of La;O3 and the stan-
dard (22-0641) with monoclinic symmetry and diffraction
with The maximum intensity at 20 = 26.13 corresponds
perfectly. The structure of CuO conforms to the JCPDS
pattern No. 05-0661. With the increase of CuO amount in
the nanocomposites, peaks (shown by stars) appear in the
XRD patterns and their intensity increases. It is deduced
from this data formation that CuO/LCoFO composite. The
average crystallite size of CuO, LcoFO, and the synthesized
nanocomposites was obtained by the Williamson-Hall rela-
tionship and the Scherrer relationship. The Williamson-Hall
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Figure 1. UV-Vis absorption spectra of FB (up) and MG (down) with (a)

0.0, (b) 1, (c) 3, and (d) 7 g/L CuO/La;CoFe; 07 (CuO/LCoFO) nanoparti-
cles.

relationship is shown in equation (1)

. KA
Brotai €08 8 = Cew—pg sin 0 + D

ey
W-H

where Dw_p is the grain size determined from the
Williamson-Hall diagram, K represents the shape factor,
which has an approximate value of 0.9, A is the wavelength
of the X-ray source set in XRD, which is 0.154 nm. Com-
paring this equation with the standard equation for a straight
line (y = mx+ ¢), we see that by plotting By cos 6 versus
sin 6, the strain component is obtained from the slope (C¢)
and the size component from the relationship KA /Dw_g
[22]. The mean crystallite sizes for CuO, LCoFO, CuO
(40%)/LcoFO, CuO (60%)/LcoFO, and CuO (70%)/LcoFO
nanocomposites were found to be 96.25, 20, 49.65, 20.8,
and 64.16 nm, respectively.

Intensity (a.u)

CuO

20 30 40 50 60 70 80
26(Degree)

Figure 2. The XRD patterns of LCoFO, CuO and CuO (x)/LCoFO (x =
40, 60 and 70%) nanocomposites with various CuO content.
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The Debye-Scherrer relationship is shown in equation (2)
__Xx
~ Bcosh

D denotes the average grain size, and K denotes the shape
factor, which has a value of approximately. 0.9, k means the
wavelength of the X-ray source set in XRD, which is 0.154
nm, and b denotes the width of the peak of the diffraction at
half maximum (FWHM) for the diffraction angle 20 [23].
The mean crystallite sizes for CuO, LCoFO, CuO
(40%)/LcoFO, CuO (60%)/LcoFO and CuO (70%)/LcoFO
nanocomposites were found to be 94, 21.3, 40.72, 23 and
62.35 nm respectively.

The morphology and the particle size of the CuO (x)/LCoFO
nanocomposites (x = 40, 60, and 70%) have been studied
by SEM, and results are shown in figures 3 (a)- 3 (c), re-
spectively.

CuO (60%)/LCoFO nanocomposite, compared to other
nanocomposites with different CuO, the nanoparticles were
linked to each other to create pores. Hence, the specific
surface area (SSA) of the CuO (60%)/LCoFO nanocom-
posite is expected to increase with the increase of pores
and the accumulation of particles [24, 25]. Moreover, we
could predict that due to the lower accumulation of particles
in CuO (40%)/LCoFO in comparison with CuO (60%)/L-
CoFO, there will be a decrease in the specific surface and
surface pores. In addition, because of the greater accumula-
tion of particles within the composites of CuO (x)/LCoFO
with greater CuO content, 70% of the surface pores and
their SSA are reduced. As a result, the PCA of the CuO
(60%)/LCoFO composite was greater than the PCA of the
other CuO (x)/LCoFO composites with 40, 70% CuO.

The morphologies of the LCoFO nanoparticles and CuO
(60%)/LCoFO composite were studied using TEM images.
These images show spherical particles like LCoFO and CuO
(60%)/LCoFO. With an average grain size of 30 and 20 nm,
respectively.

Figures 3 (e) and 3 (d) show that the irregular nanoparti-
cles are formed by the aggregation of very small spheres.
Nanoparticles with a higher density degree in the case of
pure LCoFO compared to its CuO (60%)/LCoFO, which is
identical due to the greater monodispersity of LCoFO.
Figure 4 (a) shows the FT-IR spectrum of LCoFO, CuO,
and three CuO (x)/LCoFO (x = 40, 60, and 70%) nanocom-
posites, which contain varying amounts of CuO. In the
spectrum of LCoFO, the peak at 570 cm™! was related to
the stretching vibration (SV) of Fe—O and the peak at around
420 was related to the bending vibration of O-Fe—O and
[26]. As shown in the spectra, when there is an increase in
the amount of CuO in the CuO (x)/LCoFO nanocomposites,
there is a decrease in the peak intensity of Fe—O. The peaks
at approxmately 1500 cm~! were related to the existence of
CO%‘ achieved in the spectrum while preparing the FT-IR
spectra in the air, whereas the peak at 2360 cm~! demon-
strates the SV and the bending vibration of the C=0 bond
of the O, adhered from the air [27, 28]. In the spectrum
of CuO, the bands at 590, 526 cm~! were indicative of the
vibrational mode of Cu—O related to the SV band of the
Fe—O in the CuO (x)/LCoFO composites [29].

In figure 4 (b), the curves exhibited broader absorption
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Figure 3. The (a-c) SEM micrographs for the CuO (x)/LCoFO (x = 40, 60, and 70%) composites. The TEM images of (d) LCoFO and (e) CuO

(60%)/LCoFO composite.

bands in the U/V regions, indicating the capability of the
CuO (x)/LCoFO (x = 40, 60, and 70%) in adsorbing a
substantial amount of U/V light. Because CuO (x)/LCoFO
(x = 40, 60, and 70%) nanocomposites show a stronger
absorption peak than LCoFO and pure CuO, they should
show higher photocatalytic activities.

Figure 5 (a) shows the magnetic properties of CuO (60%)/L-
CoFO nanocomposite photocatalyst. The coercion and satu-
ration magnetization of this sample are about 137.53 Oe and

95.284 emu/g. The simultaneous presence of two ferromag-
netic and paramagnetic properties in composite materials
has been reported many times [30]. Based on published
articles, ferromagnetic behavior can be attributed to the
LCoFO sample and paramagnetic behavior to the CuO sam-
ple [31, 32].

Furthermore, when the CuO content in the composite in-
creases, the Para magnetism property also increases grad-
ually. Coexistence of ferromagnetism and paramagnetism
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Figure 4. (a) FT-IR spectra of LCoFO, CuO and CuO (x)/LCoFO (x =
40, 60 and 70%) composites with different CuO contents. (b) The UV-Vis
absorption CuO (x)/LCoFO (x = 40, 60and 100%) composites.

has been observed in some samples [30]. As the external
magnetic field (H) increases, the sample behaves linearly
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Figure 5. (a) Magnetization data of nanocomposite CuO (60%)/LCoFO
and (b) simulated PM and b FM are shown for CuO (60%)/LCoFO.
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(at fields higher than 5000 Oe). Therefore, the ferromag-
netic sample does not enter the magnetic saturation state.
But more carefully, we realize that this behavior is due to
the nature of the presence of two samples with different
magnetic properties in the composite sample: The LCoFO
sample with ferromagnetic properties and the CuO sample
with paramagnetic properties. For a quantitative and more
detailed investigation, it is necessary to separate the mag-
netic contribution of these two materials from each other,
and this can be seen in the figure 5 (b). on the other hand
with increasing temperature, the magnetic susceptibility of
diamagnetic minerals remains constant whereas that of para-
magnetic minerals decreases according to the Curie-Weiss
law The magnetic susceptibility of ferromagnetic miner-
als (in the broad sense) displays more complex variations.
In a field of strength similar to the Earth’s field, the ferro-
magnetic susceptibility increases gradually with increasing
temperature up to the Curie temperature (Tc), and then it
decreases abruptly [33].

To study the electrical, photoelectrical, and optical attributes
of semiconducting nano-materials are used by pl spec-
troscopy. In figure 6, the PL spectrum of CuO (x)/LCoFO
nanocomposites (x = 40, 60, and shows 70% with different
amounts of CuO. Nanocomposites of CuO (x)/LCoFO (x
= 40, 60, and 70%) show peaks in the wavelength range
of 300 to 587 nm and have a sharp peak at about 587 nm.
PL signals mostly because of the electronic transition from
the conduction band to the valence band [34]. It goes with-
out saying that when the PL peak is intense, the charge
recombination rate is fast, and when the peak is broad, the
electron-hole pairs will be separated more easily. As a re-
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. ®)
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=
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=
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2 e Cu0,E g=1.35ev
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Figure 6. The (a) PL spectra of CuO (x)/LCoFO (x = 40, 60 and 100%)
nanocomposites (b) the (athv)? versus hv plots derived from the UV-Vis
DRS spectra of pure LaFeO3, CuO and three CuO (x)/LaFeOs (x = 40,
60, 70 and 70%) composites.
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sult, the PL spectrum of the nanocomposite with 60% CuO
shows the lowest PL intensity; therefore, the PCA of the
sample is expected to increase by the highest separation of
efficient electron-hole pairs.

Figure 6 (b) shows the plot of (ahv)? versus hv derived
from the UV-Vis DRS spectra of pure LaFeO3, CuO, and
four CuO (x)/LaFeOs (x = 40, 50, 60 and 70%) composites
which synthesized with different CuO contents The band
gap energy can be determined by Eq. (3).

ahv = A(hv —Eg)? 3)

For direct electron transfer, where A, Eg, and hv are con-
stants, the direct band gap energy and the incident photon
energy, respectively. The band gap energy was estimated
from the plot of (athv)? versus hv by extrapolating the lin-
ear part (athv)? to zero. As shown in Fig. 4 (b), the optical
band gaps of LCoFO and CuO are about 2.8 and 1.35 eV,
respectively, which is close to what has been reported in the
literature [35, 36].

3.2 Photocatalytic degradation study
3.2.1 Impact of CuO contents

The photocatalytic experiments are performed with an ini-
tial concentration of dye of 1.5 mg/L. Composites (x =
0 —70%) and their PCA are compared. (figure 7 (a)). In
this experiment, it can be seen that nanocomposites whose
CuO content is less than 60% increase their photocatalytic

Khammarnia & Hassani

activities. And in samples whose content is more than 60%,
their PCA decreases. In explaining the cause of this case, it
can be said that in nanocomposites with CuO above 60%,
CuO particles are placed on the active sites in LCoFO, and
this makes the PCA lower. The composites with a copper
weight ratio to La 60:40 have the greatest decolorization
efficiency amongst the other nanocomposites, as well as the
ratios of pure LCoFO and pure CuO show. As seen in the
articles [37]. CuO particles show extremely low PCA. CuO
(60%)/LCoFO nanocomposite shows higher photocatalytic
activity than LCoFO and CuO, which is probably due to
the fact that the recombination of photo-generated electrons
and holes in the pristine LCoFO as well as CuO was fast.

3.2.2 Effect of catalytic dosage

To find the optimal amount of the catalyst, experiments
were conducted using different amounts of the optimal CuO
(60%)/LCoFO photocatalyst from 1 to 7 g/L. There is a
linear increase in the photocatalytic efficiency when the
catalyst is loaded up to 7 g/L, and finally decreases and as
shown in figure 7 (b). This behavior has been observed in
other photocatalysts such as TiO;, ZnO, FeLL.aO3, FeNdO3,
and LaCoFeOs. LayMnFe,07 and La;CuFe,O7 [38—41].
When the photocatalyst active sites increase, the amounts
of absorbed photons and the number of dye molecules in-
crease, which improves the dye removal. On the other hand,
with an increase in the amount of photocatalyst (more than
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Figure 7. The Effects of (a) amount CuO, (b) catalyst dose, (c) pH, (d) dye concentration, (e) irradiation time on photodegradation of MG and FB by CuO

(60%)/LCoFO nanocomposite and (e) photocatalysts .
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7 g/L), probably due to condensation, the penetration of the
irradiated light decreases and the scattering of the radiation
increases, as a result, the active molecules become inac-
tive and ultimately leads to a decrease in the decolorization
efficiency [42]. Therefore, the optimal amount of photocat-
alysts was determined to be 7 g/L to increase the efficiency
of the dye decomposition.

3.2.3 pH impact

Figure 7 (c) shows the impact of pH on the dye degradation
efficiency. In investigating the effect of pH on color re-
moval, the pH effect of 2.0 to 9.0 using CuO (60%)/LCoFO
nanocomposite photocatalyst 7 g/L. was investigated. In
acidic and alkaline areas, the lowest color decomposition is
observed, and in the neutral and slightly acidic range with
pH (= 6), the highest efficiency of color decomposition
is observed. Based on the zeta potential data, the charge
level of the CuO (60%)/LCoFO composite was negative in
alkaline pH and positive in acidic pH. The increase in the
positive charge on the photocatalyst surface at very acidic
pH results in the electrostatic repulsion between the cationic
of MG and BF dye and the nano-photocatalyst, which re-
duces degradation also, at high pH, the active sites on the
surface of the nanocatalyst and the color degradation are
reduced when the adhesion of MG and BF is strong [43].
The findings obtained agree well with the zeta potential
data.

3.2.4 Impact of the initial dye concentrations

Experiments were conducted to investigate the effect of the
initial concentration of dye on the speed of dye removal.
In these experiments, the initial concentration of dye was
from 1.5 to 6 mg/L, and the amount of constant catalyst was

104 (@)
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7 g/L, as shown in Fig. 7 (d). The rate of decolorization
decreases with the increase of the initial concentration of the
dye. This result is consistent with the studies of Napoleon
and his colleagues [42]. In the process of dye degradation,
one of the important species is OH radicals, which probably
affects the rate of dye degradation. When the dye covers the
active sites on the CuO (60%)/LCoFO nanocatalyst, there
is a decrease in the number of photons and molecules that
the nanocatalyst adsorbs. When the dye concentration is
low, OH radicals at level CuO (60%)/LCoFO is formed, as
a result of which OH radicals attack the dye molecules and
absorb them. and as a result, the dye removal increases.
However, at a high concentration of dye molecules, because
the surface of the solution is covered by these molecules,
as a result, the dye molecules adsorb most of the radiation,
and the efficiency of dye decomposition decreases [49, 50].

3.2.5 Effect of irradiation time

Effect of irradiation time on photodegradation of MG and
BF by CuO (x)/LCoFO nanoparticles and (7 g/L). The ab-
sorbers are shown in figure 7 (d). With the increase in
Irradiation time up to 50 minutes, the photodegradation
speed increased on nanoparticles. The biggest The amount
of absorption occurred at 50 min and thereafter, further in-
crease in time has no significant effect on photodeagration,
occupied areas begin to repel absorbing molecules in the
solution phase at the end times and in the case of adsorption
of molecules, the available driving forces are weakened
to reach the vacant surface areas, thus the absorption de-
creases [51]. Furthermore, the kinetics study, figure 8 (a),
as inferred from the plot of In(C/Cp) against time, demon-
strates a rise in degradation over time, shown in figure 8 (a,
b). This observation suggests the presence of a first-order

o T=0°C g. 0021 o)

Time (min)

-3.9
3.8
¥|=-1.9203x+3.0786
-3.7 A
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In K

-3.5 A

3.4 4

*

-3.3

-32

©)

32 33 34 35

3.6
UT*103¢

3.7

Figure 8. Plot of C/Cy and —1In(C/Cy) for de colorization of MG dye of the prepared sample. (c) Arrhenius plot for the determination of Ea of

degradation of MG dye at CuO(60%)/LcoFO.
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degradation mechanism shown in Eq. (4)

In(<) = K )

Go
Comparison of the MG dye degradation rate constant at
different pH shows that dye degradation at pH = 6 has
the highest rate constant. The activation energy of MG
degradation can be obtained using the linear form of the
Arrhenius equation (5).

Ea
Ink=1nA—(— 5
nk=InA— ;) 5)
The Arrhenius diagram of Ink was drawn in terms of 1/T
and displayed in figure 8 (c). According to the curve slope,
the activation energy of the MG photodegradation was es-
timated at 16 kJ/mol, which corresponds to the references

[52].

3.3 Photodegradation mechanism

The process of the CuO/LCoFO photocatalytic reaction
mechanism is shown in figure 9. As a result of UV light
radiation, electron-hole pairs are created in the CuO/LCoFO
nanoparticles (Eq. (1)). From the reaction of the hole cre-
ated in VB with H,O, the free radical *OH is formed. This
generated *OH radical acts as a strong oxidizer and reacts
with organic dye molecules adsorbed around the CuO/L-
CoFO nanophotocatalyst surface and oxidizes them, On the
other hand, the electrons present in CB react with O,, and
in this reaction, superoxide radicals (*O;) are produced.
Superoxide radicals react with H" that are formed during
the reaction. Protonated hydroproxyl radical (*HO5 ), and
finally hydroxyl radical (*OH) is produced. *OH radicals
react with dye molecules and create stable products. The
reactions of this process are mentioned in Egs. 2-9 [53].
PCA of CuO (60%)/LCoFO nanocomposite for degradation
of organic dyes Methyl green and fuchsin, compared to sev-
eral recent papers, are given in Table 1. CuO (60%)/LCoFO

Khammarnia & Hassani

CuQ/LCoFO

UV-Radiation

& +0,~ 0]
0] +H™—HOO »
HOO=— 0y + Hy0;
H,0,—~ 2+0H

b + H,0H" +-0H
Zh* + 2H,0—~2H" + H;0,
Hp0,— 2+0H

MG and BF

Figure 9. The photocatalytic mechanism of MG and BF on the CuO
(60%)/LCoFO UV-light irradiation.

Nanocomposite has a good performance in the decomposi-
tion of organic dyes under UV light irradiation [9, 44—47].
The effect of CoFe;04, La; O3, and CuO on color change
was investigated, and the results were compared with those
obtained from the synthesized composite in Table 2 [9, 48].

CuO/LCoFO + hv — LaFeO3/CuO (e~ +h*) (1)

h* + H,0 — H* + OH® )
2h™ + 2H,0 — 2H' + H,0, 3)
H,O, — 20H* “4)

Table 1. Degradation Performance Comparison of various catalysts photocatalyst for degradation of MG and BF.

No. Catalysts Target Irradiation time (min)  Degration (%) Ref.
1 La,CoFe, 0O Malachite green 60 94 [14]
2 Fe304/S10,/TiO, Malachite green 150 100 [44]
3 Ce-B/TiO, Malachite green 120 90 [45]
4 GO/ZnO Basic Fushin 300 92.5 [46]
5 Fe;04 Basic Fushin 135 60 [46]
6  CuO/LayCoFey0; M;t:syilcgliizﬁiind 50 9932"(734}; This work

Table 2. Degradation Performance Comparison of CuO, CoFe,04, Lay 03, and LCoFO on dye degradation.

Irradiation time (min)

Degration (%) Ref.

No. Catalysts Target
1 La;CoFe, 07 Malachite green
2 CuO Rhodamine B
3 Lay;03/Ag3VOy Rhodamine B
4 CuO/LayCoFe, 05 Methyl green and

Basic Fushin

60 94 [14]

120 91 [47]

90 90 [43]
99% MV, .

50 98.8% BF This work
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e +0, =05 (5
05~ + H" — HOO* (6)
HOO*® — O, + H,0, ™
H,0, — 20H°* ®)
Dye 4+ OH®* — H,0 + CO, + Residues )

4. Conclusion

The simple sol-gel method was employed to prepare the
new CuO (x)/LCoFO nanocomposite photocatalysts (x =
0 —70%) and the PCA of these samples was investigated
using organic dye.

Results show the CuO (60%)/LCoFO nanocomposite
photocatalyst has the highest PCA for color removal. This
is due to the electron-hole separation caused by the electric
field at the interface of these semiconductors, and it can
also be because of the overlapping of the valence band and
conductivity of the LCoFO and CuO surfaces. Because it

increases the separation efficiency of the produced light.

Therefore, it is concluded that the synthesized photocatalyst
has special characteristics, such as being economical and
non-toxic, and can be used in wastewater treatment.
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