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Abstract: In this study, zinc oxide (ZnO) nanorods were grown on substrates with and without a seed layer using
a hydrothermal process. WO3 nanoparticles were then coated onto the ZnO nanorods using the spin coating
method. Techniques such as XRD, SEM, EDX, and UV-Vis DRS were employed to analyze the phase,
microstructure, and photocatalytic properties. The results showed that the morphology of ZnO nanoparticles and
nanorods, whether with or without a seed layer, significantly affected their photocatalytic properties. Additionally,
the band gap size in the presence of WO3 influenced the performance of the ZnO/WO; core-shell structure. ZnO
nanorods with a seed layer exhibited a more uniform and orderly morphology compared to those without. The
ZnO/WO3 nanocomposite also improved dye photodegradation efficiency by enhancing electron-hole separation
and reducing recombination. The experiments were designed and analyzed using the Taguchi method, which
determined the number of experiments and assessed the effects of pH, time, initial methylene green concentration,
and stirring speed on the photocatalytic degradation of methylene green by ZnO nanoparticles, nanorods, and the
ZnO/WO; catalyst using ANOVA. The findings revealed that the initial methylene green concentration and pH
had the most significant impact on the photocatalytic process, with removal rates reaching 70.2% for ZnO nanorods

with a seed layer and 82.3% for the ZnO/WO; composite.
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1. INTRODUCTION

Among  semiconductor  materials used as
photocatalysts for eliminating environmental pollutants,
ZnO has garnered significant attention (Samadi et al.
2016; Ebrahimi et al., 2017). Research has highlighted
the importance of designing one-dimensional ZnO
nanomaterials (Huang et al., 2001). Various chemical,
electrochemical, and physical deposition methods have
been reported to achieve oriented structures of ZnO
nanorods and nanowires. In the hydrothermal method,
primary salts are placed in an autoclave where, under
controlled high temperature and pressure, the desired
nanostructure grows. By varying the concentration and
type of raw materials, temperature, pressure, and process
time, a wide range of nanostructures can be obtained
(Kurudirek et al., 2017; Ghasaban et al., 2017). The
present research produced ZnO nanorods using the
hydrothermal method, which is environmentally friendly,
highly efficient, low-cost, and economically significant.
Among transition metal oxides, tungsten oxide (WOs3) is

notable as a semiconductor with a wide energy gap,
useful in detecting various gases such as NOx, H-S, Ha,
and NHs, and possessing electro chromic properties for
various applications (Zhao et al., 2000; Koltypin et al.,
2002). ZnO with one-dimensional nanostructures, such
as nanowires and nanorods, exhibits unique
optoelectronic and electronic properties (Wang, 2007; Li
et al., 2009). ZnO's nanostructures surface, when
combined with other conductors, holds potential
applications in ultraviolet optoelectronics (Li et al.,
2009). The Taguchi method is a valuable tool for solving
complex problems with few variables and minimal tests
across various fields. It involves designing an
experimental procedure using orthogonal arrays,
allowing independent evaluation of factors through a
small number of experiments (Naghibi et al., 2014;
Abdul-Rani & Mahamat, 2013).

2. MATERIALS AND METHODS
Initially, ZnO nanoparticles were synthesized.
Subsequently, a ZnO nucleator was prepared to facilitate
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germination. Following this, a solution of ZnO nanorods
(NRs) was prepared and allowed to grow. This process
was followed by the synthesis of WO3, which was then
applied to the substrate where the ZnO NRs had been
grown. This was achieved through a method involving
periodic coverage addressed in layers.

Table 1. List of synthesized samples

Initial concentration>pH > reaction time > temperature >
mixing speed.

A signal-to-noise ratio greater than 4 is considered
desirable. Our ratio of 55.052 indicates a sufficient
signal, suggesting that this model can be effectively used
to navigate the design space.

Table 3. Table of test accuracy

Samples Description Code samples
Lam + ZnO
! (seed layer) ZnO(NP)
2 WOos3 WO3(NP)
Lam + ZnO -
ZnO(NR) along with the
3 (seed layer) + ( ge)rminagt]or
ZnO(NRs)
4 Lam + ZnO(NRs) Nozﬁ’ﬁgr?,;”sg'”g
5 Lam + ZnO(NRs) ZnO(NR) / WOs No
+ W03 germinating
6 (Lsae’: djazgg ZnO(NR)/WOs Along
Y with the germinator
+ZnO(NRs) +WO3

2.2. Optimization of effective parameters

The software Design Expert was used to design an
experiment considering the following intervals: pH (3, 5,
7,9, 11), time (15, 30, 45, 60, 90 minutes), temperature
(25, 30, 35, 40, 50°C), initial concentration of methylene
green (10, 20, 30, 40, 50 mg/L), and mixing speed (200,
400, 600, 800, 1000 rpm). The experiment was designed
using the Taguchi method and included 25 stages.

2.3. Taguchi method experiment design for catalyst
ZnO NPs & NRs particle

At the optimal conditions of pH3, a reaction time of
15 minutes, a catalyst amount of 0.1 g, an initial
concentration of methylene green at 10 ppm, and a
stirring speed of 200rpm, the final concentration of
methylene green in the aqueous solution was reduced to
2.98 mg/L. This corresponds to a70.20% removal from
the initial solution. The effects of different parameters on
the removal process of methylene green using the
catalytic converter follow this sequence: initial
concentration>pH < reaction time > temperature >
mixing speed.A ratio greater than 4 is considered
desirable. Our observed ratio of 42.792 indicates a
sufficient signal. This model can be used to inform design
decisions.

Table 2. Test accuracy rate

Std. Dev. 0.8745 R?2 0.9987
Mean 17.52 Adjusted R? 0.9925
CV % 4.99 Predicted R? 0.9511

Adeq Precision 42.7917

2.4. Taguchi test design table for catalyst ZnO/WQO3

The optimal conditions were found to be a pH of 3, a
reaction time of 15 minutes, 0.1 g of catalyst, an initial
concentration of methylene green at 10 mg/L, and a
stirring speed of 200 rpm. Under these conditions, the
final concentration of methylene green in the aqueous
solution was reduced to 1.77 mg/L, achieving an82.30%
removal from the initial solution.

The effect of different parameters on the removal
process of methyl green by the catalytic converter
follows this sequence:

Std. Dev. 0.6619 R2 0.9992
Mean 16.03 Adjusted R2 0.9953
CV % 4.13 Predicted R? 0.9693

Adeq Precision 55.0523

3. RESULTS AND DISCUSSION

3.1. Review of Fuzzy Analysis of XRD Samples

All the peaks in the diffraction spectrum are
indicative of the quartzite structure of zinc oxide, with no
diffraction peaks attributable to impurities in the
diffraction spectrum X (Figure 1).
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Figur 1. X-ray diffraction pattern (XRD) a) ZnO(NP), b)
ZnO(NR), ¢) ZnO(NR)/WO3 with nucleator, d)
ZnO(NR)/WO3 without nucleator
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3.2. Examination of the microstructure of the samples

using SEM analysis and elemental analysis EDX

Figure 2. SEM image of ZnONRs coated on nucleator

3.3. Examination of the microstructure of the
samples: ZnO(NR) on germinating and non-
germinating substrates, sample WO3, and sample
ZnO/WO3.

Figure 4. ZnO(NR) with nucleator
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Figure 5. WOs3

Figure 6. ZnO/WOs3

3.4. Evaluation of the effects of parameters (pH, time,
temperature, and initial concentration) on the
photocatalytic removal of methylene green by ZnO
NPs & NRs, and ZnO/WO3
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Figure 7. Simultaneous effects of pH and methylene green
concentration on the photocatalytic removal of methylene
green by ZnO NPs & NRs
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Figure 8. Simultaneous effects of pH and time on the
photocatalytic removal of methylene green by ZnO NPs &
NRs
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Figure 9. The simultaneous effect of pH and temperature
on the removal of methylene green through the
photocatalytic process by ZnO NPs & NRs
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Figure 10. Simultaneous effect of pH and methylene
greenconcentration on methylene green removal by
photocatalytic process with ZnO/WQO3 catalyst

4. CONCLUSION

The results indicate that both the morphology of ZnO
nanoparticles (NPs) and nanorods (NRs), whether with
or without a nucleating agent, significantly influence
photocatalytic properties. Furthermore, the band gap of
the ZnO/WO3 core/shell sample is also affected by the
presence of WO3. ZnO NRs with nucleators exhibit a
more uniform and orderly morphology compared to
those without nucleators. Additionally, the ZnO/WO3
nanocomposite enhances the separation and reduction of
electron-hole recombination, thereby increasing the
photocatalyst's  efficiency in  photodegradation.
Specifically, the removal percentage in the
photocatalytic process reaches 70.20% with ZnO NRs
and nucleators, but improves to 82.30% with ZnO/WO3.
Analysis using Design Expert software reveals that for
photocatalytic removal with ZnO NRs and nucleators,
key parameters include pH, time, and the initial
concentration of methylene green. In contrast, with the
ZnO/WQ3 catalyst, the significant parameters are pH,
time, temperature, and initial concentration of
methylene green. The initial concentration of methylene
green solution and pH has the greatest impact on the
photocatalytic process.
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Figure 11. Simultaneous effect of pH and time on the

removal of methylene green through the photocatalytic
process with ZnO/WO3 catalyst
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Figure 12. Simultaneous effect of pH and temperature on
the removal of methylene green via the photocatalytic
process with ZnO/WO3 catalyst
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14 11 90 40 30 400 0.1 23.65 21.16
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