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ABSTRACT 

The textile dyeing industry is the second largest water polluter in the world, 
with the industry generating 20% of the world's total wastewater effluent. 
Methylene blue is one of the most commonly used textile dyes, causing 
degradation of aquatic ecosystem quality. A new method that can help in 
the treatment process of liquid waste that has a relatively low cost, one of 
which is a photocatalyst using material Cu-TiO2/ZnO and using the sol gel 
method. This photocatalyst was tested by characterization using SEM, UV-
Vis DRS, and UV-Vis Spectrometer. The results of SEM characteristics show 
that the particles are spherical with varying particle sizes. The UV-Vis DRS 
results show that the Eg values obtained are 3.186 eV forTiO2/ZnO , 2.296 
eV for Cu(5%)- TiO2/ZnO  , and 2.162 eV for Cu(8%)- TiO2/ZnO  . The 
concentration of methylene blue affects the effectiveness of degradation 
with the highest degradation at 5 ppm of 77.51%, at 10 ppm of 67.02% and 
15 ppm of 54.30%. In conclusion, the sol-gel synthesized Cu-TiO₂/ZnO 
photocatalyst demonstrates promising effectiveness for textile dye 
wastewater treatment, with optimized Cu doping significantly enhancing 
visible-light absorption and degradation efficiency of methylene blue. 
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1. INTRODUCTION 

Industry in Karawang Regency has 
experienced rapid growth in recent years, so 
that industrial estates can be formed in a short 
time. Companies are classified according to the 
type of industrial products, including metal 
machinery, various electronic products, 
mechanical engineering, chemicals, 
transportation equipment, textiles, paper, 
agricultural fur products, and forest products 
[1]. One industry that can cause water pollution 
is the textile industry. The textile dyeing 
industry is the second largest water polluter in 
the world, with the industry generating 20% of 

the world's total liquid waste [2]. The rapid 
growth of the textile industry in Indonesia has 
caused adverse impacts on the environment, 
mainly due to the discharge of organic liquid 
waste from factories containing hazardous and 
toxic substances [3]. The problem is currently 
faced by countries that depend on the textile 
dyeing industry, such as China, Thailand and 
Indonesia. The textile industry is one of the 
main contributors, producing about 80% of the 
global synthetic azo dyes [4], of which 10 to 
15% of the total dyes used are not bound to the 
fiber and are directly discharged into the 
environment [5]. Methylene blue is one of the 
most commonly used textile dyes, causing 
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degradation of aquatic ecosystem quality by 
reducing light penetration and oxygen 
solubility, and having a negative impact on 
photosynthesis of aquatic organisms. 
Commonly used dyes can disrupt aquatic 
ecosystem processes by reducing oxygen 
solubility and light penetration, thus affecting 
photosynthesis and water quality. Water 
pollution by these dyes can have a very harmful 
impact on humans, the environment, and 
aquatic life [5]. 

The condition of water pollution due to 
textile waste is a serious problem in Indonesia, 
especially in industrial areas such as Karawang. 
Karawang is one of the largest industrial areas 
in West Java which is the largest manufacturing 
activity center in Southeast Asia, including the 
textile industry. The high level of production 
activity causes an increase in the volume of 
waste discharged into the environment. 
Research shows the presence of microplastic 
contamination in refill drinking water in 
Karawang as evidenced by the discovery of 
microplastics in human feces and place. 
Another industrial wastewater treatment 
research in Karawang recorded a decrease in 
nickel levels from 0.016 to 0.006mg/L after 
treatment, but other metal levels still have the 
potential to pollute if treatment is not optimal 
[1]. 

The treatment of wastewater containing 
synthetic dyes has been widely carried out, for 
example through physical methods such as 
adsorption or biologically using Pseudomonas 
sp. Various studies report a decrease in the 
concentration of synthetic dyes in the waste 
after the process. However, there are still some 
obstacles both during and after the treatment 
process. Therefore, it is necessary to develop 
new methods that are easy to apply and have 
relatively low costs, one of which is 
photodegradation using photocatalysts [3]. 

Photocatalysis, a green chemistry 
technology, has attracted a lot of attention 
because of the new materials that have the 

potential for wastewater treatment [4], [6], 
including textile dye effluents. The 
photocatalytic concept involves a 
semiconductor absorbing photon energy and 
generating electron-hole pairs, where excited 
electrons jump from the valence band to the 
conduction band to cross the band gap. 
Photocatalysis involves a redox reaction, where 
electrons act as reducing agents while positive 
holes act as oxidation sites. Water and oxygen 
molecules or oxygen-carrying reagents are 
adsorbed on the catalyst surface to generate 
hydroxyl radicals (HO-) and reactive oxygen 
radicals (ROS) [7]. The dye pollutants adsorbed 
on the catalyst surface are decomposed by HO- 
and ROS into less harmful compounds or 
mineralized into harmless CO2and water. 
Photocatalyst materials such as TiO₂ and ZnO 
have been investigated for their chemical 
stability, low toxicity, and photocatalytic 
efficiency  [8], [9]. Their combination in the 
form of type II heterojunction (TiO₂/ZnO) has 
been shown to decrease the rate of electron-
hole pair recombination and increase reaction 
efficiency  [10], [11]. Structural modification 
through doping transition metals such as 
copper (Cu) has shown potential in lowering the 
band gap energy and extending the light 
absorption capability into the visible region  
[12], [13]. 

Although TiO₂/ZnO heterojunctions and 
metal doping have been explored separately, 
research specifically incorporating Cu metal 
doping into TiO₂/ZnO systems in dye 
degradation application research using the sol-
gel method is still very limited. Not many 
studies have systematically evaluated the effect 
of Cu doping on changes in electronic structure, 
photoreactivity, and degradation efficiency in 
Cu-TiO₂/ZnO-based PFC systems. In this study, 
modification of the TiO₂/ZnO heterojunction 
structure by Cu metal doping can reduce the 
band gap energy and expand the absorption of 
light spectrum to the visible region. Thus, the 
photocatalytic activity of Cu-TiO₂/ZnO system 
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towards Methylene blue degradation will 
increase significantly compared to the system 
without dopant.  

Therefore, this study aims to synthesize and 
evaluate the photocatalytic performance of Cu-
doped TiO₂/ZnO heterojunction catalysts 
prepared via the sol-gel method for the 
degradation of methylene blue in a 
Photocatalytic Fuel Cell (PFC) system. 
Specifically, the research objectives are to: (1) 
characterize the structural, morphological, and 
optical properties of the synthesized Cu-
TiO₂/ZnO composites; and (2) investigate the 
effect of methylene blue concentration and 
operational parameters on the degradation 
efficiency and electrical output of the PFC. 

2. MATERIALS AND METHODS 

2.1 Materials 
The materials used were methylene blue 

(C16H18N3SCI, Merck, Germany), ZnO (zinc 
oxide, p.a, Merck, Germany), TiO2 (titanium 
dioxide, p.a, Merck, Germany), KCl (potassium 
chloride, p.a, Merck, Germany), NaClO (sodium 
hypochlorite, p.a, 12%), Agar, Distilled water, 
Graphite plates, Wires, Copper(II) acetate 
monohydrate (Cu(CH3COO)2-H2O) from 
Supelco, USA, Isopropyl alcohol 99%, 
Polyethylene glycol (PEG) 400, Glass plates 
measuring 5 × 3 cm with a thickness of 3 mm. 

2.2 Experimental procedure 

2.2.1. Synthesis of ZnO 
ZnO synthesis was carried out using the sol-

gel method. Dissolve 2.743 grams of ZnO into 
50 mL of isopropyl alcohol in a 100 mL beaker. 
Cover the solution with aluminum foil, then stir 
using a magnetic stirrer for ± 45 minutes. Mix 
monoethanolamine as much as 1.4 mL and 
continue stirring for ± 45 minutes. Let the 
solution stand overnight until sol is formed. Mix 
PEG as much as 4.4 mL, then stir until 
homogeneous. Heat the oven to 150°C and put 
the ZnO sol solution for 2 hours into the oven. 
After completion, let the solution cool down. 
Apply the homogeneous ZnO paste to the glass 

plate using the doctor blade method. Dry the 
plate in the oven at 200°C for 25 minutes.  

2.2.2. Synthesis of Cu-TiO2/ZnO 
Synthesis of Cu-doped TiO2, using the sol-gel 

method. Dissolve 2.743 grams of TiO2 in 50 mL 
of isopropyl alcohol. Cover the solution with 
aluminum foil and stir for ± 45 minutes. Add 
copper (II) acetate monohydrate as dopant in 
concentrations of 2% [14], 5% [15], and 10% to 
the mass of TiO2, then stir for ±45 minutes. Add 
monoethanolamine as much as 1.4 mL, then 
stir again for ± 45 minutes until a sol solution is 
formed. Let the solution stand overnight. Add 
PEG as much as 4.4 mL, stir until homogeneous. 
Ovenize the solution at 150 °C for 2 hours, then 
let it cool. Apply the homogenized Cu-TiO2 
paste to the ZnO-coated glass plate using the 
doctor blade method. Dry the plate in the oven 
for 2 hours with temperature variations of 
175°C, 200°C, and 225°C. 

2.2.3. Preparation of Cathode Plate 
Graphite plates measuring 5×4 cm and 3 

mm in thickness were used as cathodes. These 
plates were soaked in NaClO solution before 
use. 

2.2.4. Preparation of Sodium Hypochlorite 
Solution 

A total of 200 mL of NaClO solution was 
mixed with distilled water to reach a volume of 
800 mL. The final concentration of the solution 
was 250 mL/L. 

2.2.5. Preparation for Salt Bridge 
The salt bridge was made from 1 M KCl 

solution by dissolving 1.86 grams of KCl in 25 mL 
of water, then adding 0.93 grams of agar. The 
solution was stirred while heated to boiling. 
After cooling slightly, the solution was put into 
a pipe and stored in a refrigerator until it 
thickened. 

2.2.6. Methylene blue solution preparation 
A stock solution of 100 mL (1,000 ppm) was 

prepared by dissolving 0.10 grams of 
methylene blue in 100 mL of distilled water. For 
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the degradation experiments, methylene blue 
solutions with three different concentrations 
(5, 10, and 15 ppm) were prepared by 
appropriate dilution of the stock solution. To 
make a 10 ppm solution, take 10 mL of stock 
solution, add variations of 15, 20 and 25 mL of 
10% HCl, then add distilled water until the 
volume reaches 1,000 mL. The same method is 
done for a concentration of 5 ppm by taking 5 
mL of stock solution and a concentration of 15 
ppm by taking 15 mL of stock solution.  

2.2.7. Preparation of Double Space PFC 
The photoreactor consists of two chambers 

(anode and cathode) filled with 400 mL of 
methylene blue solution and 400 mL of NaClO 
solution, respectively. The two chambers are 
connected by a KCl-based salt bridge. 

CuTiO2/ZnO plates were placed in the anode 
chamber and graphite plates in the cathode 
chamber, then connected to a multimeter. The 
anode plate was irradiated using a 100 W UV 
lamp for 2 hours. Samples of the solution were 
taken every 40 minutes, filtered once using 
filter paper, then measured the pH using a pH 
meter. A total of 5 mL of solution was measured 
for absorbance using a UV-Vis 
spectrophotometer at a wavelength of 300-700 
nm. The degradation efficiency was calculated 
using Equation (1): 

𝐷𝑒𝑔𝑟𝑎𝑑𝑎𝑡𝑖𝑜𝑛 (%) =
஼బି஼೟

஼బ
𝑥 100%            (1) 

Where C଴  and C୲ are the initial concentration, 
and concentration after irradiation time (t) 
respectively. 

 

Figure 1. Dual Chamber Photocatalytic Fuel Cell (PFC) System 

2.2.8. Photocatalyst Characterization 
Characterization of the surface 

morphology of Cu-TiO2/ZnO photocatalysts was 
performed using Scanning Electron Microscopy 
(SEM) to determine the shape, particle size, and 
agglomeration level of the synthesized samples 
with Cu mass variation. Model SU3500 (Hitachi, 
Japan), with 6.0 mm resolution at 7.00 kV and 
10.0k magnification. The optical properties of 
the synthesized Cu-TiO2/ZnO photocatalyst 
material were characterized using UV-Vis 
Diffuse Reflectance Spectroscopy (DRS) 
method. This characterization aims to evaluate 
the light absorption ability and determine the 
band gap energy value of the material. Model 
Cary 60 (China), with a wavelength range of 
200-830 nm. Measurement of methylene blue 

absorbance to calculate the degradation 
efficiency using a UV-Visible 
spectrophotometer model V-730 (Jasco, 
Japan), with a wavelength range of 300-700 
nm. 

3. RESULTS AND DISCUSSION 

3.1. Analysis by SEM 
Figure 2 and Figure 3 show SEM images of 

Cu(2%)-TiO2/ZnO, Cu(5%)-TiO2/ZnO, and 
Cu(8%)-TiO2/ZnO composites coated on glass 
plates, respectively. In Figure 2, the surface 
morphology of Cu(2%)-TiO2/ZnO shows 
spherical particles with varying particle sizes 
and irregular structures. Particle agglomeration 
in this sample is relatively low, and indicates 
that the particles are still fairly evenly 
dispersed.  
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Based on Figure 3 shows the morphology 
of Cu(5%)-TiO2/ZnO with a particle shape that 
tends to be round but irregular. Compared to 
Cu(2%)-TiO2/ZnO, this sample shows a higher 
degree of agglomeration, which indicates the 
start of the formation of large particles due to 
the process of unification between particles. 

Based on Figure 4 for the Cu(8%)-TiO2/ZnO 
composite shows morphology with particle 
shapes that also tend to be round but irregular. 
Although the particle size appears smaller, 
particle agglomeration occurs more 
significantly. This indicates that increasing Cu 
concentration has an effect on the formation of 
larger agglomerates, due to increased 
interactions between particles. 

The level of agglomeration that increases 
as the mass of Cu increases can be explained by 
the tendency of TiO2nanoparticles to be in an 
unstable condition in dispersed form, so that 
particles tend to gather in achieving a stable 
condition [16]. Agglomeration is the process of 
clumping of small or fine particles into large 
particles [17]. The main causes of 
agglomeration include large surface area, 
surface tension, attractive forces between 
nanoparticles and oxidation processes [18]. 
This agglomeration has the potential to 
decrease the active surface area and reduce 
the availability of active sites for the 
photocatalytic process, as well as inhibit the 
absorption of light and methylene blue 
molecules during the degradation process [19], 

[20]. Doping Cu2+ ions into the TiO2structure 
causes changes in morphology and crystal 
structure. Partial substitution of Ti4+ ions by 
Cu2+causes deformation of the crystal lattice 
due to differences in charge and ion size, which 
results in charge compensation in the form of 
oxygen vacancy formation [21]. These 
vacancies have a role in the enhancement of 
photocatalytic activity through band gap shifts 
and changes in the electronic structure of the 
material [22], [23]. 

Interestingly, the typical ZnO structure in 
the form of hexagonal shape (wurtzite), which 
is generally stable at room temperature, was 
not explicitly observed in the SEM images of the 
three Cu mass variations. The invisibility of the 
hexagonal shape of ZnO may be due to several 
factors, such as the Cu-TiO2layer being too 
thick, covering the ZnO surface and changing 
the overall morphology of the material [24]. In 
addition, the interaction between Cu ions and 
the ZnO surface can affect its crystal structure, 
disrupting the regularity of the wurtzite shape 
that should be visible [25]. The wurtzite 
structure of ZnO has the function of providing 
morphological stability through uniform 
particle distribution as well as increased 
specific surface area. Therefore, the loss of 
ZnO's distinctive structural features can have 
implications for photocatalytic performance, 
especially if the cover layer inhibits charge 
transfer or reduces the exposure of the ZnO 
active surface [26].                          

 

Figure 2. SEM of Cu(2%)-TiO2/ZnO [24] 
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Figure 3. SEM of Cu(5%)-TiO2/ZnO [24] 

 

Figure 4. SEM of Cu(8%)-TiO2/ZnO [24] 

3.2. UV-Vis DRS Analysis 
UV-visible diffuse reflectance spectra (UV-

Vis DRS) is an excellent method to evaluate the 
light absorption ability of a material. As shown 
in Figure 5 (b), the UV Vis DRS of Cu(5%)-
TiO2/ZnO, up to Cu(8%)-TiO2/ZnO shows that 
there is a significant increase in absorption in 
the visible light region compared to pure 
TiO2/ZnO. This increase in uptake indicates 
better photocatalytic performance under 
visible light for Cu(5%)-TiO2/ZnO, and Cu(8%)-
TiO2/ZnO heterojunctions.  

In addition, the bandgap (Eg) values of the 
synthesized Cu-TiO2/ZnO photocatalysts were 
estimated using the Kubelka-Munk approach. 
The Eg values obtained were 3.186 eV for 
TiO2/ZnO, 2.296 eV for Cu(5%)-TiO2/ZnO, and 
2.162 eV for Cu(8%)-TiO2/ZnO. These results 
indicated that Cu doping significantly 
decreased the band gap values of the 
developed photocatalyst systems [24]. 

 

  
Figure 5. (a) Band gaps for TiO(2)/ZnO, Cu(5%)-TiO2/ZnO, Cu(8%)-TiO(2)/ZnO (b) UV-vis spectrum of DRS. 

 Effect of adding mass variation of Cu 
doped into TiO2/ZnO. Figure 5 shows that the 
decrease in band gap value indicates the 

successful incorporation of Cu ions into the 
TiO2/ZnO semiconductor lattice. Cu acts as a 
dopant that introduces energy levels between 

(a) (b) 
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the valence band and the conduction band, and 
produces oxygen vacancies, thereby increasing 
visible light absorption. Cu2+acts as an electron 
mediator capable of capturing excited 
electrons, extending the life of holes, and 
reducing the rate of electron-hole pair 
recombination[27] . Ti4+and Cu2+have similar 
ionic radii, so Cu2+can easily penetrate the 
TiO(2

)matrix as an inner acceptor that interacts 
with surrounding oxygen vacancies or replaces 
the position of Ti4+ [28]. In addition, 
modification with Cu shifts the adsorption edge 
of the photocatalyst towards the visible light 
region [29] . Studies show diverse speciation on 
Cu-TiO2, with most studies reporting the 
presence of Cu in the Cu2+valence. This species 
displaces Ti4+and increases the density of the 
oxygen vacancy lattice [30] . In addition, the 
charge transfer mechanism in the TiO2/ZnO 
heterojunction structure enhanced by Cu 
doping exhibits a Z-scheme, where electrons 
from the TiO₂ conduction band are transferred 
to holes in the ZnO valence band, enabling 
better charge separation [31]. 
3.3. UV-Vis Spectrometer Analysis 
3.3.1. Photocatalyst Performance Test for 

Photocatalytic Fuel Cell (PFC) 
Photocatalyst performance test was 

conducted to assess the ability of Cu-TiO2/ZnO 
material in producing electric voltage when 
used in Photocatalytic Fuel Cell (PFC) system. 
The voltage was measured for 120 minutes 
every 40 minutes interval using a multimeter. 
Voltage has a significant influence on the 
degradation results in the photocatalysis 
process because it is directly related to the 

separation efficiency of electron-hole pairs 
formed during excitation by light. The voltage 
generated by the Photocatalytic Fuel Cell (PFC) 
system shows a close correlation with the 
effectiveness of methylene blue (MB) 
degradation. The voltage measured on the 
multimeter is a direct indicator of the electron 
flow generated during the photocatalytic 
process. The higher the voltage generated, the 
more efficient the electron transfer process 
from the CuTiO₂/ZnO photoanode to the 
graphite cathode, reducing the possibility of 
recombination between the two.  

The resulting voltage was measured using 
a multimeter to assess the ability of the 
photocatalyst to convert light energy into 
electrical energy through redox reactions. The 
voltage measurement results for HCl 
vaporization at each time are shown in Table 1. 
The voltage measurements at various volumes 
of HCl show varying results during the 
degradation process. In the use of 15 mL HCl, 
the voltage generated at the 0th minute or at 
the beginning of degradation was 0.340 V, 
remained at 0.340 V until the 40th minute, then 
increased to 0.408 V at the 80th minute, and 
reached 0.424 V at the 120th minute. For 20 mL 
HCl, the initial voltage at the 0th minute was 
0.420 V, then decreased to 0.408 V at the 40th 
minute, 0.396 V at the 80th minute, and 
remained 0.396 V until the 120th minute. 
Meanwhile, when using 25 mL HCl, the voltage 
generated at the 0th minute was 0.432 V, 
decreased to 0.332 V at the 40th minute, 0.272 
V at the 80th minute, and slightly increased to 
0.320 V at the 120th minute.

Table 1. Voltage Data for Each HCl Variation 

HCl (mL) 
Voltage 

0 minutes 40 minutes 80 minutes 120 minutes 
15 0.34 0.34 0.408 0.424 
20 0.42 0.408 0.396 0.396 
25 0.432 0.332 0..272 0.32 

Photocatalyst activity is strongly 
influenced by the surface area of the glass used 

as a coating medium. The glass has an 
important role as a base or support in 
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distributing the photocatalyst evenly [32] . In 
order for the photocatalyst to be activated, the 
glass plate that has been coated with the 
photocatalyst requires optimal light 
penetration. The voltage can be as the 
concentration of pollutants decreases during 
the photodegradation process. For example, 
when the solution becomes clearer due to the 
degradation of methylene blue, the resulting 
voltage can increase [32]. 

3.3.2. Photocatalyst Activity 
Photodegradation removal efficiency (%) 

was carried out using Cu(5%)-TiO2/ZnO 

composites irradiated with UV light for 120 min. 
This photocatalyst activity test was conducted 
on methylene blue waste with concentration 
variations of 5, 10 and 15 ppm in the anode 
chamber with Cu-TiO2/ZnO semiconductor 
material for a range of 0, 40, 80, and 120 
minutes. Figure 6 shows the relationship of 
irradiation time to degradation rate. The curve 
shows that the percentage of degradation 
increases as the UV irradiation time increases 
with the resulting time occurring within 60 and 
120 minutes applicable to all concentrations of 
methylene blue used [26]. 

 
 

Figure 6. Curve of the Relationship between Duration of Irradiation and %Degradation at Methylene Blue 
Concentration [33] 

The curve in  
Figure 6, showing the effect of methylene 

blue concentration on the percentage of 
degradation by making methylene blue 
concentrations of 5, 10 and 15 ppm shows that 
the greater the concentration of methylene 
blue, the lower the degradation rate, this is 
similar to the findings of [34] which reports the 
results of irradiation with a decrease in dye 
concentration shows results reaching 90%, that 
increasing the concentration of methylene blue 
causes the length of the photon path that 
illuminates the solution thereby reducing the 
intensity of light needed to reach the catalyst. 

As a result, only a fraction of the light is 
effective in the photocatalysis process and the 
rate of methylene blue degradation. The length 
of time irradiated by UV light proves that there 
is an interaction between the Cu-TiO2/ZnO 
composite material and methylene blue so that 
it causes the species h୴ୠ

ା  or -OH radicals 
formed on the surface of the photocatalyst to 
increase and the interaction between the 
photocatalyst and methylene blue is also longer 
so that it will increase the effectiveness of 
photodegradation. The phenomenon of the 
length of irradiation is in line with the findings 
of previous researchers who reported the 
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length of irradiation in this study which is 360 
minutes produced the best [35] 

As the dye concentration was increased, 
the photodegradation rate decreased. As the 
initial concentration of dye increases, the path 
length of photons entering the solution 
decreases, leading to a reduced number of 
photons reaching the catalyst surface. 
Conversely, at lower dye concentrations the 
opposite effect occurs leading to an increase in 
the number of photons absorbed by the 
catalyst at lower concentrations [34]. 

3.3.3. Kinetic Study 

A first order Langmuir-Hinshelwood (LH) 
kinetic model was followed to determine the 
change in MB concentration [36] 

𝑙𝑛 𝐶௧ =  −𝑘𝑡 + 𝑙𝑛 𝐶଴    (2) 

𝑙𝑛
஼బ

஼೟
=  𝑘𝑡     (3) 

The experimental data were plotted and 
linearized on Figure 7, where the slope refers to 
the concentration-dependent degradation rate 
constant. A steeper slope indicates a higher 
rate constant and better photodegradation 
efficiency. The half-life was also determined 
based on 0.693/k to determine the time 
required for the MB concentration to decrease 
to half of the initial concentration. The 
experimental results were in good agreement 
with the linearized model with R2 ranging from 
0.64855 to 0.73422. 

 
Figure 7. First-order linear regression of MB photodegradation kinetic data under UV light irradiation for 2 h with 

Cu(5%)-TiO2/ZnO samples with different MB concentrations of 5 ppm, 10 ppm, and 15 ppm 

3.3.4. Effect of Variation of HCl Addition 

Another factor affecting the degradation 
efficiency is that the addition of HCl solution 
changes the pH of the solution to acidic (pH = 
3). The pH value of the aqueous solution affects 
the photocatalytic reaction by changing the 
surface charge, size, and energy band structure 
of the catalyst [37], [38] . The pH of the solution 
controls the degree of ionization of methylene 
blue and the surface charge capacity of the 
adsorbent determined by the zero charge point 
(pHpzc)[39] , where the adsorbent surface 
charge is zero and controls the surface 
electrokinetic characteristics when OH-/H+ is 
the determining ion [40] . At pH<pHpzc, a 

protonation reaction occurs, making the 
catalyst surface positively charged. Whereas at 
pH>pHpzc a deprotonation reaction occurs 
which makes the catalyst surface negatively 
charged [26].  At pH<pHpzc, a protonation 
reaction occurs and the catalyst surface is 
positively charged. The deprotonation reaction 
occurs at pH>pHpzc which makes the catalyst 
surface negatively charged [40] . Methylene 
blue as a cationic dye undergoes lower 
adsorption in acidic state, due to excess H ions+ 
that compete with methylene blue molecules. 
This reduces the photocatalytic activity due to 
saturation and poisoning of the catalyst surface 
by MB, as well as inhibiting light penetration, a 

Time (minutes) 
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critical factor in the formation of electron-hole 
pairs [38] 

 

3.3.5. Photocatalytic Mechanism 
The photocatalytic mechanism in the Cu-

TiO2/ZnO system for the degradation of organic 
compounds such as Methylene blue (MB) takes 
place through a series of electron excitation 
processes, charge transfer, and redox reactions 
on the surface of the photocatalyst. When the 
Cu-TiO2/ZnO photocatalyst is exposed to UV 
light with photon energy (hν) equal to or 
greater than its bandgap, electron excitation 
from the valence band (VB) to the conduction 
band (CB) occurs, leaving holes in the VB[41], 
[42], [43], [44], [45], [46] 
𝐶𝑢 − 𝑇𝑖𝑂ଶ/𝑍𝑛𝑂 +  ℎ𝑣 → 𝐶𝑢 − 𝑇𝑖𝑂ଶ/
𝑍𝑛𝑂 (𝑒஼஻

ି , ℎ௏஻
ା )     (4) 

These formed charge pairs (e⁻ and h⁺) 
further act as reduction and oxidation agents. 
The hole (h⁺) on VB has a high potenƟal to 
oxidize water molecules or hydroxide ions into 
hydroxyl radicals (-OH), a highly reactive 
oxidizing species.  
ℎ௏஻

ା + (𝐻ଶ𝑂) → 𝐻ା + ∙ 𝑂𝐻               (5) 
These -OH radicals play a major role in 

degrading MB molecules into simpler 
compounds such as CO2and H2O [47], [48] , 
through multistage oxidation reactions: 
∙ 𝑂𝐻 +  𝐶ଵହ𝐻ଵହ𝑁ଷ𝑂ଶ  →  𝐶𝑂ଶ + 𝐻ଶ𝑂 +
𝑜𝑡ℎ𝑒𝑟𝑠 𝑝𝑟𝑜𝑑𝑢𝑐𝑡   (6) 

On the other hand, the excited electrons 
(e⁻) on the CB can move to the surface or to the 
electrode (if an electrochemical system is used) 
and reduce the dissolved oxygen (O2). Under 
neutral or acidic conditions, oxygen undergoes 
an oxygen reduction reaction (ORR)  [41], [49], 
[50], [51], [52] , forming H2O or H2O2which also 
contributes in generating additional hydroxyl 
radicals:  
𝑂ଶ + 4𝑒ି + 4𝐻ା → 2𝐻ଶ𝑂   (7)  
𝑂ଶ + 2𝑒ି + 2𝐻ା → 𝐻ଶ𝑂ଶ    (8) 
While in alkaline media, the dominant reaction 
is water reduction (WRR).  

𝐻ଶ𝑂 +
ଵ

ଶ
𝑂ଶ + 2𝑒ି  → 2𝑂𝐻ି   (9) 

If O2is not available, then H+ ions can be 
reduced to hydrogen gas. 
2𝐻ା + 2𝑒ି → 𝐻ଶ    (10) 
In alkaline media, WRR produces hydrogen 
through 
2𝐻ଶ𝑂 + 2𝑒ି →  𝐻ଶ + 2𝑂𝐻ି   (11) 

4. CONCLUSION 

This study shows the success of Cu-TiO2/ZnO 
semiconductor composite synthesized by sol-
gel method which has effective photocatalytic 
activity in methylene blue degradation. SEM 
characterization shows that the Cu-TiO2/ZnO 
particles are spherical with varying sizes. UV-Vis 
DRS analysis showed a decrease in energy band 
gap along with an increase in Cu content, as 
well as a shift in absorbance wavelength. The Eg 
values obtained were 3.186 eV for TiO2/ZnO, 
2.296 eV for Cu(5%)-TiO2/ZnO, and 2.162 eV for 
Cu(8%)-TiO2/ZnO. Methylene blue 
concentration affects the effectiveness of 
degradation, with the highest degradation at 5 
ppm of 77.51%, at 10 ppm of 67.02% and 15 
ppm of 54.30%. Another factor that also affects 
the degradation efficiency is the addition of HCl 
solution, which causes the solution pH to turn 
acidic with a pH value of 3. 
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