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ABSTRACT

In this study, the photocatalytic decomposition of diazinon using graphene/ZnO nanocomposite
doped with manganese was studied under UV light (UV reactor with low pressure mercury lamp
15 W) and sunlight. The effects of nanocomposite concentrations in the range of 50-200 mg/L, pH of
the solution ranging from 3 to 11, diazinon concentrations in the range of 10-90 mg/L, and various
contact times (20-120 min) were investigated to find the optimal conditions for diazinon decompo-
sition. The results indicated that the photocatalytic efficiency in diazinon decomposition was 85.2%
under optimal conditions (UV lamp, pH: 7, diazinon initial concentration: 10 mg/L, nanocomposite
concentration: 100 mg/L, contact time: 120 min). The process efficiency under optimal conditions for
the maximum removal of diazinon in the presence of sunlight was about (pH: 7, initial diazinon con-
centration: 10 mg/L, nanocomposite concentration: 200 mg/L and contact time: 120 min). Findings also
showed that the photocatalytic process for the removal of diazinon from aqueous solutions using UV

lamp radiation had a better performance than that of sunlight.
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1. Introduction

Globally, more than 800 different types of agricultural
pesticides are produced. Most pesticides are categorized as
persistent organic pollutants [1-3]. Adverse health effects of
pesticides include short-term effects (e.g., abdominal pain,
dizziness, headache, double vision, and skin problems) and
long term effects (e.g., increased risk of respiratory prob-
lems, memory disorders, depression, neurological defects,
cancer, and sterility) [4]. Organochlorine, organophosphate,
carbamate, and pyrethroid pesticides are commonly used in

* Corresponding authors.

agriculture [5]. Among them, organophosphate pesticides
are the largest and most diverse group of pesticides, which
include about 40% of world’s registered pesticides. Diazinon
is one of the most widely used organophosphate pesticides
[1]. Diazinon is a toxic compound with moderate risk, which
is classified in category II by World Health Organization
(WHO). Diazinon is slightly soluble in water (40 mg/L at
25°C), non-polar and rapidly degraded in the environment.
Unlike chlorinated pesticides, it has no cumulative effect.
These pesticides are resistant to degradation in the soil envi-
ronment [6-8]. Therefore, entrance of these toxic compounds
into groundwater resources is a growing concern.
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Different methods have been utilized for diazinon
removal from aqueous solutions such as ultrasonic waves,
biodegradation, optical dispersion, ozonation, decomposi-
tion by gamma rays, Fenton process, treatment with UV/
H,O,, adsorption and photocatalytic decomposition [9,10].
The major disadvantages in the use of these processes
include complexity, low speed, high costs, high consumption
of chemicals, sludge production, etc. In photocatalytic pro-
cesses, pollutants are rapidly decomposed in the presence
of UV or a light having ultraviolet range [11]. Photocatalytic
process is based on the production of active and reactive
radicals such as ‘OH, and the pollutant decomposition
occurs after the production of enough radicals [12-15].
Photocatalytic oxidation process in the presence of UV light
and catalysts is one of the advanced oxidation processes,
which can be used to remove organic contaminants [16].
This process has been taken into huge consideration due to
its high efficiency, possibility of reusing catalysts repeatedly
and removal of persistent pollutants [17,18]. Photocatalytic
nanoparticles include titanium dioxide, zirconium dioxide,
zinc oxide and graphene. Nowadays, zinc oxide is widely
utilized for the oxidation of organic compounds due to the
direct energy band gap, binding energy of 60 MeV, their
stability against chemical corrosion, non-toxicity, insolubil-
ity, ability to break down toxic organic compounds, capabil-
ity of absorbing the whole range of electromagnetic waves,
and photocatalytic ability. Zinc oxide has been proposed as
an important semiconductor material [19,20]. Several stud-
ies have recently reported on photocatalytic degradation of
diazinon from aqueous solution [21-23]. Jonidi-Jafari et al.
[24] reported removing 85% of diazinon from water using
illuminated ZnO-TiO, composite. In another study Baneshi
et al. [25] reported removal of diazinon from water using
Fe-TiO, catalyst. They were able to achieve 98% removal
efficiency.

Graphene is a layer of graphite and an allotrope of car-
bon with two-dimensional network structure such as honey-
comb. Being one of the strongest materials, these compounds
are known as the building blocks of carbon nanotubes and
large fullerenes [20]. Graphene exhibits peculiar physi-
cal properties at the nano scale. Various advantages have
been reported for the application of graphene such as high
Young modulus (about 1,000 GPa), high resistance to break-
age (130 GPa), good thermal conductivity (5,000 Wm™K™),
electrical conductivity (200,000 cm? V™ s™), specific surface
area (2,600 m’g™), amazing transport phenomena such as
the quantum Hall effect, adsorption of some metal ions and
pollutants from soil and water [26-28]. One way to increase
the photocatalytic activity of semiconductors is doping them
with metals such as La, Fe, Pd, and Mn or their ions. Since the
amount of energy required to initiate the photocatalytic reac-
tion of semi-conductors such as zinc oxide and titanium diox-
ide is not enough in the range of visible light, doping of some
metal ions on the surface of semiconductors has been widely
performed to alter the band gap energy and to increase light
absorption, increases photocatalytic activity. From doping
with an appropriate concentration of Mn*, the band gap
energy of ZnO can be decreased. Several doping agents have
been applied in the modification of photocatalysts [29-31].

Therefore, the main objective of this study was to syn-
thesize and modify reduced graphene nanocomposite/ZnO

with manganese and determine its photocatalytic efficiency
in diazinon removal from water solutions.

2. Experimental
2.1. Materials

Diazinon solution (60%) was prepared in Arysta Life
Science, France and the rest of the required chemicals (graph-
ite, manganese acetate, zinc acetate, sulfuric acid, and nitric
acid) were purchased from Merck Co. (Germany) and used
without further purification. Chemical structure and physi-
cochemical properties of diazinon are listed in Table 1.

2.2. Synthesis of reduced graphene/ ZnO nanocomposites doped
with Mn

Graphene oxide (GO) and the reduced graphene/ZnO
nanocomposites were synthesized using modified Hummers’
method and solvothermal method, respectively. GO was dis-
solved in 80 mL of ethylene glycol (EG) by ultrasound for
2 h under ambient conditions, and subsequently was centri-
fuged (for 15 min at 4,000 rpm) to obtain a brown disper-
sion. A certain amount of manganese acetate (5 wt. %) and
80 mg of zinc acetate were dissolved in 80 mL of EG, and
then, the resulted solution was added into the brown disper-
sion under magnetic stirring. Thereafter, 20 mg of dissolved
sodium hydroxide was added in 20 mL of distilled water,
and then the obtained solution was added into the mixture
and was stirred for another hour to obtain a homogeneous
suspension. In the next step, the suspension was held in a
200 mL Teflon autoclave stainless steel for 24 h at 160°C in
order to reduce GO and achieve ZnO deposition. Finally, the
prepared composite was recovered by centrifugation (for
15 min at 4,000 rpm) and washed five times with ethanol and
distilled water. The synthesized nanocomposite was dried in
a vacuum oven at 80°C for 24 h [31,32].

2.3. Properties of synthesized nanoparticles

X-ray diffraction (XRD), atomic force microscopy (AFM),
Fourier transform infrared (FTIR) spectroscopy, scanning
electron microscopy (SEM), and zeta potential analysis

Table 1
Structure and properties of diazinon

Structure jf
NZ i\l S
)\/ko/ Fi\O/\
O\\
Chemical formula (C,H,,N,0,PS)
A, (nm) 247
Molecular weight (gmol™)  304.36
Density (20°C) (g ml™) 1.11

WHO class II
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were used for characterizing the synthesized nanoparticles.
An XRD device (Model: INEL-Equinox-3000, France) was
employed to determine the crystal structures and crystal
lattices of the nanoparticles. AFM (ARA Research Co, model
No. 0101/A, Iran) was used to analyze the surface roughness
and the surface specifications of the nanoparticles. FTIR spec-
trometer (Bruker, Tensor 27, Germany) was used to deter-
mine the surface functional groups of the nanoparticles. SEM
(TESCAN, Czech Republic) was used for the determination
of the nanoparticle shape and size. A zeta potential analyzer
(Nanobrook Omni, USA) was used to measure the electric
potential at the surface of the nanoparticles.

2.4. Experimental methods and analysis

The photocatalytic decomposition of diazinon was
investigated using the synthesized nanocomposite as shown
in Fig. 1. Diazinon solutions with different concentrations
were prepared from its stock solution (1,000 ppm). After
filtering the solutions, a certain amount of the synthesized
nanocomposites was added to each solution and to
determine the rate of diazinon decomposition under
sunlight. Experiments under sunlight (with the mean lighting
intensity of 1.14 mW/cm? light intensity of 785 lux, and
radiation angle of 67 degree) were performed in the Health
Faculty, Kurdistan University of Medical Sciences, Sanandaj,
in September 2015 from 10:30 AM to 12:30 PM. Thereafter,
the parameters (as listed in Table 1) were analyzed. At each
stage, the removal efficiency of diazinon and the effect of
parameters were evaluated by changing a parameter and
keeping other parameters constant. The studied parameters
include nanocomposite dosage (50, 100, 150, 200 mg/L),
reaction time (from 20 to 120 min), process type, initial
diazinon concentration (10, 30, 50, 70, 90, 100 mg/L) and pH
of the solution (3, 5, 7, 9, and 11).

To start photocatalytic experiments, a series of samples
were tested under low pressure mercury lamp (15 W), which

Modified Hummers Zinc acetate +

Method Manganese acetate

stirring- Washing &
Centrifugation

Graphite solution GO solution GO-ZnO-Mn

was installed on the top of the photo reactor. In all experi-
ments, the UV lamp was located at a distance of 15 cm from
the samples. The remaining diazinon was measured using a
spectrophotometer (DR5000-HACH, USA) at a wavelength
of 247 nm [24].

3. Results and discussion
3.1. Nanocomposites properties

Figs. 2 and 3 show the SEM images of GO sheet and
GO-ZnO-Mn.

The images of GO and GO-ZnO-Mn by SEM revealed
a transparent structure for GO, which indicated that the
graphene oxide was well exfoliated to single and lower
layers. Fractures in the edge of the GO sheets indicated
that the graphene oxide has a layered structure in all parts.
Adding nanoparticles of zinc oxide and manganese to
graphene oxide led to the appearance of a surface coated
with beans. The spherical shaped particles with an average
size between 20 and 40 nm were normally distributed
on graphene and reduced graphene layers. This size is
consistent with the size of the particles obtained from
Scherrer formula in XRD.

The results of the FTIR in Fig. 4 showed that the peaks
appeared at 3,458; 2,923; 1,051; and 1,388 cm™, indicating
stretching vibration of OH, C-H, C-O, and carbonyl
groups, respectively. Another peak appeared at 1,627 cm™,
indicating the stretching vibration of C=C groups. Peaks
observed at 532, 543, and 450 cm™! are associated with the
presence of ZnO groups in the compounds. Given that
in the solvothermal process, at first the graphene oxide
is reduced, and then the nanocomposite is synthesized,
the peak that appeared at 3,467 cm™ is attributed to the
presence of zinc groups on the graphene oxide structure.
The peak observed at 439 cm™ indicated the presence of
Mn in the compounds.
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Fig. 1. Schematic of photocatalytic degradation process under sunlight and ultraviolet irradiation.
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SEM HV: 20.0 kV WD: 4.77 mm
View field: 6.93 pm Det: SE

SEM MAG: 39.9 kx Date(m/d/y): 11/02/16 Kurdistan University

Fig. 2. SEM image of graphene oxide.
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Fig. 3. SEM image of GO-ZnO-Mn nanocomposite.

In XRD pattern of graphene oxide as shown in Fig. 5, a
peak with a high intensity (001) was observed at an angle
of 20 = 11°, which indicated expansion among the layers of
graphene oxide due to the oxidation of graphite and formed
groups such as carboxyl, hydroxyl, and epoxy. This peak was

reduced after the synthesis of graphene oxide nanocomposites
due to the formation of reduced graphene oxide. Moreover,
the peaks with high intensity at (100) (002) (101) (110) (200)
(112) (201), and (202) showed a high purity and hexagonal
wurtzite structure on the surface of zinc oxide. With the addi-
tion of manganese, the peak of XRD was reduced to a very
small and wide peak. This result revealed that the Mn-ZnO
nanoparticles are well packed on the graphene oxide sheets.
According to Scherrer formula (Eq. (1)), the nanoparticles’
size was about 35 nm.

_(Kx2)
~ (BcosH)

@™

where K is a dimensionless shape factor, with a value close
to unity. The shape factor has a typical value of about 0.9 but
varies with the actual shape of the crystallite.

And D is the crystallite size (nm),  is the peak width at
half maximum intensity (radians), O is the Bragg angle of the
peak (degrees) and A is the wavelength of X-rays (nm).

The parameters of nanocomposite network are listed in
Table 2.

The two and three-dimensional AFM image of graphene/
ZnO in contact mode with a scanning distance of 3 x 3 um
is shown in Fig. 6. The results of the analysis of the sizes
and roughness coefficients of the nanoparticles are also
shown in Fig. 6. According to AFM analysis, the diameter
of the nanoparticles was 37 nm (which is consistent with
XRD result) and the size between graphene oxide layers is
3-5 nm. Fig. 6a also shows the graphene oxide alone layers.
As the red arrows indicate, the three distinct graphene oxide
layers are well detectable. In fact, its shape is few-layered
sheet with a mean thickness of 1.48 nm. Fig. 6b clearly shows
the graphene oxide layers and coated nanoparticles (green
arrows show the position of nanoparticles on a graphene
oxide layer based on a two-dimensional AFM image). The
deposition of nanoparticles on graphene oxide is well seen in
the three-dimensional AMF image (Fig. 6c).

One of the most important parameters for describing
the colloidal dispersion stability is the zeta potential. This
measurement is related to the determination of the negative
charge around the double layer related to the colloidal particle
asaresult of theionization of different functional groups. Ithas
been found that if the zeta potential is between -30 to +30 mV,
the particles are stable due to the distribution [33]. Regarding
the graphene oxide, the surface charge may depend on the
amount and type of functional groups on the surface of the
graphite oxide. During the synthesis of graphene oxide, func-
tional groups such as epoxy, hydroxyl, and carboxylic groups
are located on the graphene oxide sheets. The hydroxyl and
carboxylic groups of the graphene oxide sheets can weakly
develop negative charges in the solution [34]. Therefore, the
negative charges of the GO and GO-ZnO-Mn were evaluated
by zeta potential measurements at the natural pH of the dis-
persions at 25°C and the results are presented in Table 3 and
Fig. 7. As reported in Table 3, the surface charge of the GO
and GO-ZnO-Mn is —4.75 and —6.02 mV, respectively, with an
increase in the surface charge of the GO after the modification
which may be due to a reduction in the agglomeration of the
sheets and the presence of more carboxylic groups on the sur-
face and finally increase of colloidal stability.
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Fig. 4. FTIR spectra of GO, Mn-ZnO, GO-ZnO, and GO-ZnO-Mn nanocomposite.
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Fig. 5. XRD patterns of GO, GO-ZnO, and GO-ZnO-Mn
nanocomposite.

Fig. 8 shows the dynamic light scattering (DLS) result of
GO sheet and GO-ZnO-Mn with a slight difference between
them. For the graphene oxide sample, the size distribution
varied in the range of 34 to 1,300 nm with an average size
of 217 nm (Fig. 8a). This means that these dispersions had a
very broad size distribution and may contain large particles
or agglomerates, suggesting that DLS analysis is not suitable
for determining size. However, these sizes were reduced
after modification of graphene oxide and reached about
156 nm (average size) at a range of 23-1,000 nm (Fig. 8b)
which, as already mentioned, can be related to a reduction in

the agglomeration of the sheets. In general, it is important to
note that the DLS analysis assumes that particles are spher-
ical shaped. For graphene oxide which possess extremely
large ratios of length or breadth to a few nanometers thick-
ness, these results seem logical and help to determine and
compare the relative change in the platelet size as a function
of surface modification.

3.2. Effect of operational parameters on photocatalytic decomposi-
tion of diazinon

3.2.1. Effect of photocatalyst dosage under UV light and
sunlight

Figs. 9 and 10 demonstrate the effect of nanocomposite
dosage (50, 100, 150, and 200 mg/L) on photocatalytic decom-
position of diazinon under UV lamp and sunlight radiation
at constant diazinon concentrations of 50 mg/L and at pH 5.
The results showed that the photocatalytic degradation of
diazinon in the absence of GO-ZnO-Mn catalyst was negli-
gible, and the process efficiency increased with increase in
the photocatalyst dosage. The maximum removal efficiency
under UV light was 55% at 100 mg/L of the photocatalyst,
while it was 21% under sunlight at 200 mg/L of photocatalyst.

Also this phenomenon may be attributed to the avail-
ability of active sites and penetration of light into the sus-
pension. In the beginning of the process, a large number of
holes are formed on the surface of the photocatalyst and this
leads to an increase in the system efficiency. But, at higher
concentrations than 100 mg/L, increased turbidity and the
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Table 2

Parameters of nanocomposite network
Sample Nanoparticles’ size (nm) a(A) c(A) ¢/a ratio Volume (A%
Go-ZnO 35.2 3.249 5.2070 1.6026 27.4825
Go-ZnO-Mn 35 5.84 5.84 1 99.5883

Fig. 6. AFM images of (a) GO and (b and c) GO-ZnO-Mn
nanocomposite.

scattering effect of nanoparticles causes hindering light pen-
etration and reduced removal efficiency of diazinon [35-37].
Therefore, in the presence of UV lamp, 100 mg/L of nano-
composite was selected as the optimal concentration for the
next steps of experiments, and in the presence of sunlight,
200 mg/L of the nanocomposite was chosen as the optimal
concentration. Meanwhile, higher intensity of UV-C (used in
the UV reactor) makes it better option than sunlight for two

Table 3
Zeta potential of nanoparticle

Nanoparticles Zeta potential Zeta potential Mobility
(mV) model (u/s)/(V/cm)

Go —4.75 Hiickel -0.25

Go-ZnO-Mn —6.02 Hiickel -0.31

reasons. First, it can produce higher numbers of electron/hole
pairs and *OH radicals, which introduce higher active sites
on the nanocomposite to remove diazinon. Second, higher
numbers of *OH radicals and peroxides, produced by UV-C,
give decomposition of diazinon even after full occupation of
active sites on the nanocomposite, achieving higher removal
efficiency. But, lower UV intensity of sunlight produces
lower electron/hole pairs and *OH radical. Therefore, in a
specific period of time, most of active sites on the nanocom-
posite get occupied and there would be lower sites for the
removal of remaining diazinon and the produced analytes
from its decomposition, which leads to decrease in the dia-
zinon removal.

3.2.2. pH effect

Figs. 11 and 12 show the removal efficiency of diazinon at
various pH values (3, 5, 7, 9, and 11) at constant concentration
of diazinon (50 mg/L) and nanocomposite in the presence of
UV lamp (100 mg/L) and sunlight (200 mg/L), respectively.
Results revealed that under both UV lamp and sunlight,
the process efficiency of diazinon removal increased with
increase in pH from 3 to 7. The highest percentage of pho-
tocatalytic degradation of diazinon in neutral pH was 72.7%
under UV lamp, and it was about 30% under sunlight.
Generally, the effect of pH depends on the type of pollutants
and point of zero charge (pzc) of the photocatalyst [38—41].
In this study, pH , of the GO-ZnO-Mn nanocomposite was
7.3. According to previous studies, pK  of diazinon is 2.6
[30], and it has a negative surface charge in pHs above this
value. While the GO-ZnO-Mn nanocomposite has positive
surface charge at pH values lower than 7.3. Therefore, in the
pH range of diazinon pK_ and pH_, the charge of the nano-
composite is positive and diazinon is negative, which make
them attracted towards each other. At higher pH values, the
negative charge causes the repulsion between diazinon and
nanocomposite and reduces the photocatalytic efficiency in
diazinon removal [37].

3.2.3. Effect of initial pollutant concentration

The effect of initial diazinon concentrations in photocata-
lytic decomposition is one of the most important parameters.
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Fig. 7. Zeta potential of (a) GO and (b) GO-ZnO-Mn nanocomposite.
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Fig. 9. Effect of photocatalyst dosage on photocatalytic
decomposition of diazinon under UV irradiation (pH: 5, diazinon
concentration: 50 mg/L).

The effect of this parameter on photocatalytic degradation
of diazinon was studied at different concentrations (10, 30,
50, 70, and 90 mg/L) at pH 7 and 100 mg/L of GO-ZnO-Mn
nanocomposite under UV lamp radiation, and 200 mg/L
of GO-ZnO-Mn under sunlight. Fig. 13 shows the effect of
UV lamp on process efficiency. According to the results, the
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Fig. 10. Effect of photocatalyst dosage on photocatalytic
decomposition of diazinon under sunlight (pH: 5, diazinon con-
centration: 50 mg/L).

process efficiency decreased from 85.2% to 34% with increase
in the diazinon concentration from 10 to 90 mg/L. The results
of sunlight effect revealed that the removal efficiency of dia-
zinon increased up to 35% with decreasing the diazinon con-
centration (Fig. 14). This trend may be due to the increased
ratio of photocatalyst/diazinon which leads to higher adsorp-
tion percentages of diazinon on the photocatalyst surface at
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lower concentration. Moreover, increased diazinon concen-
tration prevents the photons from reaching the catalyst sur-
face and consequently, the photocatalytic degradation rate is

decreased. This finding is consistent with previous studies
[42-44].

3.2.4. Comparing the processes

In order to survey the effect of different processes on dia-
zinon decomposition, the removal efficiencies of diazinon by
single nanoparticles, UV, and the nanoparticles in combina-
tion with UV were compared. The experimental conditions
were kept constant in all studied processes (pH: 7, initial
diazinon concentration: 100 mg/L and contact time: 120 min).
The removal efficiency of diazinon by GO, GO-ZnO,
GO-ZnO-Mn, UV, GO/UV, and GO-ZnO/UV, GO-ZnO-Mn/
UV was 25%, 30%, 45%, 28%, 36%, 57%, and 85%, respec-
tively (Fig. 15).

The photocatalytic degradation of organic materials
occurs with the semiconductor optical stimulation, followed
by the formation of pairs of electrons—hole on the surface of
the catalyst (Eq. (2)). High oxidation potential of holes (h,)
in the catalyst provides the direct oxidation of organic sub-
stances (pesticides) according to Eq. (3). In addition, by water
splitting (Eq. (4)) or in the reaction of holes with OH" (Eq. (5)),
highly reactive *OH radicals are produced.
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Fig. 15. Comparing the processes in photocatalytic decomposi-
tion of diazinon (pH: 7, GO-ZnO-Mn nanocomposite: 100 mg/L,
initial diazinon concentration: 10 mg/L).

Electrons in conduction band on the surface of the cata-
lyst convert the molecular oxygen to superoxide anion (Eq.
(6)). In the presence of organic materials, the radicals have
the ability of forming organic peroxides (Eq. (7)) or hydrogen
peroxide (Eq. (8)).
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Table 4
Comparison of photocatalytic degradation of diazinon
Photocatalyst Dosage  Light source Time Concentration pH  Removal (%) Reference
(min)  (mg/L)
GO-ZnO-Mn 01g/L UV light (15-W low pressure 120 10 7 85 This study
UV lamp)
Illuminated ZnO- 0.5g/L UV light 120 20 7 85 [24]
TiO, composite
Fe-TiO,/Bent-Fe 0.5 g/L Visible light (36 W compact - 25 5.6 58.3 [23]
bulb)
WO, 0.5 g/L UV light (125- W medium- 120 20 3 99.88 [21]
pressure UVC lamp)
Iron doped TiO, 0.4 g/L UV light (15-W low pressure 100 30 5.5 76 [22]
UV lamp)
FeFNS-doped TiO, 0.25g/LL.  UV-LEDs 100 1.3 7 448 [47]
Fe,O,/HAP 4¢/L UV light (30 W low-pressure 60 10 55 75 [48]
lamp)
Catalyst + hv — e+ h’, (2)  highest removal efficiency of diazinon was obtained under
UV light, at neutral pH, diazinon concentration of 10 mg/L
h;,+ insecticide — oxidation of the insecticide 3) and nanoparticle concentration of 100 mg/L. And, under sun-
light, it was obtained at neutral pH, diazinon concentration
hi,+H,0 - H'+ HO" (4)  of 10 mg/L and nanoparticle concentration of 200 mg/L.
hi;+OH™ — HO* ®) Acknowledgments
e +0, > 0; (6) This research was extracted from the Master Dissertation
¢ work of the first author (IRMUK.REC.1394.14538). The
“O-+ insecticide —s insecticide — OO* @) authors acknowledge the support of this work by Kurdistan
2 University of Medical Sciences, Sanandaj, Iran. This research
‘O-+HO' +H' > HO.+0 3 wasalsosupported by BasicScienceResearch Program through
2 2 7T, ® the National Research Foundation of Korea (NRF) funded by
he Mini fE i RF-2019R111A3A01062424).
HO* + insecticide — degradation of the insecticide ) the Ministry of Education (N 019 3A01062424)

Moreover, the electrons in the conduction band are
responsible for the production of *OH radicals, which are
shown in (Eq. (9)) as the main cause of mineralization of
organic substances. In this regard, similar results have been
reported by other researchers [45,46].

In order to evaluate the effect of different processes on
the photocatalytic degradation of diazinon using different
photocatalysts, the results of this study were compared with
other reported data and summarized in Table 4. This compar-
ison shows that the GO-ZnO-Mn is an effective photocatalyst
for the degradation of diazinon compared with other photo-
catalysts [47,48].

4. Conclusion

In this research, nanocomposite of graphene oxide-zinc
oxide doped with manganese was used for photocatalytic
decomposition of diazinon from aqueous solutions. The
characteristics of GO-ZnO-Mn composite were determined
using SEM, AFM, XRD, and FTIR. The results revealed
that GO-ZnO-Mn/UV had the maximum efficiency in dia-
zinon removal in comparison with other processes. The
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