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ABSTRACT

Diazinon which is one of the most widely used toxins and pesticides, is responsible for contam-
inating surface and ground water sources all over the world. This study aims to determine the
photo-catalytic degradation of diazinon using TiO,/ZnO/CuO nanocomposite under solar radia-
tion in aqueous solutions. First, TiO,/ZnO nanoparticles were synthesized, then they were doped
by 0.5%, 1%, and 2% of copper oxide. To characterize nanoparticles, the scanning electron micro-
scope, energy-dispersive X-ray spectroscopy, X-ray diffraction (XRD), Fourier transform infrared
spectroscopy, MAP, and zeta potential analysis were conducted; and also the effects of different
variables such as copper dopant percent, pH, nanoparticles dose, initial concentration of diazinon
and contact time were evaluated on photo-catalytic reaction using one factor at time procedure.
The results showed that the dopant percent of copper oxide was effective for removing diazinon
so that doping of 0.5%, 1%, and 2% of copper oxide had the efficiency of 53%, 71%, and 61%,
respectively, and they were more than uncoated nanoparticles (TiO,/ZnO) in the same condition.
Based on the results, the highest removal rate of diazinon after 120 min of reaction time was 91%
under optimal conditions (pH =7, 1% copper dopant, and 2 g/L nanoparticles). Therefore, it can
be concluded that the photocatalytic process by TiO,/ZnO/CuO nanoparticles could effectively
eliminate diazinon under real conditions.

Keywords: TiO,/ZnO/CuO; photo-catalyst; Diazinon; Thermal nanoparticles synthesis; Aqueous
solution

1. Introduction

Diazinon is an inhaled, digestive, contact, and non-
systemic insecticide from the group of organophos-
phate pesticides. This insecticide is one of the most
widely used poisons to control a wide range of agricul-
tural pests [1]. According to World Health Organization
(WHO), diazinon is one of the relatively dangerous tox-
ins [2,3] that can enter surface and groundwater sources
through the leakage of chemicals, industrial effluent, and
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agricultural runoff [4]. WHO guidelines have announced
that the maximum allowed amount of diazinon in drink-
ing water is 20 ug/L [5]. On the other hand, United States
Environmental Protection Agency (EPA) guidelines have
announced that water supplies that contain 20 pg/L of
diazinon could be used for 10 d, and others that contain
1 mg/L of diazinon could be used for a lifetime without
any health risk. [6,7]. Therefore, due to the low thresh-
old concentration of diazinon, it must remove before
reaching the water sources.
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Various methods like adsorption, coagulation, biodeg-
radation, etc., are applied to remove various water pollut-
ants [4,8-10]. Because of the presence of non-biodegradable
and late-biodegradable compounds in the structure of
pesticides and the inadequate efficiency of the mentioned
methods for removing toxic compounds, it is necessary
to use more efficient methods such as advanced oxida-
tion processes (AOPs) [11-16]. Among the AOPs, the pho-
tocatalytic process has high effectiveness in degrading
resistant compounds into safe and inert compounds [8].
Different nano-catalysts such as TiO,, Fe,O, CuO, Fe,O,,
Si0,, WO,, and rGO are used to perform photocatalytic
processes [17-25]. Meanwhile, TiO, is the most commonly
used photocatalyst that is applied due to its ease of access,
relatively low price, simple laboratory preparation, and
high stability [25]. However, TiO, has disadvantages, such
as a high band gap (3.2 electron-volts) [26], which leads to
low efficiency in visible light and main activity in UV light
[25,27]. So, it is necessary to modify TiO, using the com-
pounds that increase the absorption range of the visible
light region [25]. Zinc oxide (ZnO) with the direct band-
gap of 3.37 eV and exciton binding energy of 60 MW has
received vast attention due to high photocatalytic activity,
low toxicity, low cost, high corrosion resistance in aqueous
solutions [28,29]. The quantum efficiency of ZnO powder
is also very high [30,31]. Due to its high energy gap, mod-
ification of ZnO’s absorption via compounds that could
change the absorption from ultraviolet to visible spectrum
is necessary [32-35]. The best way to improve light absorp-
tion and increase the catalytic activity of TiO, and ZnO
in visible light is using low bandgap semiconductors like
CuO (1.2-1.8 eV), which can absorb a significant portion
of visible light and facilitate the transfer of electrons to the
high bandgap (TiO,) semiconductor. Copper oxide (CuO)
is also an important semiconductor with a photocatalytic
activity that is highly considered due to its unique prop-
erties such as non-toxicity, low cost, ease of synthesis, and
chemical stability [36,37].

The research aims to determine diazinon degradation
from aqueous solution under photocatalytic process unit by
TiO,/ZnO/CuO nanoparticles and solar radiation.

2. Materials and methods
2.1. Materials

The chemical reagents including CuO, TiO,, ZnO, NaOH,
and HCl were all of the analytical grade obtained from Merck
Company, Germany. Diazinon to prepare synthetic waste-
water was purchased from Sigma Company with a purity
of over 98% and used without further purification. The
characteristics and molecular structure of diazinon are pre-
sented in Table 1.

The stock solution of diazinon was prepared by dissolv-
ing 1 g of diazinon in a liter of deionized water, then, sam-
ples with the intended concentration made by diluting the
stock solution.

2.2. Photocatalytic reactor

The reactor used in this study consisted of a 250 mL beaker
along with a light source. To conduct the photocatalytic

process, the solar radiation was used as a light source in July
from 12:00 to 2:00 pm and the intensity of sunlight in this
time was in the range 90,000-85,000 LUX, measured using
a LUX meter. Fig. 1 shows a schematic of the reactor used
in the study.

2.3. Synthesis of TiO,/ZnO/CuO

TiO,/ZnO/CuO nanocomposite was synthesized through
a one-step hydrothermal process. This is a simple yet prac-
tical method for synthesizing nanomaterials. First, 0.05 g of
Zn0O, 1.5 g of TiO,, and then various values of CuO (0.5, 1,
2 weight percentage of TiO,+ZnO) were added to the Teflon
liner. Afterward, 10 mL of HCI solution was added and,
after stirring, the Teflon liner was placed inside the steel
reactor at 120°C for 12 h. Afterward, the liners were emptied
and the produced nanoparticles were rinsed with deion-
ized water several times; it was continued until the pH of
the nanoparticles was neutralized. Then, the nanoparticles
were dried in an oven at 60°C for 24 h [38]. Fig. 2 shows
the used steel autoclave in the synthesis of nanoparticles.

2.4. Photocatalytic tests

In this study, various factor such as copper dopant per-
cent (0.5%, 1% and 2%), pH (3, 5, 7, 9 and 11), nanoparticles
dose (0, 0.5, 1, 2 and 3 g/L), initial concentration of diaz-
inon (10, 25, 50, 75 and 100 mg/L) at the contact times of
20, 40, 60, 80, 100, and 120 min were investigated on pho-
tocatalytic reaction using one factor at time procedure. In
the following, the real wastewater including diazinon was
tested under optimal conditions obtained in the optimiza-
tion process. To perform the tests and to measure the con-
centration of toxin, a VARIAN CP-3800 gas chromatography
instrument with FID detector and CP-Sil8-CB column was
used. The samples were extracted using liquid chloroben-
zene. To determine the photocatalytic process efficiency,
the removal percentage of diazinon was calculated by the
following equation [39]:

Table 1
Chemical structure and characteristics of diazinon

Hs CIC Ha
Structure l\i =N ﬁ CHs
= = )
(j_.__/ 3
Chemical C,H, N,O,PS
formula
Molar mass ~ 304.34 g/mol
Boiling point  Decomposes
Solubility in 40 mg/L
water
pKa 43
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Fig. 1. Schematic representation of the photocatalytic reactor.

Teflon liner

Fig. 2. Autoclave used in synthesis of nanoparticles.

C
R=|1-—-L|x100
Ci

where R is removal efficiency percentage, and C, and C, are
initial concentrations and residual concentrations of dia-
zinon after performing the photocatalytic process (mg/L)
respectively.

Before performing photocatalytic activity, in order to do
pollutant adsorption and desorption activity by nanoparti-
cles, the samples were kept in the dark for 30 min.

@

2.5. Characterization of nanoparticle

To evaluate the properties and characteristics of the
synthesized nanoparticles, various analyses were used.
Hence, to describe the shape and size of the nanoparticles,
a scanning electron microscope (SEM) image (model: Tscan
MIRA3; made in the Czech Republic) was used. In order

Steel reactor

to study the crystal structure and order of the nanopar-
ticle crystal lattice, the X-ray spectroscopy (XRD) technic
(model: Philips PW-1730; made in the Netherlands) was
applied. To study the functional groups of the synthesized
nanoparticles, Fourier transform infrared spectroscopy
(FTIR) technic (model: Thermo AVATAR; made in the USA)
were used, as well as zeta potential of the nanoparticles
was measured to evaluate the surface charge and colloidal
properties of nanoparticles using the ZEN3600 Malvern
made in the United Kingdom.

2.6. Determination of TiO,/ZnO/CuQO pH
zpc

To obtain pH,_  of TiO,/ZnO/CuO, about 5 g of NaCl
was dissolved in 1,000 mL of distilled water. Then, six flasks
were each filled with a 100 ml sample which was taken
from the previous solution. The initial pH of these sam-
ples was maintained to 2, 4, 6, 8, 10, and 12 by the addition
of 0.1 M HCl or 0.1 M NaOH solutions. Next, 0.2 g of the
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synthesized TiO,/ZnO/CuO was added to each flask and the
resultant suspension was shaken at 300 rpm for 48 h. At the
end of this experimental series, the final pH of each sample
was registered and the pH, value shows the intersection
point between the initial and final pH curves.

3. Results and discussion
3.1. Nanoparticle characterization

Fig. 3 shows SEM images of TiO,/ZnO/CuO nanoparti-
cles with 1.5 g of TiO,, 0.05 g of ZnO, and 0.5, 1, and 2 wt.%
of CuO with a magnification of 200 nm compared to TiO,
and ZnO. SEM results suggested the globular and spheri-
cal shape of nanoparticles. In sample A, the particles were
in agglomerated form, but in samples B and C, due to the
increased amount of CuO, the nanoparticles were fully
separated so that any agglomeration wasn’t observed and
the particles were grains. The effect of doping on TiO, and
ZnO led to the grain-coated appearance. In previous stud-
ies, a fine-grained coating has been seen on the doped
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SEM MAG: 200 kx
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MIRAZ TEECAN SEM MAG: 200 kx

surface [40]. According to the images, the particles size was
in the range of 20-130 nm.

To evaluate the presence of elements and their weight
percentages in synthesized nanoparticles, energy-dispersive
X-ray spectroscopy (EDX) technique was used. In Fig. 4,
the EDX spectrum of TiO,/ZnO/CuO (0.5%, 1% and 2%)
nanoparticles are shown. In this spectrum, X-axis shows
the measured energy and Y-axis shows the number of times
that particular energy is detected. According to the appear-
ance of the peaks, the ratio between the intensities (peak
height of elements) expresses the ratio between concentra-
tions. The higher peaks in the spectrum also mean a higher
concentration of the desired elements in the sample. The
results showed that the elements of TiO,/ZnO/CuO (1%)
nanoparticles were O, Ti, Cu, and Zn by weight percent-
ages of 36.01, 61.40, 1.13, and 1.46 respectively. Accordingly,
the synthesis and dopant process was properly done and
the nanoparticle had no impurities [41].

High-resolution scanning transmission electron micros-
copy (HR-STEM) is another important technique that
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Fig. 3. SEM images of nanoparticles (a) TiO,@ZnO@CuO (0.5%), (b) TiO,@ZnO@CuO (1%), and (c) TiO,@ZnO@CuO (2%).
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Fig. 4. Energy-dispersive X-ray spectroscopy of nanoparticles (a) TiO,@ZnO@CuO (0.5%), (b) TiO,@ZnO@CuO (1%), and

(c) TiO,@ZnO@CuO (2%).

allows for direct imaging of the atomic structure of the
material, in fact, it is powerful instrumentation to study
properties of materials on the atomic scale, such as semi-
conductors, metals [54]. HR-STEM mapping can provide
vital information about nanoparticles. In MAP analysis,
elements in an image can be presented based on their fre-
quently distribution. Fig. 5 shows the mapping images of
O, Cu, Zn, and Ti and combines the elements of TiO,, ZnO,
CuO (1%) nanoparticles. The elemental frequency image
showed that these elements were properly distributed in
the particles and any impurities weren’t observed. The fre-
quency of the elements was fully consistent with the syn-
thesized values. The synthesized nanoparticles contained O,
Cu, Zn, and Ti elements. On the other hand, the results of
this analysis were complementary to the EDX technique.
XRD is a tool to study the atomic and molecular struc-
ture of a crystal by creating a crystallographer of material.
In other words, it is provided information on the deter-
mination of phases and structure of crystalline nano-
particles. XRD spectrum of TiO,ZnO-CuO (0.5%, 1% and
2%) is shown in Fig. 6. Given that 1.5 g for TiO, is the max-
imum value in the synthesis of nanoparticles, the results of
index peaks at 20 = 25.6°, 38.1°, and 63° following JCPDS
No: 21-1272 standard, were in agreement with the pres-
ence of anatase phase, TiO, in the nanocomposite structure

[42]. On the other hand, the peak at 20 = 47.8° and 54.5°
are related to the presence of Zn, and the corresponding
peak of CuO was at 20 = 68.8°, 70.9° and 76.6°. All TiO,
peaks were also appeared after adding ZnO and CuO as
dopants; therefore, it did not effect on the crystal structure
of TiO, nanoparticles [43]. In the XRD pattern (Fig. 6b) by
adding Zn and Cu dopant, the anatase phase was affected
in a way that the height of peaks became taller and wider.
The XRD pattern determined that the intensity of peaks
and a partial displacement of peaks could occur when
doping process has increased [44].

Fourier-transform infrared spectroscopy is a technique
used to get an infrared spectrum of absorption or emis-
sion of a solid and corresponding of exiting the functional
group. So, by applying FR-IR technic, the functional groups
of nanoparticles will be identified. The results of FI-IR of
TiO,/ZnO/CuO (0.5%, 1%, and 2%) nanoparticles are shown
in Fig. 7. Based on the FI-IR plot, several weak peaks were
in 3,400 cm™ and 2,900 cm™ regions in TiO, that were related
to vibration tensile bond of O-H and another vibration in
the region of 16,30 cm™ related to flexural vibration bond
of water molecules. In the determined absorption spec-
trum for TiO, nanoparticles, the highest peaks were in
the 680 cm™ regions which corresponded to the flexural
vibration bond of Ti-O.
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Fig. 5. High-resolution scanning transmission electron microscopy (HR-STEM) elemental mapping images TiO,@ZnO@CuO (1%).
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Fig. 7. Fourier transform infrared spectroscopy of nanoparticles (a) TiO,@ZnO@CuO (0.5%), (b) TiO,@ZnO@CuO (1%), and

(¢) TiO,@Zn0@CuO (2%).

Zeta potential is important for examining the colloi-
dal suspension properties. Zeta electrical potential of TiO,/
ZnO/CuO (0.5%, 1%, and 2%) was measured at the optimal
pH (Fig. 8). Hence, the suspension of 0.01 g of nanopar-
ticles was prepared in 5 ml of distilled water and, before
measuring the zeta potential, all the samples were exposed
to ultrasonic waves for 15 min to disperse particles in the
samples. The results of zeta potential (Table 2) showed
that along with the doped nanoparticles, the zeta poten-
tial and motion increased so that the zeta potential in the
nanoparticles with CuO (0.5, 1, and 2) were —28.7, —28.9, and
—40.8 mV, respectively. It is clear that doping increased the
surface area and surface charge of TiO,/ZnO nanoparticles.

3.2. Effect of factor on photocatalytic activity
3.2.1. Effect of dopant percent

In order to determine the effect of CuO percent on the
photocatalytic activity potential of TiO,/ZnO composite to
degrade of diazinon, the value of CuO (0.5%, 1%, and 2%)
were investigated with the following conditions. The pho-
tocatalytic removal efficiency of diazinon with doped TiO,/
ZnO nanoparticles and TiO,/ZnO with 0.5%, 1%, and 2% of
copper oxide for 120 min were equal to 50%, 53%, 71%, and
61% (Fig. 9). It is clear that the dopant percent can affect the
process so that 1% dopant had better efficiency than 0.5%

and 2%. This could be due to the reduced energy gap of
nanoparticles, its higher activity than light, and increased
photocatalytic activity of doped nanoparticles. In the study
conducted by Zandsalimi et al. [45] entitled “Examining
photocatalytic removal 2—4-dichlorophenoxy from aqueous
solutions with tungsten metal oxide-doped zinc oxide
nanoparticles immobilized on glass beads” were found that
the nanoparticle doping percent can impact the process, so
that 1% dopant had better efficiency than 0.5% and 2%. In
another study conducted by Abdollahi et al. [46], they per-
formed a study on the characteristics of manganese-doped
zinc oxide nanoparticles, they synthesized 0.5%, 1%, 1.5%,
and 2% of manganese as dopant with ZnO and the results
showed that manganese concentration of 1% had finer par-
ticle sizes, so that 77% of the particles had the size between
15 and 35 nm. At this percentage, the particles were fully
isolated and no adhesion was observed between the parti-
cles. So, as can be seen from Fig. 9, coating of copper oxide
on the TiO,/ZnO nanoparticles has improved its photo-
catalytic activity for degradation of diazinon, and the best
percentage of copper oxide for the doping process was 1%.

3.2.2. Effect of pH

One of the most effective parameters affecting chemical
processes such as photocatalytic is pH, which can change
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Fig. 8. Zeta potential of (a) TiO,@ZnO@CuO (0.5%), (b) TiO,@ZnO@CuO (1%), and (c) TiO,@ZnO@CuO (2%).

Table 2
Effective diameter and zeta potential (PALS method) details of
bare and doped TiO, NPs using the Smoluchowski model

Nanoparticles Zeta potential (mV) Mobility (cm?/Vs)
TiO, ZnO-CuO (0.5%) —28.7 -0.000223
TiO,ZnO-CuO (1%) -28.9 -0.000224
TiO,ZnO-CuO (2%) —40.8 -0.000314

the surface charge of molecules and materials. Producing
values of active free radicals such as hydroxyl radicals in
the photocatalytic process are highly affected by the pH of
the solution [47]. Before conducting the photocatalytic tests,
the analysis of pH , showed that the pH _of the TiO,/Zn0O/
CuO nanopartlcle was about 7. So, under thls COI‘IdlthI‘l the
main functional groups of TiO,/ZnO/CuO can be negative
charges by H* protons at pH < pH . On the other hand, the
surface of TiO,/ZnO/CuO nano- comp031te at pH > 7, will
be saturated by negative charges of OH" ions.

Also, pK_ of diazinon was about 8.7 in which differ-
ent diazinon species are available in the solution, based on
the pH value above or below 7. So, the diazinon molecules
at pH =7, pH > 7, and pH <7 can be in the forms of zwit-
terion, anionic, and cationic, respectively.

The results of the effect of pH on the photocatalytic
removal of diazinon are presented in Fig. 10. It showed that

the removal percentage in 120 min in pH of 3, 5, 7, 9, and
11 was equal to 62%, 63%, 87%, 62%, and 61%, respectively.
The high efficiency in neutral pH can be due to the maxi-
mum production of hydroxyl radicals and h* (hole*) under
such circumstances. Thus, to attack organic compounds by
these radicals with strong oxidation potential and contact-
ing of pH was much faster [48], also it is because the sur-
face charges of TiO,/ZnO/CuO nano-composite are being
negative and simultaneously the diazinon molecules are in
protons forms in the solution. Hence, negative sites on the
nano-catalyst surface can be effective in absorbing diazinon,
and the increased pH level would be associated with the
increasing degrading capability of diazinon [49].

In the study conducted by Leng et al. [50], increasing
the pH of the dyed solution from 6.5 to 11 significantly
increased the dye removal and, at the pH above 11, the effi-
ciency removal was rapidly increasing. In another study
conducted by Houas et al. [51], it was reported that for
50% degradation of methylene blue with the constant con-
centration of 40 mM, the removal of methylene blue was
faster at alkaline pHs.

3.2.3. Effect of nanoparticles dose

By considering the costs as a limiting economic fac-
tor, the amount of nanoparticles used in the process is one
of the most important issues in photocatalytic technology.
The results of the study on the effect of TiO,/ZnO/CuO
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Fig. 9. Effect of copper oxide percentage on removal percentage (initial diazinon concentration = 50 mg/L; pH = 7; dosage of

nanoparticle suspension 1.5 g/L).
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Fig. 10. Effect of pH on removal percentage (initial concentration = 50 mg/L; TiO,@ZnO@CuO (1%); nanoparticle dose 1.5 g/L).

(1%) nanoparticle dose in the photocatalytic degradation of
diazinon are shown in Fig. 11. The result indicates that by
increasing the number of nanoparticles, the removal effi-
ciency of the diazinon improved in that way the removal
percentage for 0.1, 0.5, 1, 2, and 3 mg/L of the nanoparti-
cles at 120 min was equal to 18%, 40%, 58%, 85%, and 56%
respectively. It can justify that by increasing the amount of
catalyst, the available active site of the catalyst increase.
Thus, it led to an increase in the production of hydroxyl
radicals and other oxidizing radicals as well as positive
holes (h*) [52]. Moreover, the earlier studies have shown
that increasing the number of nanoparticles is directly
related to increasing filtration efficiency to a certain extent
and has no impact if exceeding a specified level. However,

it could reduce efficiency by disrupting the path of light
in suspended particles [53]. Another important point is
that when the doping process is carried out, it prevents
the recombination of electrons and holes, which leads to
increase photocatalytic efficiency. The results of the study
conducted by Chakrabarti and Dutta [55]; showed that,
with increasing the amount of ZnO catalyst, the photocat-
alytic degradation was also increased, which was due to
increased activity levels on the catalyst and, consequently,
increased production of hydroxyl and superoxide radicals
[54]. On the other hand, increasing the dose of catalyst
beyond the optimal value reduced the degradation rate,
which was mainly due to increase turbidity in the pas-
sages of light into the solution. In the study conducted by



84

Naghan et al. [56] which examined the effective parameters
for the photocatalytic degradation of phenol in the pres-
ence of ZnO under UVC light, the results showed that the
efficiency was obtained about 94.24% under optimal con-
ditions of catalyst dose of 15 g/L, initial phenol concentra-
tion of 10 mg/L, contact time of 30 min, and pH of 5. The
results demonstrated that by increasing the catalyst dose to
0.3 g, the process efficiency was reduced to 75%.

3.2.4. Effect of initial concentration

The initial concentration of diazinon is another fac-
tor which considers as one of the effective parameters on
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photocatalytic degradation. The results of the effect of initial
concentration on the photocatalytic process are presented in
Fig. 12. According to the result, an increase in the concen-
tration of diazinon led to reducing the removal efficiency so
that the removal percentage in concentrations of 10, 25, and
50 mg/L were 94%, 85%, 77%, 59%, and 53%, respectively.
This may be due to the point that, by increasing the initial
concentration of diazinon, the higher number of catalyst
surface active sites was covered, which reduced the produc-
tion of oxidizing radicals and, finally, led to a decrease rate
of degradation [57]. Reduction of diazinon degradation by
increasing the concentration of diazinon was the result of
reduced light penetration or lower active sites on the catalyst
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Fig. 11. Effect of nanoparticle dosage on removal percentage (initial concentration = 50 mg/L; pH = 7; TiO,@ZnO@CuO (1%);

nanoparticle dose 1.5 g/L).
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Fig. 13. Effect of photocatalytic process on real sample (pH = 7; TiO,@ZnO@CuO (1%); dosage of nanoparticle suspension 2 g/L).

to absorb UV light for production of hydroxyl radicals.
Thus, by increasing the concentration of diazinon, most of
the diazinon molecules were adsorbed on the surface of the
nanoparticles and prevented the production of hydroxyl rad-
icals. Therefore, the efficiency of the process was reduced.
Other studies have reached similar conclusions [58-61].

3.2.5. Effect of contact time

Contact time is an important parameter in the removal
of diazinon under photocatalytic degradation. The results
of the effect of contact time on the photocatalytic degrada-
tion of diazinon showed that increasing contact time, led to
enhance the removal efficiency of diazinon. Regarding this
situation, it is obvious that the production of free hydroxyl
radicals in the conductive band increased by increasing
contact time [62]. Moreover, by increasing contact time, the
removal efficiency was raised due to the more opportunity
of nanoparticles for generating free hydroxyl radicals and
photocatalytic reactions. In fact, by increasing contact time,
the exposure to light increases, and more oxidation reac-
tions occur in the presence of hydroxyl radicals [63]. In the
study conducted by Alalm et al. [64], entitled “Photocatalytic
degradation of phenol by TiO,/AC”, the results showed that
under optimal conditions, using TiO,, 53% and 80% of phenol
were degraded after 30 and 150 min of radiation, respec-
tively, and using TiO,/AC, 40% and 100% of phenol were
degraded after 15 and 120 min of radiation, respectively.

3.2.6. Photocatalytic degradation of real diazinon under
obtained optimal condition

To evaluate the photocatalytic degradation of diazi-
non in real conditions, the real sample was taken from a
diazinon manufacturing factory including 25 mg/L of dia-
zinon concentration and it was exposed to solar radiation
under optimal conditions. The achieved results are shown in
Fig. 13. Based on the result, it was found that the removal
efficiency of 91% was obtained after 120 min reaction time.

It is cleared that the photocatalytic process by TiO,/ZnO/
CuO nanoparticle had good efficiency in removing diazinon
under optimal conditions.

3.2.7. Photocatalytic degradation mechanism

One of the main factors needed for photocatalytic reac-
tions is semiconductor materials such as CuO. The main
characteristic of the material is having conduction and gap
bands in its structure which can lead to a transfer of an
electron from the gap band to the conduction band by get-
ting the photon energy and creating cavities (holes*, h*) at
the surface of the catalyst simultaneously [Eqs. (2)—(4)]. The
formed h* can directly decompose diazinon or their reac-
tion with water molecules product of radical “OH and the
generated radicals eliminate organic matter [Eqs. (5)-(6)].
On the other side, abandoned electrons can react with the
oxygen and they generate ‘O; radical [Egs. (7)—(8)]. The
*O; radicals, first generate radical *HO; and then hydro-
gen peroxide by reacting with water molecules. Moreover,
hydrogen peroxide can generate radical *OH by getting an
electron [Eqgs. (9)-(10)]. The generated oxidizing or reduc-
ing agent can attack diazinon and it decomposes into
water and carbon dioxide as well as a by-product.

CuO—2>ZnO(e” +h") @)
h*+OH™ —» OH 3)
e +0,>0" (4)
CuO(h')+H,0 - *OH+H' + CuO (5)

CuO(h*)+OH" — "OH + CuO (6)



86 M. Malakootian, M.M. Soori / Desalination and Water Treatment 242 (2021) 75-88

CuO(e”)+0, - "0, +CuO )
‘0, +H,0 - "HO, + OH" (8)
*HO, + 'HO, - H,0, +O, )

H,0, +CuO(e”) > HO™ +"HO +CuO (10)

4. Conclusion

In this study, the photocatalytic degradation of the
diazinon was investigated using CuO-doped TiO,/ZnO
nanoparticles and before them, the characterization anal-
yses of TiO,/ZnO/CuO nanoparticles were conducted by
SEM, EDX, FTIR, XRD, MAP, and zeta potential. The results
showed that the addition and doping of copper to TiO,
and ZnO nanoparticles increased the photocatalytic activ-
ity of nanoparticles and ease of its activating by visible
light. The suitable dopant percent in this process was 1%
and had higher efficiency than 0.5% and 2%. The neutral
pH had the highest removal efficiency of diazinon. Also,
by increasing catalyst dose and contact time, the removal
efficiency increased, while increasing the initial concentra-
tion of diazinon led to reducing the efficiency. According
to the result, it can be concluded that the photocatalytic
process by TiO,/ZnO/CuO nanoparticles could effectively
eliminate diazinon under real conditions.
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