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ABSTRACT

In this work, hydrothermal technique and precursor materials obtained from the wastes of the filtration
unit of the gas pressure reduction station were used to create a Zn0-Fe,0, nanocomposite. FT-IR, FE-
SEM, XRD, and TEM analyzes were used to investigate the properties of the produced nanocomposite.
XRD analysis showed the structure of ZnO and Fe O, without impurities. The crystal size of the ZnO-Fe O,
nanocomposite was determined to be about 53 nm. FE-SEM images showed a nanocomposite pattern
with an approximate diameter of 50 nm. Finally, the visual decomposition of anionic and cationic dyes
under visible light was used to study the photocatalytic activity of the ZnO-Fe,0, nanocomposite. By
exposing a metal halide lamp to light and darkness for 60 minutes and 150 minutes, respectively, it was
possible to study the photocatalytic activity of the synthesized nanocomposite in removing anionic and
cationic dyes from an aqueous medium. In the photocatalytic degradation of anionic and cationic dyes,
the following factors were considered essential variables: pH, initial dye concentration, nanocomposite
content, and exposure time. In this study, the degradation percentage of anionic and cationic dyes
of ZnO-Fe,0, nanocomposite with a ratio of 0.75:1 was 99.89 and 99.9%, respectively. The amount
of band gap was calculated by the Tack plot method and electrical conductivity was calculated using
electrochemical impedance spectroscopy, which reduced the band gap. And the resistance increases.
Due to the acceleration of charge transfer at the heterogeneous junction surface and the suppression of
electron/hole pairs from recombination, the ZnO-Fe,0, nanocomposite significantly increased the visible
light current response.

Keywords: Direct Blue anionic dye, Basic Yellow cationic dye, Visible light, Photocurrent, ZnO-Fe203
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One of the most significant issues facing the
globe now is water pollution [1]. One of the main
global causes of disease and mortality is this
problem. Various contaminants are present in both
surface water and groundwater [2, 3]. Unpleasant
tastes and odors in the water are signs that there are
pollutants present. Different approaches have been
thought to address pollutants depending on their
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source characteristics [4]. Organic matter, minerals,
and physical components are the three categories
into which water contaminants are categorized in
terms of their nature [5-7]. Detergents and food
industry effluents are two major organic water
contaminants [8-10]. Colors [11], medicines [12],
petroleum products [13], ammonia [14], chemical
fertilizers [15], heavy metals [16], plant and tree
vegetation [17], volatile organic matter [18], plant
and tree foliage and volatile organic matter [19].
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Turbidity in water is caused by mineral pollutants,
which may occasionally be observed as suspended
particles in the water [17-19]. Physical pollution
of water resources also includes abrupt changes
in the temperature and acidity of water supplies
caused by human activity. Viruses, bacteria, and
parasites are examples of contaminants with
biological roots[20]. Many businesses, including
the textile [21], rubber [22], and cosmetics [23]
sectors, employ dyes extensively. Over 12,000 many
forms of dyes are used in industry, and hundreds
of tonnes are produced worldwide each year [24].
In addition to giving off a disagreeable look, the
majority of these dyes in nature also impair light
penetration, decrease photosynthetic activity, and
impede biological development. Additionally, the
majority of these colors are harmful and cancer-
causing. Only 2% of all manufactured commercial
colors are released directly into effluents [25]
Therefore, before releasing wastewater into
the environment, the dyes must be removed
[26] Nowadays, heterogeneous photocatalytic
techniques frequently employ semiconductors as
catalysts [27]. With an energy gap of 3.2 electron
volts and an excitation energy of 60 meV, zinc oxide
(ZnO) nanoparticles may be stimulated by UV light
in the 200-400 nm range [28], even in visible light’s
appearance [29]. Maximum absorption is seen in
this material in the 385-360 nm wavelength region.
Oxidized nanostructures are used in a variety of
products, Burn ointments, sunscreen, screens,
rubber, fire extinguishers, extinguishers, pigments
for dye preparation, actuators, nanogenerators,
sensors, transistors, diodes, coatings, solar cell
electrodes, sequential DNA detectors Contrarily,
catalytic nanoparticles are insoluble in the reaction
fluid and are simple to separate [30] because of
their greater dimensions than catalytic particles
that are homogeneous. The nanocatalysts serve
as a conduit for homogeneous and heterogeneous
catalysts due to their highly active surface and
capacity to be separated after the reaction [31-
33] Nanotechnology decreases the quantity of
catalyst, energy, and time needed to complete a
process. Complete the response., the complexity
and expense of making some nanocatalysts can be
disregarded [34].

Iron oxide (Fe,O,), on the other hand, is
appropriate for absorbing wavelengths in the
visible light spectrum and has a relatively small
energy gap [35]. The most significant magnetic
benefit of Fe,O, is the ease with which magnetic
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iron oxide may be readily extracted from solutions
using an external magnetic field. Understanding
the fundamental features of Fe O, is crucial to
determine the photoelectric and photochemical
properties because different semiconductors have
sufficient energy gaps to catalyze a variety of
chemical processes [36, 37]. Due to their chemical,
magnetic, and photoluminescent capabilities, as
well as their application as active components in
gas sensors, ZnO and Fe,O, have been proposed
as luminescence cells in composite particles
made of magnetic nuclei. Potential biological and
biomedical uses for these composite particles
include the detection of cancer cells, germs, and
viruses, as well as magnetic isolation. In most
of the research related to the photocatalytic
degradation of Direct Blue 199 and Basic Yellow 28
dyes, ultraviolet light has been used as a source of
radiation. Ultraviolet light is extremely dangerous
for human skin and has a higher economic cost
than visible light. Therefore, one of the innovations
of this research is the synthesis of photocatalysts
with the ability to act against visible light
radiation. Also, the supply of raw materials in the
photocatalyst synthesis process is from the waste
of the filtration unit of the gas pressure reduction
station, among other innovations used in this
research. With this strategy, the waste cycle of a
unit has become a photocatalytic product that can
remove environmental pollution. In the following,
the comparison of the degradation rate of colors
using other photocatalysts along with photocatalyst
characteristics and test conditions is presented in
Table 1.

EXPERIMENTAL
Materials

Zinc  acetate  Zn(CH,COO),, ethanol
(CH,COOH), hydrochloric acid (HCI), 6H,0.
FeCl, and 4H,0.FeCl, was acquired from Merck
Co for ZnO production, and deionized water was
utilized to prepare solutions.

Synthesis of ZnO

The hydrothermal process was utilized to create
ZnO. Using a magnetic stirrer, a particular amount
of Zn(CH3COO), was dissolved in distilled water,
and a 0.5 M Zn(CH3COO), solution was created.
Then, 20cc of ethanol was added to the clear
solution in a stainless steel autoclave with a Teflon
wall. For 1 hour, samples were produced at 180 °
C. After that, the precipitate was separated using
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Table 1. Comparison of research results with other studies

photocatalysts Target Compound Condition Degradation Efficiency (%) ref
Ce co-doped Ag-ZnO NBB solvothermal method 90% [38]
40 min
solar light
Ag-ZnO/TiO; MB/RhB/MG Hydrothermal method 99% (MB) [39]
(5mg/L) time 120 min 87%(RhB)
Xenon lamp(300 W) 71%(MG)
Au-ZnO/TiO, MO Hydrothermal method 95% [40]
(10 mg/L) time 300 min
Mercury lamp(300 W)
In203/Zn0O RBB Sol-gel method 96% [41]
(50mg/L) time 120 min
sun light
PANI-ZnO MB MG polymerization method 99% [42]
(3.2mg/L) time 180 min
sunlight(300 W)
AgBr-ZnO MB Hydrothermal method 87% [43]
(10 mg/L) time 240 min

LED

a vacuum filter and washed numerous times with
deionized water and ethanol to eliminate salt and
other contaminants. Finally, it was dried for 4
hours at 70 ° C [44].

Synthesis of Fe,0,

To start the chemical production of Fe O,
nanoparticles, a mixture of 0.46 mmol of 6H,0.
FeCl, and 0.3 mmol of 4H,0.FeCl, was used. In
this combination, 6H20.FeCl3 is a mixture of
waste from the filtration unit of the gas pressure
reduction station with Hcl. A magnet was used
to stir the solution in a non-oxidizing solution at
about 60°C for 30 minutes with a stoichiometric
ratio of Fe+2. Then 0.90 mL of NH3, 43% alkaline
hydrolysis was added and another was stirred
at 60°C. Water was poured onto the magnetic
nanoparticles created by the magnet. The

magnet was again used to collect the magnetite
nanoparticles, which were then cleaned and dried
at room temperature. After cooling to ambient
temperature, the product was calcined at 500°C
for 4 hours to completely transform the magnetite
nanoparticles into hematite nanoparticles. After
this, the nanoparticles were collected twice using
a magnet and once with water. The extracts were
washed and dried at room temperature [39].

Synthesis of ZnO-Fe,O,

ZnO-Fe O, nanocomposite was synthesized
using a hydrothermal process similar to ZnO
synthesis. Using a magnetic stirrer, a certain
amount of Zn(CH3COO), was dissolved in distilled
water and a 0.5 M Zn(CH3COO), solution was
created. After that, 20 cc of ethanol together with
Fe,O, was added to the clear solution in a stainless
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steel autoclave. For 1 hour, samples were produced
at 180°C. After autoclaving, the precipitate was
separated using a vacuum filter and washed
repeatedly with deionized water and ethanol to
remove salt and other contaminants. Finally, it was
dried for 4 hours at 70°C.

Characterization

For surface evaluation, FT-IR spectroscopy
(Bruker tensor 27, Germany) was utilized in the
frequency range of 400 to 4000 cm-1. The KBr
pellet method was used to prepare the sample. The
sample to KBr ratio in the synthesized materials was
1:100. In each example, 1 mg of dried material and
100 mg of KBr were homogenized in a transparent
tablet at 200 kg/cm for 5 minutes using a mortar
and pestle. Powder XRD in the 2-extent of 10-80
was performed on the synthesized materials using
a Bruker d8 advanced XRD diffract meter (Cu K,
= 1.5406). The surface morphology of the samples
was studied using a field-emission scanning
electron microscope (FE-SEM: Hitachi S-4160).
Transmission electron microscopy has been used to
examine basic and chemical resources at the nano-
scale.

Photocatalytic test

The standard dye solution was generated at 90 mg/L,
and the requisite concentrations were achieved by
diluting the conventional remedy. The process of
photocatalytic decomposition was then examined in
terms of several experimental conditions, including
pH (2-10), nanocomposite dosage (5-25 mg), dye
concentration (10-90 mg/L), contact duration (60-
240 min), and magnetic nanocomposite ratios. The
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visible light source was a 400 W Metal-halide lamp
power noor company [45]. In a typical experiment,
the pH of the produced dye solution was adjusted
to the proper value, then the catalyst was added,
and the combination was subjected to 60 minutes
of darkness before being irradiated with a metal-
halide lamp. At regular 20-minute intervals, 5 mL
of each aliquot was collected. The schematic of the
laboratory setup is shown in Fig.1.

CO — Ce

removal(%): x100 (1)

C, and C, are the initial and residual

concentrations at time t (min), respectively (mg/L).

Photoelectrochemical test

The electrochemical workstation Autolab
PSGSTAT-204, Metrohm, Netherlands, was used
for the photoelectrochemical studies, which
included photocurrent and electrochemical
impedance spectroscopy (EIS) measurements. As
the reference and counter electrodes, Ag/AgCl and
Pt wire electrodes were employed, respectively. The
functioning electrodes were made in the following
manner: 0.015 g of the prepared photocatalyst
was combined with 0.005 g of PVDF and 60 1 of
N-methyl-2-pyrrolidone (NMP). 20 1 of the slurry
was deposited onto a 1 cm FT'O glass electrode, and
the electrodes were oven dried for a few hours. The
excitation light source was a 400 W Metal Halide
lamp. The electrolyte was 0.1 M Na,SO, aqueous
solution. Electrochemical impedance spectroscopy
(EIS) measurements were carried out at an open
circuit potential throughout a frequency range of
10 kHz to 100 mHz.

RESULTS AND DISCUSSION
FTIR

The FT-IR of the produced ZnO-FeO,
nanocomposite is shown in Fig.2. Peak 3431 cm™ in
this Fig is connected to O-H bonds. The presence of
O-H peaks is critical for increasing photocatalytic
activities. Under certain situations, OH groups
create an electron and a hole, causing the electron to
transfer and react with the pollutant’s free radicals.
The presence of CO, in the air causes the 2428
cm! peak. Peaks 892 cm™ and 835 cm™! show the
production of a ZnO-Fe,O, nanocomposite as well.
Peaks 587 cm™ and 444 cm™ reflect the vibrational
bonds Fe-O and Zn-O, respectively.[46]
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Fig.2. FT-IR Of nanoparticle and nanocomposite
XRD

The XRD pattern of produced ZnO, Fe O,
nanoparticles, and ZnO-Fe,O, nanocomposite is
shown in Fig.3. As can be seen, the XRD pattern for
ZnO (card number 0072-024-00) and iron oxide
(card number 1451-036-00) samples matches to
their standard card, with no extra impurity-related
peak identified. Diffraction peaks associated with
pages (100), (002), (101), (102), (110), (103), (200),
(112),(201), (004), (202) ZnO and diffraction peaks
associated with plates (012), (104), (110), (006),
(113), (202), (024), (116), (018), (214), (300) iron
oxides are shown in Fig. 2, ZnO has a hexagonal
crystal structure and has a lattice constanta = b =
3/3138, ¢ = 3/2366, a = B = 33, and y = 323 and
Fe,0, also has a hexagonal crystal structure and has
a lattice constant o = p = 33, C =35/992,a=b =
3/358 and y = 323. The crystal size of the particles
in the ZnO-Fe,O, nanocomposite was determined
using the Debay-Scherer relationship [47] and was
found to be around 53 nm.

SEM AND TEM

Fig.4 (a)and (b) show SEMimagesrelatedto ZnO
nanoparticles and ZnO/Fe O, nanocomposite. As
seen in Fig.3, the morphology of ZnO nanoparticles
is flower-shaped, and each of these flower-like
clumps consists of many nanometer-sized particles.
In addition, the synthesized nanoparticles have
good uniformity in particle size distribution. With
the addition of iron oxide nanoparticles and the
formation of the nanocomposite, the primary
structure of nanoparticles is changed and the
particles have a variety of sizes, and due to the
nature of magnetic nanoparticles, they assume
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Fig. 3. XRD Of nanoparticle and nanocomposite

a lumpy state. Also, the proper coating of ZnO
nanoparticles on iron oxide nanoparticles and the
cluster structure of the nanocomposite after adding
iron oxide nanoparticles are visible in TEM images
Fig. 5(a,b)

Calibration

To begin research and extensive examinations
of the hues of anionic and cationic dyes, calibration
diagrams were created as seen in Fig.6. In the first
step, the spectrophotometer was used to plot the
spectrum of the dye solution with a concentration
of 1-10 ppm in the range of 200-1100 nm, and it
was discovered that anionic dye has an absorption
peak at 319 wavelength - nanometer and cationic
dye has an absorption peak at 510 wavelength -
nanometer. In the second phase, color solutions
with concentrations ranging from 1-100 ppm were
generated, and their absorption was measured
using a wavelength nanometer and a calibration
diagram was created. The concentration of anionic
and cationic dyes solution is determined using this
diagram. As illustrated in the curve equation, by
substituting solution adsorption for the amount vy,
the quantity x, which indicates the concentration of
the solution, is calculated.

Band gap energy and DRS-UV

Photocatalytic dye degradation can take place
under visible light because ZnO-Fe,O, can easily
absorb some of the visible light. This method
includes dye excitation from the ground state (Dye)
to the triplet excited state (Dye*) under visible light
photons ( > 400 nm). By injecting an electron into
the conduction band of ZnO-Fe O,, this excited
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state dye species is further transformed into a
semi-oxidized radical cation (Dye+ ). Superoxide
radical anions (O, ) are produced as a result of
an interaction between these trapped electrons
and the dissolved oxygen in the system, which
in turn causes the creation of hydroxyl radicals
(OH). The organic molecules shown in Fig. 7 have
been oxidized mostly by these OH radicals [48].
The results obtained from the diffuse reflectance
spectroscopy (DRS) analysis are shown in Fig. 8(a).
The band gap of nanocomposite was calculated

using the following equation:
ahv=A( hv - Eg)"* 4)
The band gap related to the nanocomposite was
calculated as 1.8, which indicates that the samples
can absorb light with a wavelength in the range of
400-800 nm. Accordingly, all samples were active
in the visible region. The photoluminescence (PL)
method is one of the most common techniques for
evaluatingthe photocatalytic properties of materials.
In this regard, information about light quality,
electron-hole (e-h) recombination, structural
defects, and cracks can be obtained. As the intensity
diminishes, the e-h recombination is mitigated. As
shown in Fig. 8(b), the e-h recombination of the
sample is acceptable and therefore, nanocomposite
has the good photocatalytic activity

Photocatalytic degradation

A ZnO-Fe,0, nanocomposite’s behavior as a
photocatalytic degrader of the colors produced
by anionic and cationic dyes was investigated. In
general, the presence of this nanocomposite allows
arange of intermediates to be formed when anionic
and cationic dyes are exposed to a metal halide

lamp, all of which are ultimately transformed into
CO,, H,0, and HCI, which are the end products.
Just as these hydroxyl radicals are crucial in
the oxidation of other organic compounds, HO
hydroxyl radicals and O, anions are good oxidation
agents for the colors of anionic and cationic dyes.
The pH and photocatalytic architecture of the
apparatus, among other factors, all affect how many
of these organisms are present there

The influence of light

To determine the best period for the
deterioration of the anionic and cationic dyes
in the aquatic environment. Fig.9 and 10 depict
experiments that were carried out under the same
settings but at different periods. As a result, 90
minutes of darkness and 210 minutes of full light
were considered. There was minimal change in
eliminating anionic and cationic dyes throughout
the 90 minutes of darkness. Because the adsorption
and desorption processes are completed reasonably
quickly in the first 60 minutes, the dark period
of 60 minutes was taken into account. Up to 150
minutes, there was a very considerable shift in
the duration of metal halide light irradiation, but
after that, the fluctuations were nearly consistent.
So, after 150 minutes of brightness, the degree of
deterioration for ZnO-Fe,O, nanocomposites
in proportion 1: 075 was 92.66%, while the rate
of deterioration for cationic dye for ZnO-Fe,O,
nanocomposite in proportion 1: 075 was 89.54%.
In 180 minutes and 210 minutes, the percentage
of degradation for anionic dye is 94.32% for ZnO-
Fe,O, nanocomposite with a ratio of 1: 075, and
the proportion of deterioration for cationic dye is
90.67% and 91.12% for ZnO-Fe O, nanocomposite
with a ratio of 1: 075. As a result, up to this dark
stage, 60 minutes and 150 minutes of metal halide
light irradiation might be regarded as the best
moment to continue the experiments.

pH effect

The pH of the solution is an essential variable
in photocatalytic reactions because it controls the
surface charge of the semiconductor photocatalyst.
The degradation of Direct Blue 199 color decreased
with an increase in pH, which may be the reason
for the misplaced adsorption of the product at high
pH on the catalyst surface through electrostatic
adsorption. To investigate the effect of pH, a
solution of Direct Blue 199 and Basic Yellow dyes

J. Water Environ. Nanotechnol., 8(1): 52-65 Winter 2023
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with a concentration of 50 mg/liter was prepared
and with the help of a pH meter, the pH was
adjusted to 3 and 5 with the help of HCl and the pH
was adjusted to 9 and 11 with the help of NaOH.
and in 60 minutes of darkness and 180 minutes
of light, the amount of degradation of Direct Blue
199 and Basic Yellow colors was measured in the
presence of a metal halide lamp, and based on
the results obtained (Fig.10 and 11), which is also
shown in Fig. 9, the highest amount of degradation
Direct Blue 199 color was obtained from aqueous
solution at pH=2 equal to 98.21 and the maximum
degradation value of Basic Yellow color was
obtained from aqueous solution at pH=10 equal to
98.88 and this pH was selected as optimal pH in the
continuation of the research (Fig.11).
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Effect of photocatalyst dosage

The impact of photocatalyst amount was
looked into by adding 5, 10, 20, 15, and 25 mg
of ZnO-Fe O, nanocomposite, and the result
demonstrated that increasing the mass to 15
mg increased degradation efficiency, and the
continuous result demonstrated occurred. The
reason for this is that as the amount of catalyst
grows, so does the number of active sites,
increasing the degrading efficiency. However,
increasing the quantity of the catalyst raises the
turbidity of the solution, lowering visible light
penetration and preventing light from reaching
and exciting the catalyst surface. As well as water
excitation and hydroxyl radical formation as
a result, the catalyst deteriorates, resulting in
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lower efficiency. Fig.12 depicts the findings of
an investigation into the influence of a ZnO-
Fe,O, nanocomposite photocatalyst on the
deterioration effect of anionic and cationic dyes.

Effect of initial concentration

The influence of the starting concentration
of anionic and cationic dyes on photocatalytic
degradation performance was examined using
nanocatalysts with varying dye concentrations
(20, 40, 60, 80, and 100 mg/L). Fig.13
demonstrates that increasing the concentration
of anionic and cationic dyes from 20 to 100 mg/L
reduces degradation efficiency, which might be
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Fig. 10. Influence of Light and Darkness on Penetration
Efficiency of cationic dyes, pH: 7, Initial Concentration of
Dye Solution: 50 ppm, Temperature of Dye Solution: 25°C,
Absorbance: 12 mg
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Dosage (mg)
Fig. 12. Influence of photocatalyst cost on the degradation
performance of anionic and cationic dyes, pH: 7 Initial concentration

of dye solution: 50 ppm, dye solution temperature: 25 ° C and
duration of darkness 60 minutes and brightness 150 minutes

attributed to the saturation of the active sites in
the adsorbent and lower light penetration. To
limit the degradation of anionic and cationic
dyes in the solution at greater concentrations,
a concentration of 60 mg/L was deemed the
best concentration of anionic and cationic dyes
for this investigation. This dye’s photocatalytic
breakdown 1is nearly complete at its initial
concentration.

Temperature effect

Temperature effects on  photocatalytic
degradation of anionic and cationic dyes hues
were studied at three different temperatures:

J. Water Environ. Nanotechnol., 8(1): 52-65 Winter 2023
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25, 50, and 80 ° C. The data showed that the
degradation efficiency of anionic and cationic
dyes reduced with rising temperature, as
shown in Fig.14, total deterioration at standard
temperature happened 40 minutes faster than
at other temperatures. It helps to improve the
efficiency of this photocatalyst in the degradation
process. As a result, the ideal in this experiment,
the temperature was 25 degrees Celsius.

Catalyst recovery

Based on the best circumstances that resulted
in a complete breakdown of anionic and cationic
chemical dyes in 150 minutes of light following
the degradation process in the first sample, the
solution was developed to assess if ZnO-Fe,O,
nanocomposite may be reused after photocatalytic
removal. A new dye of anionic and cationic dyes
was prepared, and the percentage of degradation
was recalculated in 150 minutes with the same
optimal conditions. This process was repeated up
to five times with the same nanocomposite, and
the recovery percentage of this nanoparticle was up
to five hours. The findings were computed and are
shown in Fig.15.

Photoelectrochemical evaluation

The photocurrent transient response is an
effective tool for assessing the photoresponse of
composite photocatalysts. The chronoamperogram
of ZnO and ZnO-Fe,O, electrodes is shown in
Fig.16. Photocurrents were more significant
in the ZnO-Fe O, electrode than in the ZnO
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electrode. The smaller band gap of the ZnO-
Fe,O, nanocomposite led to increased visible light
absorption, resulting in higher photocurrent [49].
Because of the presence of Fe O, in this electrode,
this rise suggested the highest photo electrocatalytic
activity, i.e., maximal charge transfer and minimal
charge carrier recombination [50-52].

EIS analysis was used to assess the charge
transfer resistance and separation efliciency of
photogenerated electrons [52]. The EIS spectrum’s
impedance arc radius represents the interface
layer resistance at the electrode surface, and the
smaller the impedance arc radius, the better the
charge transfer efficiency (Fig.17). The impedance
arc radius of ZnO-Fe O, in radiation settings is
less than that of ZnO in both dark and radiation
settings, indicating that the ZnO-Fe, O, electrode
has less electrochemical resistance and more
intense interfacial charge transfer than the ZnO
electrode. The decrease in the band gap in the
ZnO-Fe O, electrode (as compared to the ZnO
electrode) increased the charge carriers at the
photocatalyst surface (during light irradiation).
The addition of Fe,O, reduced the band gap of the
ZnO band structure, which increased the charge
Transfer efficiency on the ZnO-Fe,O, electrode
surface during photoelectrochemical processes [28,
29, 53].

CONCLUSION

Industrial effluent pollution of water resources
has resulted in several environmental challenges in
moderncivilization. Pollutantsinindustrial effluents
include organic molecules that are colored, such as



A. E. Amoli et al. / Visible light mediated photocatalytic anionic and cationic dyes degradation

[l Direct Blue 199
ll basic yellow 28

100
©
2 cE |2
fe 2 N = ©|lo ||
80 - N = |l ©f|©
o~ FNIES
R
s
= 60 &
@© =
el |
& "
g
O 404
20

1 2 3 4 5
Cycle

Fig. 15. Recovery percentage of ZnO-Fe,O, nanocomposite

a

350000

300000

250000 -

200000

-7"(Q)

150000

100000 :
o —a—/n0 light

50000 4 —o—7n0 dark

04

T . T T
0 10000 20000 30000 40000 50000
ALY

Current (mA/cmz)
o o o
o o o
[=3 o (=3
o o [~
B o ©
1 1 1

I

ZnO/Fe,0,

-0.0002 : . . —7Zn0
0 20 40 60 80 100

Time (s)

- WL UL

0.0000

Fig. 16. Photocurrent responses of ZnO and ZnO-Fe,O, nano-
composite profiles

35000

30000

25000

20000

” Z"(ﬂ)

15000

10000

5000 - —=—7n0/Fe,0, dark

~e—7n0/Fe,0 light

T T T T
0 10000 20000 30000 40000 50000
YA(S)]
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anionic and cationic dyes. Their presence in water
inhibits sunlight from penetrating the depths of
rivers, disrupting photosynthesis, and on the other
hand stimulates the fast development of particular
forms of algae, reducing water-soluble oxygen and
preventing light from reaching aquatic organisms.
In this work, a simple hydrothermal approach was
used to create a ZnO-Fe O, nanocomposite, and
The nanocomposite’s morphological and structural
characteristics were investigated using XRD, FE-
SEM, and FT-IR methods. The photocatalytic
activity of the synthesized nanocomposite in
eliminating the hues of anionic and cationic dyes
from an aqueous medium was studied by irradiating
a metal halide lamp for 60 minutes of darkness and
150 minutes of light. The influence of pH, catalyst
dosage, dye concentration, and temperature on
the molecular breakdown of anionic and cationic
dyes was studied. The findings demonstrated full
photocatalytic destruction of anionic dye in acidic

circumstances pH = 2 and 25 ° C with a dosage
of 15 mg, as well as photocatalytic degradation
of cationic dye in game conditions pH = 10 and
25 ° C with a dose of 15 mg. of nanocatalyst (15
mg) The benefits of this nanocomposite in the
process of degradation of anionic and cationic dyes
molecules include its good photocatalytic action,
high stability, and low dosage. Experiment findings
indicated that the ZnO-Fe O, nanocomposite has
a substantial ability to degrade the anionic and
cationic dyes from aqueous solution, and its usage
in the treatment of effluents containing this dye is
suggested.
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