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Abstract: Renewable energy can be harnessed from wastewater, whether from municipalities or
industries, but this potential is often ignored. The world generates over 900 km? of wastewater
annually, which is typically treated through energy-consuming processes, despite its potential for
energy production. Environmental pollution is a most important and serious issue for all and
their adulterations to the aquatic system are very toxic in very low concentrations. Photocatalysis
is a prominent approach to eliminating risky elements from the environment. The present study
developed Zinc oxide (ZnO), Copper-doped Zinc oxide (CuZnO), and Cobalt-doped Zinc oxide
(CoZnO) nanostructures (NSs) by facile hydrothermal route. The crystalline and structural stability
of the synthesized nanostructures were evident from XRD and FESEM analysis. Metal, and oxygen
bond and their interaction on the surfaces and their valency were explored from XPS spectra. Optical
orientations and electron movements were revealed from UV-Visible analysis. After 100 min exposure
time with 1 g of catalyst concentration 60%, 70%, and 89% of dye degraded, for dye concentration
(5mg/L to 50 mg/L), the huge variation observed (70% to 22%), (80% to 16%), (94% to 10%). The
highest photodegradation rate (55%, 75%, 90%) was observed on pH~12 using ZnO, CoZnO, and
CuZnO respectively. Photodegradation of methylene blue confirmed the largest surface area, rate
of recombination, photo-excited charge carriers, photo-sensitivity range, and radical generations of
Zn0O, CuZnO, and CoZnO. The present study, therefore, suggested that CuZnO would be preferred
to produce nanomaterials for industrial wastewater treatment like methylene.

Keywords: cobalt; copper; metal doped; photodegradation; wastewater treatment; zinc oxide
nanostructures
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1. Introduction

In a few decades, the utilization of oxides of transition metals as a catalyst for pho-
todegradation has increased when transition metals are doped into oxides the crystal defect
is increased, and the optical band is modified because of this change in absorbance to a
longer wavelength. However, among several semiconductors photocatalysts, zinc oxide
(ZnO) has been employed extensively for the breakdown of organic contaminants. Because
at room temperature ZnO has a wide direct band gap of 3.37 eV and has a substantial
exciton binding energy in the 60 MeV range. Therefore, ZnO nanoparticles (NPs) gained
a lot of attention and have a broad range of applications. In the last ten years, several
reports have discussed the potential use of ZnO nanostructures (NSs) with a variety of
morphologies, i.e., nanoparticles (NPs), nanoflowers, nanoballs, and nanorods, for the
photocatalytic degradation of organic pollutants. To provide a few examples from the
literature, Kumaresan et al. reported a modest fluctuation in the optical band gap of ZnO
as a function of particle size [1]. This may be accomplished by modifying the different
synthesis procedures with different morphologies and sizes, including chemical vapor
deposition ablation, sol-gel method polyol process, microemulsion techniques, and hy-
drothermal techniques. Furthermore, the hydrothermal technique makes it possible to
generate ZnO nanoparticles that have narrowed size distribution, high crystalline quality,
and a controlled morphology. This approach acts as a surfactant, and stabilizing agent,
and prevents the NPs from agglomerating because of the aggregation of the NPs. Many
researchers have focused on developing heterojunctions of ZnO with other semiconductors
having narrow bandgaps [2]. One method to reduce the limitations, and improve catalytic
capabilities is to dope metal ions into ZnO photocatalysts. Because of this modification,
the photocatalytic efficiency of ZnO will be enhanced and resulting in the photo-generated
electron-hole pairs separation and the improvement of ZnQO's ability to absorb visible light.
Therefore, several different techniques for the treatment of industrial wastewater have
been applied to the process of degrading organic dyes. When looking at available options,
photocatalysis stands out as the most eco-friendly method since it consumes sustainable,
renewable solar energy and operates at ambient temperature and pressure [3,4]. In recent
years, semiconductor photocatalysts including BN [5] ZnO [6], TiO; [7], and AgpO [8] have
seen widespread use in the treatment of wastewater. The CuZnO nanorods have a superior
photocatalytic ability for the breakdown of diuron under UV light. Due to their unique
structure, homogeneous shape, composition, and photocatalytic ability, CuZnO NPs are
anticipated to bring fresh insights into a variety of applications, including solar cells and
wastewater treatment. According to Awais et al. [9] research, hydrothermally produced
Zn0O and CuZnO-NPs were studied to determine their photocatalytic degradation capa-
bilities for the removal of dye contaminants. Degradation of the MB dye was observed
to be related to irradiation duration, with 2 h exposure to a UV source 94% of MB dye
was destroyed. Dye degradation is also inversely proportional to MB dye concentration,
decreasing from 94% to 20% as MB concentration is increased from 5% to 80%. Co is a
highly desired and most efficient transition metal dopant for adjusting the electrical and
optical properties of ZnO [10]. Lu et al. [11] used a simple hydrothermal technique to
photo-catalytically active CoZnO nanorods that can destroy alizarin red dye up to 93%
within 1 h. The insertion of Co not only improved charge separation and transfer capacity
but also successfully blocked the recombination of photo-generated charge carriers in ZnO,
leading to a high photodegradation. Sini Kuriakos et al. [12] found that nanodisks and
nanorods of CoZnO have far higher photodegradation than pure ones. The increased
surface area and charge separation efficiency of ZnO nanodisks due to optimum Co doping
limit photogenerated charge carrier recombination, resulting in enhanced photodegrada-
tion. CoZnO nanostructures may boost photocatalytic activity. Goswami et al. [13] claimed
that the synthesis approach used in this work is successful in replacing Co?" ions in the
ZnO lattice and generating the most efficient photocatalyst for the breakdown of organic
contaminants for wastewater purification.
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In the current work, ZnO, CuZnO, and CoZnO NSs were synthesized using a hy-
drothermal technique that is both efficient and inexpensive. MB was used to evaluate the
photodegradation activity of the produced ZnO, CuZnO, and CoZnO NSs. Other factors
that influence photodegradation efficiency were also evaluated. These included catalyst
concentration, initial hydrogen potential (pH), and dye concentration. The synthesized
photocatalyst will be used as wastewater treatment materials.

2. Materials and Methods
2.1. Materials

Cobalt-III chloride hexahydrate (CoCl;-6H;0), Zinc chloride (ZnCl,), Copper chloride
dihydrate (CuCly-2H,0), Potassium hydroxide (KOH), and Methylene blue (MB) were
purchased from Sigma-Aldrich.

2.2. Synthesis of ZnO, CuZnO, and CoZnO Nanostructures

Highly crystalline ZnO, CuZnO, and CoZnO-NSs have been synthesized by using
CoCl3-6H,0, CuCl,-2H,0, ZnCl,, and KOH as precursors. Initially, 1.6 g of ZnCl, and
0.8 g of KOH are combined in 40 mL of deionized water separately under continuous
stirring at room temperature for pure ZnO. For doping Cu and Co in ZnO; CoCl3-6H,0
and CuCl,-2H,0 was added to get a ratio of 1:4 for each sample. Afterward, a dropwise
addition of KOH solution was made to get a precipitate. As a result, the solution was
agitated for 30 min at room temperature before being maintained at 150 °C for 18 h. The
precipitate was first washed with double-distilled water, followed by ethanol, and then
dried for 30 min at 80 °C. The whole process is demonstrated as a schematic illustration in
Figure 1.
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Degradation \
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Figure 1. Schematic illustration for the complete process (synthesis to dye degradation).

2.3. Photodegradation Procedure

The photodegradation efficiency of the synthesized photocatalyst was observed using
a double UV-visible spectrophotometer (model Shimadzu UV-1700). In the typical process,
0.8 g of each photocatalyst was used in a 5 mg/mL MB dye concentration. The solution
was exposed to UV light while placed on a magnetic stirrer for 15 min in dark before
degradation analysis. Furthermore, a 400 W tungsten lamp was used as a light source
with a distance of 20 cm. To analyze the efficiency of a photocatalyst after its exposure
to UV light, the solution was collected every 20 min interval. To test the recyclability of
the photocatalyst, centrifugation was performed to separate the photocatalyst from the
MB solution.
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3. Results and Discussion
3.1. FESEM Analysis

Figure 2a—f shows the FE-SEM micrographs of the synthesized ZnO, and its nanos-
tructure derivatives CuZnO and CoZnO. The results revealed the morphology, size, and
shape of ZnO at low (10,000 x) and high (20,000 x) magnification, the images appear to
be nanosheet-like morphology as shown in Figure 2a,b respectively. On the other hand,
after the trimming process due to the addition of metal salt solution like Cu or Co ions as
precursors, CuZnO and CoZnO structures were obtained. In the case of Cu ions, it is found
that the bulk particles converted to very small discrete particles at the bottom that are
adjacent to each other and look like cotton with gray color as seen in Figure 2c at (10,000 %)
magnifications, while in Figure 2d at (20,000 x) magnification, it shows larger size white
particles at the top of the image. It consists of agglomerated small particles; this may be due
to the synthesized bulk ZnO that formed at the beginning of reactions which can degrade
by the catalytic reaction using Cu ions to a nanosized range. Then these nanoparticles
may agglomerate into large particles due to the inability of the KOH components as a
capping agent. In this regard, when Co ions are used as precursors instead of the Cu ions,
they have a higher ability for the degradation of the ZnO bulk than that observed in the
case of the Cu ions. It gives a discrete or individual cuboid shape structure in a random
configuration as shown in Figure 2e at the lower magnification (5000 x). Figure 2f shows
the higher magnification FE-SEM micrograph of CoZnO at (10,000x), it is observed clearly,
the larger size crystals as well as the smaller cuboid nanocrystals. These results refer to the
growth and doping process which starts with smaller particles, then develops into smaller
cuboid shape structures which complete their growth during the reaction until the end of
the experimental time of 18 h. These results revealed that the growth and condensation
of the CoZnO continued for a duration of time. Moreover, in comparison between the
synthesized ZnO derivatives structure, it is observed that the particle size of CuZnO is
smaller than CoZnO, thus it is concluded that the degradation or trimming process of the
ZnO bulk depends on the type of the metal ion used for trimming and the growth duration
time, i.e., the obtained particles size can be controlled by these factors.

3.2. X-ray Diffraction Analysis

The structure, phase, and crystallite size of the synthesized material are analyzed using
XRD. It is an analytical technique used to determine the size and nature of the material. It
depends on the position and intensities of the appeared peaks. The XRD patterns of ZnO,
CuZnO, and CoZnO are displayed in Figure 3. Each diffraction peak’s miller indices have
been calculated, and they support the synthesis of CuZnO and CoZnO in the sample. Miller
indices values of each diffraction peak of CoZnO appear at 31.73, 34.63, 36.20, 47.48, 56.56,
62.79, 66.33, 67.89, and 69.05. The diffraction pattern of the sample was compared with
the reference database from the “inorganic crystal structure database” (ICSD), card/file no.
01-076-0704, and crystalline phases were recognized using X'Pert High Score. Additionally,
the sample showed low-intensity peaks, which are connected to the presence of Co-based
oxides (Co,03 and Co0Q). In addition, Co,0O3 has an antiferromagnetic nature, leading to
an increasing Co atomic percentage and samples” magnetization. Cobalt (II) oxide, often
known as CoO, exists in two stable phases: hexagonal wurtzite and cubic rock salt. Given
that CoO may also form hexagonal crystals and that Co?* and Zn?* have ionic radii of 0.745
and 0.74, respectively, changes in size and doping should not significantly affect the lattice
parameters. An increase in Co content in ZnO causes a change in parameters [14,15]. In this
respect, this figure also exhibits, the XRD pattern containing peaks of CuZnO which appear
at 31.97°, 36.44°, 39.71°, 50.07°, 53.59°, 56.77, 61.71°, 66.54°, 68.08 and 69.29° corresponds
to hexagonal wurtzite ZnO and CuZnO respectively (ICSD card No. 89-7102) [16,17].
Additional peaks in the XRD pattern can be found at 30.9, 38.8, 44.5, 50.2, and 53.5. Cu (1)
oxide is represented by the peaks at 30.9, 38.8, and 53.5, whereas the peaks at 44.5 and 50.2
are attributed to the FCC phase of copper [18]. Cu doping in ZnO is shown by the presence
of Cu and CuO.
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Figure 2. FESEM images to study the morphology, size, and shape of the synthesized ZnO and
metal-doped NSs (a,b) ZnO (c,d) CuZnO, (e,f) CoZnO.

The Full Width at Half Maximum (FWHM) measurements was conducted to identify
the nanoparticle sizes based on the earlier available data. From the XRD pattern, the mean
particle diameter of CuZnO and CoZnO was determined. The size of the nanoparticles was
calculated using the Scherer Equation (1).

kA
- Bcosb @

where average crystallite size is represented by “D”, K represents Scherrer constant, which
has a value of 0.94, A, § & 0 represents X-ray wavelength, full width at half maximum, and
Braggs angle, respectively. These calculations show that CuZnO has an average particle
size of 38.91 nm, while CoZnO has 58.74 nm, i.e., CuZnO has particles of smaller size than
CoZnO, these results also confirm the (FE-SEM) results.
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Figure 3. XRD spectrum of ZnO, CuZnO, and CoZnO nanostructures.

3.3. X-ray Photoelectron Spectroscopy

The chemical compositions, valence states, and bonding characteristics of ZnO, CuZnO
and CoZnO determined using XPS are shown in Figure 4. Zn 2p, Cu 2p, Co 2p, and O 1s
peaks were found and almost no precursor materials or magnetic impurities were detected
in the samples. The XPS survey is shown in Figure 4a, and the spots have been identified
with the respective binding energies of the individual elements. Along with Zn 2p and O
1s peaks, the survey indicates the high intensities of Cu 2p and Co 2p peaks for Cu and
Co contents. In Figure 4b, two noticeable peaks correspond to the spin-orbits of Zn 2p3/2
and Zn 2p1/2 with binding energies of 1022.1 and 1045.2 eV, respectively. A minimal peak
shift is noticed while comparing CuZnO and Co ZnO samples which are mostly related
to chemical or oxidation states. Figure 4c displays high-resolution Gaussian-fitted XPS
scans. The Cu core level splits into Cu 2p3,, and Cu 2p; /, with binding energies of 934.1
and 954.3 eV. These results are consistent with the hypothesis that Cu appears to be in a
bivalent valence state [19]. Another factor connected to the satellite peak noticed in the
940-945 eV band is a cupric oxide (Cu?*) [20]. This demonstrates that Cu ions (Cu?*) were
substituted at the Zn?* region in the ZnO crystal after being oxidized in ZnO. Figure 4d
displays the Co 2p peaks along with the Co 2p3,, peak and Co 2p;,, peak, which are
respectively located at 780 eV and 796 eV. The incorporation of CO?* is indicated by the
binding energy difference (16 eV) observed between the two Co 2p peaks. Thus, the XPS
analysis shows that the substitution of Cu?* and Co?* on Zn?* lattice sites is successful
with no additional impurities in the ZnO lattice [21]. Additionally, a C 1s signal is found on
285 eV, which may be caused by hydrocarbon contamination possibly due to exposure of
the material to air before analysis.
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Figure 4. (a) XPS survey of CoZnO and CuZnO, (b) high-resolution Zn 2p peaks, (c) high resolution
Cu 2p peaks, and (d) high-resolution Cu 2p peaks.

3.4. Raman Spectroscopy

Raman spectroscopic analysis of the synthesized materials was carried out to analyze
defects in the structure, lattice disorder, and dopant incorporation in the material. The
non-destructive analysis was carried out in the range of 300-600 nm [22]. The as-obtained
Raman spectrum for ZnO, CuZnO, and CoZnO as shown in Figure 5 has three main peaks
around 355 cm™1, 434 cm~1 and 493 cm™1, respectively. Eo;H-E;L modes, transverse
optical (TO) modes, and E; (high) modes are responsible for these peaks. The peaks at
350 cm~!, 352 em™!, and 373 cm ™! correspond to the E;H-E;L modes of ZnO, CuZnO, and
CoZnO, respectively. The peaks at 493 cm~!, 493 cm~!, and 496 cm~! are related to E,
(high) nonpolar phonon modes of ZnO, CuZnO, and CoZnO, respectively. CuZnO and
CoZnO peaks are moved toward higher frequencies in contrast to pure ZnO [23]. The TO
mode of vibration is assigned to the high-intensity peaks at 382 cm ™!, 382.5 cm !, and
383 cm™~! [24,25]. According to the published literature, the host lattice defects such as
Zn interstitials and oxygen vacancies are responsible for the Raman peak at 547 cm ™!,
and 548 cm~! in the Raman spectrum of the CuZnO and CoZnO. In other terms, this
substantially supports the doping of Cu?* and Co?* into the ZnO lattice [24,26].
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Figure 5. Raman spectrum of the study of ZnO, CuZnO, and CoZnO.

3.5. Photoluminescence Spectroscopy

The optical characteristics of the synthesized materials, including the impact of Cu and
Co incorporation in ZnO, were investigated using photoluminescence spectroscopy (PL).
The PL spectra of pure and doped materials are shown in Figure 6. The spectrum shows
two emission bands for ZnO, including weak (UV) and strong (visible) ranges. Crystal
defects and exciton-related transitions could be the potential reasons for strong visible and
weak UV emissions [27]. It is confirmed that Co and Cu have a +2 valence state in ZnO. PL
spectra were observed in UV and Vis ranges for all analyzed materials. Weak UV bands
were observed on 379 nm, 391 nm, and 374 nm in ZnO, CuZnO, and CoZnO respectively,
and appeared due to band-to-band exciton transitions. Strong emission bands in the visible
range at 537 nm, 569 nm, and 571 nm are formed by the electronic transition in the defect
levels for ZnO, CuZnO, and CoZnO band gap. Thus, the relative energy levels and band
gap of —sub-band gap defect states can both be investigated using PL spectra. Oxygen
vacancies are responsible to produce the green emission at 537 nm, 569 nm, and 571 nm [28].
The broad PL spectra made it impossible to differentiate between the UV and Vis bands.

3.6. Dye Degradation Analysis

The degradation or trimming process of methylene blue (MB) using ZnO, CuZnO,
and CoZnO photocatalysts involves the generation of reactive oxygen species (ROS) upon
irradiation with light. These ROS, such as hydroxyl radicals (¢OH), superoxide radicals
(#0?7), and hydrogen peroxide (H,05), can then react with MB molecules and break them
down into smaller, less harmful compounds.

In the case of ZnO, the degradation mechanism involves the excitation of electrons
from the valence band to the conduction band of ZnO upon absorption of light. These
excited electrons can then react with oxygen molecules to form superoxide radicals (¢0?™),
which can further react with water to form hydroxyl radicals (¢OH). The hydroxyl radicals
can then react with MB molecules and break them down into smaller compounds.
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Figure 6. Photoluminescence spectra of ZnO, CoZnO and CuZnO.

For CuZnO and CoZnO photocatalysts, the mechanism is similar, but the presence
of Cu or Co can enhance the photocatalytic activity of ZnO. In CuZnO photocatalysts,
the Cu dopant can act as an electron trap, increasing the excited electrons’ lifetime and
improving ROS generation efficiency. Additionally, Cu can also form surface complexes
with MB, facilitating its adsorption onto the catalyst surface and increasing the probability
of degradation. In CoZnO photocatalysts, the Co dopant can act as a nucleation agent,
promoting crystal growth and forming larger particles with higher surface area. This
increased surface area can provide more sites for MB adsorption and degradation.

Overall, the degradation or trimming process of MB using ZnO, CuZnO, and CoZnO
photocatalysts involves the generation of ROS, which can react with MB molecules and
break them down into smaller, less harmful compounds. The presence of dopants such
as Cu or Co can enhance the photocatalytic activity of ZnO and improve the efficiency of
MB degradation.

3.6.1. Effect of pH

Initially, the effect of pH was checked on the photodegradation of MB dye ranged 2-12
in the presence of a synthesized efficient photocatalyst, with dye concentration = 5 mg/L
and catalyst dose = 1 g/L with a contact time of 100 min as illustrated in Figure 7. It can
be assumed that for a catalyst, the absorption behavior and surface charge properties are
affected by pH of a solution [29]. A substantial increase is observed in dye degradation with
an increase in pH value and attains its higher value in the basic pH range (12). As a result,
the catalyst surfaces were intensely electrified and became negatively charged at higher
pH levels, and the decolorization of MB dye was improved. The highest photodegradation
rate (55%, 75%, 90%) is observed on pH~12 while using various pH ranges of ZnO, CoZnO,
and CuZnO.
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3.6.2. Effect of Initial Dye Concentration

The catalyst effectiveness was also checked at enhanced pH-12 with different concentra-
tions of methylene blue dye ranging from 5-50 mg/L used to access the photodegradation
at the initial concentration of 5 mg/L as clearly shown in Figure 8. The photodegradation
rate of dyes decreases with the initial concentration increase. It may be due to the concen-
tration of dyes increasing the access of dyes molecules attached to the surface of the catalyst.
The amount of hydroxyl group radicals on the photocatalyst surface will either remain
constant for a given irradiation time, light intensity, and catalyst dose or the active sites of
the photocatalyst will be lowered as the dye concentration increases [30]. The amount of
hydroxyl radicals formed is insufficient to allow the dye to degrade at high concentrations.
As a result, photodegradation performance decreases with an increase in dye concentration.
Dye degradation is also inversely proportional to MB dye concentration, decreasing from
(70% to 22%), (80% to 16%), and (94% to 10%) for ZnO, CoZnO, and CuZnO, respectively
as MB concentration is increased from 5 mg/L to 50 mg/L.

3.6.3. Effect of Contact Time

The effect of time on the photodegradation of MB dye was analyzed using a fixed
amount of ZnO, CoZnO, and CuZnO catalyst (1 g/L), pH = 12, and 5 mg/L of dye. The
relations between the contact time of the photocatalyst and the photodegradation of MB dye
were studied as shown in Figure 9. The degradation of MB has been found to increase with
increasing catalyst exposure time [31]. The graph shows that the degradation rate initially
lowers due to the non-availability of a large number of active sites, and repulsion between
the catalyst surface and dye particles. Degradation of the dyes is related to irradiation
duration, with 60%, 70%, and 89% of the MB dye being destroyed using ZnO, CoZnO and
CuZnO in 100 min.
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Figure 8. Effect of dye concentration on the dye degradation behavior of photocatalysts.
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Figure 9. Effect of time on the dye degradation behavior of ZnO, CuZnO, and CoZnO.
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3.6.4. Effect of Catalyst Dose

The degradation percentage was also checked at different amounts of catalyst by
keeping other experimental condition constant (pH = 12, dye concentration 5 mg/L, and
contact time 100 min). The photodegradation was carried out by various doses of the
catalyst (0.1-1 g/L). Figure 10 explicitly states that the particle-to-particle interface improves
as catalyst concentration rises, and this is the main factor limiting photocatalysts absorbing
light. Additionally, photons are unable to penetrate the catalyst’s inner layers due to the
agglomerations [32]. As a result, fewer catalyst particles are stimulated, which results in
a lower number of electrons/holes and hydroxyl radicals being formed. Therefore. the
rate of degradation tends to slow down as the catalyst dose rises [33]. Direct variation is
observed in catalyst concentration analysis as 60%, 70%, and 89% dye degraded for ZnO,
CoZnO, and CuZnO using a 1 g photocatalyst.

90
god —=—/n0O

704 —®—CoZn0O
—a&— CuZnO
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40 -

30 =

Degradation (%)
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Figure 10. Effect of photocatalyst amount on MB dye degradation.

Photodegradation behavior of MB dye when exposed for 100 min using ZnO, CoZnO
and CuZnO photocatalysts is shown in Figure 11. The study further determined the opti-
mal nanocatalyst recyclability for the photodegradation of MB dye. After five consecutive
photodegradation tests employing the same catalyst, the metal oxide nanocatalyst demon-
strated adequate stability; however, the photodegradation yield decreased by 45% and 15%
after the first and fifth cycles. After five cycles, recycling studies reveal that photostability
is retained following the doping process, indicating that CuZnO and CoZnO are effective
as recyclable photocatalysts for sunlight-driven photodegradation.
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Figure 11. Complete photodegradation behavior of MB dye in 100 min using (a) ZnO, (b) CoZnO,
and (c) CuZnO photocatalysts.

4. Conclusions

In this study morphological, structural, and spectroscopic analysis of ZnO, CuZnO,
and CoZnO is presented in detail. XPS indicates that Co and Cu were incorporated inside
Zn0O after doping. Besides, the photocatalysis test indicated that degradation of the dyes
is related to irradiation duration, with 60%, 70%, and 89% of the MB dye being destroyed
using ZnO, CoZnO, and CuZnO in 100 min. Direct variation is observed in catalyst concen-
tration analysis as 60%, 70%, and 89% dye degraded for ZnO, CoZnO and CuZnO using
1 g photocatalyst. Dye degradation is also inversely proportional to MB dye concentration,
decreasing from (70% to 22%), (80% to 16%), and (94% to 10%) for ZnO, CoZnO and CuZnO,
respectively as MB concentration is increased from 5 mg/L to 50 mg/L. The highest pho-
todegradation rate (55%, 75%, 90%) is observed on pH~12 while using various pH ranges
of ZnO, CoZnO and CuZnO. Finally, the photodegradation percentage for CuZnO is higher
than that for CoZnO and pure ZnO. As a result of enhanced photodegradation efficiency
against MB dye, CuZnO can be used in wastewater treatment materials.
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