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ABSTRACT 

A significant challenge in the photoelectrocatalytic method for water oxidation and organic decomposition 
processes is the fabrication of scalable, durable, and efficient photoanodes. Several limitations, such as 
insufficient adhesion, uneven semiconductor coatings, and low durability, often lead to the unsatisfactory 
performance of the conventional FTO/WO3/BiVO4 photoanode. This study improves the surface properties of 
fluorine-doped tin oxide (FTO) substrates using a laser treatment process prior to the automated dip-coating 
of WO3 and BiVO4 semiconductor layers. The FTO substrate surface is textured and modified using laser induction 
as part of the fabrication process. Thereafter, WO3 and BiVO4 semiconductor layers are deposited in sequence. 
The laser treatment can promote surface homogeneity, semiconductor adhesion, and the active surface area of 
the fabricated FTO/WO3/BiVO4. The morphology, elemental composition, and electrochemical properties are 
analyzed using SEM, EDS, and EIS techniques. In that context, the laser-treated FTO/WO3/BiVO4 photoanode 
development significantly outperformed those without treatment. The FTO/WO3/BiVO4 photoanode that was 
treated with a laser had a lower energy band gap of 1.8 eV, a higher capacitance of 4.91 × 10-6 F, and a higher 
photocurrent density of 5.5 mA/cm² compared to an electrode that was not treated with a laser at a bias potential 
of 1.0 V. The durability assessments demonstrated that the organic dye removal efficacy persisted after 1,000 
hours. This study demonstrates that laser-treated FTO/WO3/BiVO4 photoanodes can overcome conventional 
fabrication method limitations. This successfully provides a scalable and effective alternative for various 
applications, including wastewater treatment and renewable energy. It is recommended that subsequent studies 
should focus on the evaluation of the applicability of this laser-assisted method to various kinds of environmental 
applications and photoelectrodes. 
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INTRODUCTION 

Increasing interest in efficient and sustainable 
alternative energy production and environmental 
m a n a ge m e n t  i s  c o n t r i b u t i n g  to  ex te n s iv e 
photoelectrocatalytic process research [1-3]. The 
FTO/WO3/BiVO4 photoanode is now recognized as 
an attractive alternative for water oxidation and organic 
dye degradation owing to its advantageous optical and 
electrical characteristics [4-6]. Conventional methods 
for fabricating these electrodes frequently yield limited 
efficiency, unsatisfactory durability, and insufficient 
reproducibility, principally due to difficulties in achieving 
homogenous semiconductor coatings and effective 
charge transfer at the electrode interface [7]. In order 
to improve the structural and functional features of 
photoelectrodes, recent breakthroughs have brought 
to light the significance of modifying the substrate. 
It has been demonstrated that roughening treatments, 

such as the use of a laser, can enhance surface adhesion, 
increase the degree of active surface area, and facilitate 
the absorption of light [8-10]. Furthermore, the long-term 
durability and scalability of these methods for practical 
applications have not yet been appropriately assessed 
in the context of FTO/WO3/BiVO4 systems. This study 
addresses those weaknesses through implementing 
a laser-assisted method for modifying FTO substrates 
before semiconductor immobilization through an 
automated dip-coating procedure. The suggested 
technology integrates laser-induced surface roughness 
with efficient material deposition to create a homogeneous, 
porous structure that improves light absorption, 
charge transfer, and overall photoelectrocatalytic efficacy. 
The study assesses the durability and reproducibility 
of the laser-treated electrodes, offering insights into 
their appropriateness for large-scale wastewater 
treatment and energy applications. This investigation 

https://ird.rmutt.ac.th/
https://doi.org/10.60101/jarst.2024.260565


2 

 
©2025 Institute of Research and Development, RMUTT, Thailand J Appl Res Sci Tech 2025;24(2):260565 

DOI: 10.60101/jarst.2024.260565 

provides an alternative process for enhancing the 
performance of FTO/WO3/BiVO4 photoanodes. The 
methodology integrates efficient application with 
material design, resulting in the progression of sustainable 
technology. 

MATERIALS AND METHODS 

3.1 Preparation of WO3 and BiVO4 precursor solutions 

A 0.1 M WO3 precursor solution was prepared 
by dissolving tungstic acid (99%, H2WO4, Aldrich 
Chemistry) in an ammonium hydroxide (30%, NH4OH, 
Panreac) solution. The solution was refluxed at 60°C 
for one hour with constant agitation. To maintain a 
consistent solution volume, incrementally introduce 
NH4OH while refluxing, continuously stirring the 
solution for one hour. The resultant solution, after 
one hour of stirring, will initially appear milky white 
and subsequently transition to a clear solution, without 

forming a suspension after settling for one night. A 
0.05 M BiVO4 solution was prepared by dissolving 
0.1 M bismuth nitrate (≥98.0%, Bi(NO3)3·5H2O, Sigma-
Aldrich) powder in acetic acid (99.8%, CH3COOH, ACI 
Labscan) and stirring for 20 minutes. Concurrently, 
0.1 M vanadyl acetyl acetonate (98.0%, C10H14O5V, Sigma-
Aldrich) powder was solubilized in an acetylacetone 
(99.5%, CH3COCH2COCH3, Panreac) solution and agitated 
for 20 minutes. The two solutions were subsequently 
combined and agitated for 10 minutes, followed by 
ultrasonication for 120 minutes to achieve homogeneity, 
yielding a blue-green solution of 0.05 M BiVO4. 

3.2 Fabrication of FTO/WO3/BiVO4 photoanode 

Figure 1 illustrates the deposition process, 
emphasizing each step in the fabrication of FTO/WO3/ 
BiVO4 electrodes. These electrodes have been developed 
for improved photoelectrocatalytic efficiency for water 
oxidation and the organic dyes degradation process.

 
Figure 1 The FTO/WO3/BiVO4 photoanode fabrication process using an automatic dip coating machine through 

the FTO substrate treatment using the laser process.

3.2.1 Substrate preparation and laser treatment 
Fluorine-doped tin oxide (FTO) conductive 

glass substrates (21 x 32 cm) were cleaned to remove all 
contamination and provide suitable surface preparation. 
The cleaning procedure included a sequential wash 
using detergent, ethanol, and distilled water, with each 
step employing 15 minutes. The cleaned and dried FTO 
substrate surfaces were modified using laser treatments 
to create a surface with a rough texture that was 
favorable for the adhesion of precursor solutions. A 
30-watt fiber laser (RAYCUS-30) with a wavelength of 
1,064 nm was employed at a distance of 30 cm above 
the FTO surface to attain the requisite roughness while 
maintaining the substrate's electrical characteristics. 

3.2.2 WO₃ Thin Film Deposition 
The laser-treated FTO substrates were immersed 

in a 0.1 M WO3 precursor solution using an automated 
dip-coating technique. Consistent dipping and pulling 

speeds were set at 2.0 cm/s to ensure a uniform coating. 
The coated substrates were subjected to drying at 150°C 
for 5 minutes and subsequently calcined at 500°C for 
30 minutes. This approach produced FTO/WO3 
electrodes with a distinct semiconductor thin layer. 

3.2.3 BiVO4 thin film deposition 
The FTO/WO3 electrodes were subsequently 

coated with a 0.05 M BiVO4 precursor solution 
employing the same automated dip-coating method. 
The electrodes were dipped at a velocity of 2.0 cm/s 
for 15 seconds and subsequently pulled at a lowered 
speed of 1.5 cm/s to ensure a consistent layer. The 
electrodes were heated at 150°C for 5 minutes, followed 
by calcination at 550°C for 1 hour. This procedure 
provided FTO/WO3/BiVO4 electrodes exhibiting improved 
structural and semiconductor characteristics. 
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3.3 FTO/WO3/BiVO4 photoanode characterization 
and photoelectrocatalytic activity study 

This study examined the impact of laser-treated 
and untreated FTO substrates on the photoelectrocatalytic 
performance of FTO/WO3/BiVO4 electrodes. We evaluated 
the impact of laser treatment on the developed FTO/ 

WO3/BiVO4 photoanode through its characteristics 
and photoelectrocatalytic properties. The elemental 
composition and morphology of the fabricated electrodes 
were investigated using energy-dispersive X-ray 
spectroscopy (EDS; OXFORD, INCA-350) and scanning 
electron microscopy (SEM; JEOL, JSM-5410LV). The 
Shimadzu UV-2401PC spectrophotometer was employed 
to determine the spectrum of light that an electrode 
could absorb, with air serving as the baseline. The 
photoelectrocatalytic cell was provided with three 
electrodes: the working electrode was FTO/WO3/BiVO4, 
the counter electrode was platinum (Pt), and the 
reference electrode was Ag/AgCl (sat. KCl). For water 
oxidation experiments, the three electrodes were 
connected to a potentiostat (Princeton Applied Research, 
Inc., VersaSTAT3). The electrolyte solution was prepared 
using 0.1 M Na2SO4, which exhibited a conductivity 
of less than 5 µS/cm. A VersaSTAT3 potentiostat was 
employed to conduct electrochemical impedance 
spectroscopy (EIS) across a frequency spectrum of 
100,000 to 0.1 Hz. The electrochemical cell is provided 
with a stainless steel cathode (21 x 32 cm), an 
FTO/WO3/BiVO4 anode (21 x 32 cm), and a controlled 
applied potential of 2.0 V. The research employed a 
14.4-watt light-emitting diode (LED) as the visible 
light source for photoelectrocatalytic investigations 
at an intensity of 2,000 LUX. The cathode electrode 
was placed 4 cm from the anode electrode. In order 
to investigate the degradation of photoelectrocatalytic 
organic pigments, a 0.5 M NaCl solution was 
combined with 5 ppm of Orange Red. The reaction 
occurred in the presence of visible light from a 14.4-
Watt LED source (λ > 420 nm) that was 26.47 mW/cm² 
bright and evenly dispersed the light. Over 1,000 hours 
of testing were conducted to determine the longevity of 
the dye, which was measured at 483 nm every 10 
minutes for a maximum of an hour using a Shimadzu 
UV-2401PC spectrophotometer. 

RESULTS AND DISCUSSION 

4.1 Morphology and elemental composition 

Figure 2 illustrates the morphological 
examination of FTO and FTO/WO3/BiVO4 electrodes, 
both with and without laser treatment, as examined 
using SEM. 

Laser-treated FTO substrates display significantly 
smaller particles owing to the optimum laser head 
distance of 30 cm, which enhances surface roughness 
without noticeably impacting electrical conductivity 
(Figure 2a-b). The rough, extremely porous surfaces 

of the laser-treated electrodes were characterized, 
increasing the active surface area of the coated WO3 
and BiVO4 semiconductors on the FTO substrate, which 
is essential for oxidation reaction performance [11]. 
On the other hand, electrodes that have not been 
treated have fewer pores and a rougher surface, which 
makes them less catalytic (Figure 2c–d). The inset of 
the figure shows the photographs of each electrode 
to demonstrate the physical characteristics of the 
prepared electrodes. The FTO/WO3/BiVO4 electrodes 
show a distinct yellow color, which is consistent with 
the yellow color of WO3 and BiVO4, which confirming 
the existence of the two semiconductors. Figure 3 
illustrates cross-sectional SEM images of bare FTO 
and FTO/WO3/BiVO4. The FTO layer thickness was 
probably 350 nm, while the WO3 and BiVO4 layers 
consolidated into an overall layer of approximately 
400 nm subsequent calcination. These  results  
demonstrate the effects of heterojunction formation 
on the structure. 

 
Figure 2 Morphology of FTO electrodes; (a) untreated, 

(b) with laser-treatment, and (c) FTO/WO3/BiVO4 
electrodes; untreated, (d) with laser-
treatment; inset of image of each electrode. 

 
Figure 3 FE-SEM image at the cross-sectional view 

of the FTO and FTO/ WO3/ BiVO4 (with laser-
treatment) 

The structure of bare FTO is compact and 
smooth, whereas the FTO/WO3/BiVO4 hybrid is well-
defined and has numerous layers, resulting in a denser 
and rougher surface appearance. 

The absorption of light and the separation of 
charges are enhanced when WO3 and BiVO4 layers are 
effectively combined, thereby reducing the recombination 

https://ird.rmutt.ac.th/
https://doi.org/10.60101/jarst.2024.260565


4 

 
©2025 Institute of Research and Development, RMUTT, Thailand J Appl Res Sci Tech 2025;24(2):260565 

DOI: 10.60101/jarst.2024.260565 

loss. The coarser, more porous structure facilitates the 
movement of charges and provides a greater surface area 
for catalytic processes. This directly results in improved 
photoelectrocatalytic (PEC) performance. Additionally, 
the product's durability and stability are guaranteed 
by the robust interfacial bonding between layers. 

The laser-assisted fabrication method enhances the 
heterojunction characteristic, as evidenced by the 
shape and magnitude of these features. This clarifies 
the observed increases in photocurrent density and 
the efficiency of organic dye degradation.

Table 1 Elemental composition analysis results using the EDX technique on FTO and FTO/WO3/BiVO4 electrodes 
effect with laser-treatment and untreated on the FTO substrate. 

Element 

% Atomic 

FTO FTO/WO3/BiVO4 

untreated with laser- treatment untreated with laser- treatment 

Si 1.76 2.84 1.32 1.30 

Sn 31.58 30.50 26.57 27.14 

W - - 2.50 1.99 

Bi - - 0.99 1.33 

V - - 1.09 0.97 

O 66.67 66.67 67.53 67.27 

Table 1 shows the % elemental composition of 
FTO and FTO/WO3/BiVO4 electrodes with laser treatment 
and untreated electrodes. The laser treatment caused 
the FTO substrates to have higher Si content (2.84%) 
compared to untreated substrates (1.76%) indicating 
a higher surface roughness. On the other hand, the Sn 
content in laser- treated FTO (30.50%) was lower than 
that in untreated FTO (31.58%), which may suggest 
atomic redistribution. The laser treated FTO/WO3/BiVO4 
electrodes had a higher Bi content of 1.33%, while the 
untreated samples had 0.99%. This indicates an improved 
BiVO4 adhesion due to increased surface roughness. 
The tungsten content was slightly decreased in laser 
treated electrodes (1.99%) compared to untreated 
electrodes (2.50%). This indicates successful material 
incorporation on the new surface. Moreover, V content 
was slightly reduced in laser treated electrodes (0.97%) 
when compared to untreated electrodes (1.09%). With 
respect to the other samples, the oxygen content was 
consistent across all samples (~67%). This suggests 
that laser treatment did not significantly affect the 
oxidation state of the electrodes. These results imply 
that the laser treatment improves the uniformity of the 
WO3 and BiVO4 layer adherence and consequently 
the performance of the photoelectrodes. 

X-ray diffraction (XRD) analysis, illustrated in 
Figure 4, verifies the phase composition of FTO/WO3/BiVO4 
electrodes, encompassing both untreated and laser-
treated variants. The diffraction peaks at 26.92°, 34.1°, 
38.8°, and 52.0° are indicative of the tetragonal phase 
of SnO2 in the FTO substrate. The WO3 monoclinic phase 
is characterized by peaks at 23.6°, 24.44°, and 34.1°, 
whereas the BiVO4 monoclinic phase is validated by 
diffraction peaks at 18.8°, 28.9°, and 30.6°. Laser-treated 
samples had sharper and more pronounced BiVO4 peaks, 
signifying enhanced crystallinity and phase uniformity. 

This improvement is essential for eliminating defects 
and facilitating efficient charge transfer, hence decreasing 
recombination losses and optimizing photoelectrocatalytic 
efficacy. 

 
Figure 4 The X-ray diffraction patterns of FTO substrate 

and FTO/WO3/BiVO4 electrodes, consequently 
treated with laser processing and untreated. 

4.2 Optical characteristics 

Figure 5 shows the optical properties of the 
FTO/WO3/BiVO4 electrodes, with a focus on the effect 
of laser treatment on the FTO substrate. The laser-treated 
electrodes absorbed more visible light (Figure 5A). 
Because of the laser-induced surface roughness, the WO3 
and BiVO4 layers adhere more strongly, resulting in a 
uniform coating [12]. Figure 5B shows the relationship 
between absorbance coefficient and energy band gap 
(Eg). The Eg of laser-treated electrodes was 1.8 eV less 
than that of untreated samples. The reduced energy gap 
improves visible light absorption in photoelectrocatalytic 
applications. The optimum light harvesting on the 
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electrode surface is accomplished through a uniform 
semiconductor coating on laser-treated substrates, 
which minimizes light reflection and eradicates interlayer 
gaps. The findings indicate that laser treatment 
enhances the optical properties of FTO/WO3/BiVO4 
electrodes, demonstrating their potential for improving 
photoelectrocatalytic efficiency. 

 
Figure 5 (A) Absorbance spectra (B) the correlation 

between the absorption coefficient and 
energy band with effects laser treatment; 
(a) FTO (with laser-treatment), (b) FTO 
(untreated), (c) FTO/WO3/BiVO4 (with laser-
treatment) ,  and (d) FTO/WO3/BiVO 4 
(untreated). 

In addition, the laser-treated electrodes 
demonstrate increased visible light absorption (Figure 
5A) attributed to light scattering from surface roughness 
and higher semiconductor adherence, leading to a 
more uniform coating that reduces reflection and 
interlayer gaps. The lowering of the band gap from 
2.1 eV (untreated) to 1.8 eV (laser-treated) (Figure 4B) 
is ascribed to structural and electronic alterations 
caused by laser irradiation. Band gap tuning can be 
accomplished through doping or alloying; however, 
structural alterations and defect states can also reduce 
the band gap, thereby improving visible light absorption 
and photoelectrocatalytic performance. These findings 
confirm that laser treatment enhances semiconductor 
interfacial contact and charge transport, offering it as 
an attractive option for enhancing PEC performance. 

4.3 Photoelectrocatalytic activity 

Figure 6 shows the photoelectrocatalytic 
effectiveness of FTO/WO3/BiVO4 electrodes in a 0.1 M 
Na2SO4 solution at a potential of 1.0 V under visible 
light. Laser-treated FTO/WO3/BiVO4 electrodes showed 
enhanced photoelectrocatalytic performance, generating 
a current density of 5.5 mA/cm2, in contrast to untreated 
electrodes, which provided 3.2 mA/cm2. Laser-induced 
roughness on the FTO base made it easier for the WO3 
and BiVO4 layers to bond together, increased the contact 
surface area, and let more solution through [13]. This 
modification made the oxidation reaction much more 
effective, demonstrating the advantageous effects of 
laser treatment before using the automatic dip-coating 
method to immobilize semiconductors. 

 
Figure 6 Amperograms display the comparative results 

of the oxidation reaction current values in the 
aqueous solution of FTO/WO3/BiVO4 electrodes, 
highlighting the impact of laser treatment 
on the FTO substrate. 

 
Figure 7 Nyquist plots of FTO/WO3/BiVO4 electrodes: 

comparison of with laser-treatment and 
untreated FTO substrates with inset of charge 
transfer resistance (Rct) and constant 
phase element (CPE). 

4.4 Electrochemical resistance and capacitance 
properties 

Figure 7 demonstrates the electron transport 
characteristics between the electrode surface and the 
electrolyte, as a result of the electrochemical impedance 
spectroscopy (EIS) investigation of FTO/WO3/BiVO4 
electrodes. The electron transfer efficiency in water 
oxidation reactions is improved by laser-treated FTO/ 
WO3/BiVO4 electrodes, which have the smallest semicircle 
radius in the Nyquist plot. This represents a low charge 
transfer resistance (Rct) and negligible electron transfer 
resistance. These results are consistent with the current 
density values depicted in Figure 6. Furthermore, the 
inset table illustrates that laser-treated electrodes have 
a higher constant phase element (CPE) value (4.91 x 
10-6 F), which suggesting that the surface is more porous 
and rugged. This increases the surface area of the 
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electrode and its ability to maintain charge, as 
demonstrated in Figure 2 by SEM. The results show that 
laser treatment proceeds prior to the immobilization 
of WO3 and BiVO4, resulting in the development of thin 
coatings with improved electron transfer efficiency 
during water oxidation at the interfacial electrode/ 
electrolyte. 

 
Figure 8 Comparison of photocurrent from water 

oxidation: reproducibility of FTO/WO₃/BiVO₄ 
electrodes with laser- treatment and untreated. 

 
Figure 9 Durability of laser-treated FTO/WO₃/BiVO₄ 

photoanode for orange red dye removal via 
photoelectrocatalytic process. 

4.5 The reproducibility performance 

Figure 8 demonstrates the repeatability 
investigation of FTO/WO3/BiVO4 photoanode fabrication, 
emphasizing the impact of laser treatment on the 
FTO substrate prior to automated dipping in WO3 and 
BiVO4 solutions. Seven electrodes were produced under 
comparable settings to test consistency. The investigation 
found that laser-treated FTO/WO3/BiVO4 electrodes had 
higher photocurrent density than untreated electrodes, 
with a %RSD of less than 5%, indicating high reproducibility. 
Laser-induced porosity and homogeneous areas reduce 
variability, improving electrode production uniformity. 
The uniform features of the electrodes are provided by 
the improved adhesion of the coating solution, resulting 
in a homogeneous surface structure [14]. The findings 

indicate that the uniformity of the electrode production 
process is significantly improved by the laser treatment 
of FTO substrates before semiconductor immobilization. 

4.6 The durability performance 

Figure 9 demonstrates the durability of the 
FTO/WO3/BiVO4 photoanode, fabricated by laser 
treatment of the FTO substrate before semiconductor 
immobilization. The electrodes were utilized to 
decompose organic dye by applying the bias potential 
and subjecting them to visible light for 1,000 hours. 
The laser-treated electrodes maintained 100% removal 
efficiency throughout testing, demonstrating no 
performance loss. Laser-treated FTO/WO3/BiVO4 electrodes 
degrade organic dyes by photoelectrocatalytic reactions, 
resulting in a longer operational lifetime [15]. Figure 
10 illustrates the schematic representation of the 
fabrication of the laser-treated FTO/WO3/BiVO4 
photoanode, highlighting enhancements in surface 
r o u g h n e s s ,  c h a r g e  s t o r a g e  c a p a c i t y,  a n d 
photoelectrocatalytic performance. Laser-treated 
FTO/WO₃/BiVO4 photoanodes enable scalable 
wastewater treatment and sustainable energy 
applications, according to this study. The findings 
support further research on laser-assisted fabrication 
of improved photoelectrocatalytic materials. 

 
Figure 10 Schematic diagram of laser-treated FTO/ 

WO3/BiVO4 photoanode fabrication. 

This study describes an alternative way for 
increasing the efficiency and durability of FTO/WO3/BiVO4 
photoanodes used in photoelectrocatalytic applications 
such as water oxidation and organic dye degradation. 
Several experimental assessments show that applying 
laser treatment to FTO substrates prior to semiconductor 
deposition improves electrode properties significantly. 
The laser-treated electrodes have a rough surface that 
enhances the adherence and homogeneity of WO3 and 
BiVO4 layers, improving their structural and functional 
properties. The fabrication process affects the performance 
of photoanode photoelectrocatalytic (PEC) technology. 
The laser-assisted FTO/WO3/BiVO4 photoanode exceeded 
alternative techniques, attaining a photocurrent density 
of 5,500 µA/cm² at 1.00 V vs. Ag/AgCl, and 100% degradation 
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of methylene blue (MB) within 40 minutes (Table 2). 
Laser-induced surface structures promote charge 
separation, enhance light absorption, and maintain 
electrochemical stability. In contrast, the normal dip 
coating exhibited a decreased current density (250 
µA/cm²) and needed 180 minutes to remove 94% of 
the MB, signifying ineffective charge redistribution. The 
spin coating technique exhibited slight photocurrents 
(1,500-2,243 µA/cm²) and degradation rates (61% for 
coumarin, 98% for MB) under all conditions. These 

improvements demonstrate that the characteristics 
of electrolytes and contaminants substantially affect 
the effectiveness of PEC. The hydrothermal approach 
(FTO/CdS/TiO2) had the lowest current density (84.25 
µA/cm²) and the moderate degradation of methylene 
blue (82% in 180 minutes), indicating insufficient charge 
transport. Laser-assisted FTO/WO3/BiVO4 fabrication 
improves conventional methods in photoelectrochemical 
efficiency, durability, and organic dye degradation.

Table 2 Comparison of current densities and organic degradation efficiency for photoanodes by different 
fabrication methods. 

Materials 
Fabrication 

method 
Electrolyte solution 

/ Light source 
Current 
density 

Pollutants / 
Electrolyte / 
Degradation 

efficiency 

References 

FTO/WO3/BiVO4 Laser treatment 
combined 
Automatic 

dipping machine 

0.1M Na2SO4 / 14.4-
Watt light-emitting 

diode (LED) 

5,500 µA/cm-2 
at 1.00 V vs 

Ag/AgCl 

5 ppm MB / 
0.5M NaCl / 

100% for 40 min 

This work 

FTO/WO3/BiVO4 Dip coating 0.1M Na2SO4 / 20-
watt visible light 

irradiation 

250 µA/cm-2 
at 1.00 V vs 

Ag/AgCl 

5 ppm MB / 
0.1M Na2SO4 / 

94% for 180 min 

[16] 

FTO/WO3/BiVO4 Spin coating 0.5M NaCl / 320-
watt light source 

1,500 µA/cm-2 
at 1.23 V vs 

RHE 

coumarin / 
0.5M NaCl / 

61% for 90 min 

[17] 

FTO/WO3/BiVO4 Spin coating 0.1M Na2SO4 / 300-
watt light source 

2,243 µA/cm-2 
at 1.28 V vs 

RHE 

10 ppm MB / 
0.1M Na2SO4 / 

98% for 180 min 

[18] 

FTO/CdS/TiO2 Hydrothermal 0.1M NaCl / 300-
Watt Xe arc lamp 

irradiation 

84.25 µA/cm-2 
at 1.0 V vs 
Ag/AgCl 

5 ppm MB / 
0.1M NaCl / 

82% for 180 min 

[19] 

CONCLUSIONS 

This research demonstrates that laser-treated 
FTO/WO3/BiVO4 photoanodes exhibit outstanding 
performance in degrading organic dyes compared to 
conventional production techniques. The laser method 
increased the roughness of the substrate, enhancing 
semiconductor adhesion and promoting structural 
uniformity.  The developed FTO/WO 3/B iVO 4 
photoanode exhibited a narrower energy band gap 
(1.8 eV), increased photocurrent density (5.5 mA/cm² 
at 1.0 V in 0.1 M Na2SO4), and reduced charge transfer 
resistance. Robustness studies demonstrated complete 
dye removal efficacy for 1,000 hours without performance 
loss, highlighting the durability and scalability of the 
modified electrodes for practical applications. These 
findings emphasize the promise of laser-treated 
FTO/WO3/BiVO4 photoanodes for wastewater treatment 
and renewable energy production applications. 
Future research may concentrate on refining laser 

settings for other materials and broadening applications 
to various photoelectrocatalytic processes. 
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