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Abstract: In this study, a series of CuWO4/g-C3N4 composites were synthesized using a facile 

construction method. The structural characteristics of the composites were examined using various 

techniques, including XRD, SEM, SEM-EDS, FT-IR, and UV-DRS. The photocatalytic 

performance of the CuWO4/g-C3N4 nanocomposites was evaluated in the degradation of methylene 

blue (MB) under visible light irradiation. The findings revealed that the CuWO4/g-C3N4 composite 

with a mass ratio of 10% CuWO4 displayed the highest efficiency (89%) in degrading MB during 

an 80-minute photodegradation process, which was consistent with the pseudo-first-order kinetics. 

These results demonstrate that forming a Z-scheme CuWO4/g-C3N4 heterojunction significantly 

improves the photocatalytic efficiency by promoting rapid separation of electron-hole pairs and 

enhancing the redox capability. Additionally, the photodegradation efficiency remained above 

85% even after four cycles, suggesting the stability of the catalyst. 

Keywords: Z- scheme, CuWO4/g-C3N4, Methylene blue, photodegradation, visible light. 

1. Introduction * 

Due to the rapid growth of industrial 

activities, various types of pollutants, including 

pharmaceutical products, dyes, and pesticides, 

have been released into water bodies, causing 

severe ecological damage [1]. Methylene Blue 

(MB), a commonly used dye, has been found to 

have potentially harmful effects on human 

_______ 
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health, such as non-lethal mutagenicity and 

adverse impacts on lung function. Fortunately, 

there are several conventional techniques 

available for removing MB from water 

solutions, including bio-sorption [2], 

electrochemical treatment [3], adsorption [4], 

and photocatalysis [5]. Advanced oxidation 

processes (AOPs) are considered an innovative 

approach to degrade MB because of their strong 

ability to break it down completely [6]. 

Recently, semiconductor photocatalysts, 

particularly those driven by visible light, have 

gained significant attention as a promising 
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technology for water purification. Visible 

light-driven semiconductors are particularly 

valuable due to their ability to utilize sunlight 

from the solar spectrum, facilitated by their low 

energy band gaps. Among them, g-C3N4, a 

polymeric semiconductor, has attracted 

increasing interest since the discovery of its 

ability to produce hydrogen through 

photocatalysis in 2009 [7-9]. Although g-C3N4 

has a moderate energy band gap (∼ 2.7 eV) that 

allows it to absorb visible light effectively, its 

valence band potential (VBP) exhibits limited 

oxidation ability, leading to the fast 

recombination of electrons and holes, which 

hinders its practical applications. Therefore, 

there is a strong motivation to develop suitable 

modifications to enhance the photocatalytic 

efficiency of g-C3N4 [7-9]. 

Several approaches have been employed to 

address these difficulties by modifying the surface 

area, electronic energy level, and energy band gap 

of g-C3N4. One effective strategy to enhance its 

photocatalytic efficiency is forming a 

heterojunction system by combining g-C3N4 with 

other materials. The structure of g-C3N4, which 

consists of 2D layers, facilitates easy modification 

and heterojunction formation. The conventional 

heterojunction (referred to as a type II 

heterojunction) created by combining g-C3N4 with 

a suitable semiconductor effectively prevents the 

recombination of electrons and holes [10, 11]. 

However, their redox potentials are insufficient 

for the complete degradation of organic 

compounds, thereby limiting their photocatalytic 

efficiency. 

To overcome the limitations of 

conventional heterojunctions, the construction 

of a Z-scheme heterojunction has been 

recognized as a promising approach. In 

Z-scheme photocatalysts, electrons generated 

by component A with a lower reduction 

potential can transfer to the valence band of 

component B, resulting in strong reduction-

oxidation potentials and simultaneous charge 

separation. The conduction band potential 

(CBP) of g-C3N4 is approximately -1.4 eV, 

which makes it highly suitable for 

photocatalytic reduction reactions. Hence, it can 

be combined with various n-type photocatalysts 

to establish a Z-scheme heterojunction [10, 11]. 

Recently, there has been a surge of interest in 

tungstate metal (MWO4) materials due to their 

distinctive chemical and optical properties. 

Among them, CuWO4 has gained popularity in 

photocatalysis due to its narrow band gap 

(2.3 eV) and its ability to be easily excited by 

visible light. The valence band (VB) and 

conduction band (CB) potentials of CuWO4 are 

approximately 2.83 and 0.63 V, respectively, 

making it compatible with g-C3N4 to form a 

Z-scheme heterojunction. This heterojunction 

enhances their light absorption capacity and 

extends the lifetime of the charges they produce 

[12-18]. 

In 2021, Zhou and colleagues reported on 

the development of CuWO4/g-C3N4 for 

Rhodamine B (RhB) degradation under visible 

light exposure [15]. After 150 minutes of 

visible light irradiation, up to 93% of RhB was 

removed, and the synthesized material exhibited 

stability, allowing it to be reused for at least 

four cycles without a decline in photocatalytic 

activity. The following year, the Vinesh group 

reported on the application of CuWO4/g-C3N4 

nanocomposite for the removal of tetracycline 

hydrochloride (TCH) [12]. The CuWO4/g-C3N4 

nanocomposite demonstrated a significantly 

enhanced photocatalytic degradation of 

tetracycline (TC) compared to pristine g-C3N4, 

with an improvement of approximately 7.4 

times in 120 minutes. The enhanced 

photocatalytic activity of the heterojunction 

materials can be attributed to the unobstructed 

separation and transfer of photogenerated 

carriers, facilitated by the well-matched energy 

band structure between CuWO4 and g-C3N4, 

thereby promoting the photodegradation of 

organic pollutants. 

Taking these factors into account, we 

focused our efforts on constructing a CuWO4/ 

g-C3N4 Z-scheme heterojunction for the 
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efficient photocatalytic degradation of MB 

under visible light irradiation. 

2. Experimental Section  

2.1. Chemicals 

Melamine (C3H6N6), Copper Nitrate 

Hexanhydrate (Cu(NO3)2.6H2O), Sodium 

Tungstate Dehydrate (Na2WO4.2H2O), Methylene 

Blue (C16H18ClN3S), Sodium hydroxide (NaOH) 

and Hydrochloric acid (HCl) were purchased 

from Sigma Aldrich. All compounds were used 

directly without further purification.  

2.2. Catalyst Preparation 

CuWO4 nanoparticles were prepared in 

accordance with a previous report [12]. Firstly, 

4 mmol of Cu(NO3)2.6H2O was added to 50 mL 

of distilled water, followed by the dropwise 

addition of a 0.08 M Na2WO4 solution. The 

suspension was stirred for 4 hours, and the 

resulting precipitate was separated via 

centrifugation and dried at 60 °C for 24 hours 

before being transferred to a furnace. The 

furnace was heated continuously to 500 °C with 

a rate of 5 °C per minute and kept at that 

temperature for 2 hours to obtain CuWO4. 

The g-C3N4 was prepared following the 

previous report published anywhere [19]. 

Melamine was calcinated at 550 °C for 4 h to 

prepare g-C3N4 as a yellow powder.  

In order to construct of heterostructure 

CuWO4/g-C3N4 nanocomposite, a mixture of 

CuWO4 and g-C3N4 was sonicated in 100 mL of 

distilled water for 1 hour, with varying mass 

ratios of CuWO4/g-C3N4) = 1/50, 1/20, 1/10 and 

1/5. The resulting suspension was heated in an 

autoclave at 160 °C for 12 hours. The solid was 

filtrated and washed with water to get the 

xCuWO4/g-C3N4 nanocomposite (x = 2%, 5%, 

10%, and 20%, respectively). 

2.3. Characterization 

Standard powder X-ray diffraction (XRD) 

patterns were performed on a D8-Advance-

Brucker. A Bruker TENSOR-27 was used to 

achieve Fourier transform infrared spectroscopy 

(FTIR) spectra. The Hitachi S-4800 microscope 

was used to obtain scanning electron micrograph 

(SEM) images of synthesized materials. Scanning 

Electron Microscopy with Energy Dispersive 

Spectroscopy (SEM-EDS) images were measured 

on an Oxford instrument with detector X-stream 2 

(EDX pulse processor). Ultraviolet-visible light 

absorption spectra (UV-Vis) were obtained using 

a Hitachi UH4150 spectrophotometer to analyze 

optical properties. 

2.4. Photodegradation of MB 

In a typical experiment, 100 mg of catalysts 

were mixed with 100 mL of 10 mg. L-1 MB 

solution was stirred in the dark for 30 minutes 

until adsorption-desorption equilibrium was 

reached. Subsequently, the mixture was 

exposed to a 200 W LED in a photoreactor 

located 5 cm away from the deflection reflector. 

Samples of 2 mL were taken every 20 minutes 

during irradiation and analyzed for MB 

degradation using a UV-VIS spectrophotometer 

(F7G32AA/Agilent) at 665 nm. The pH of the 

solutions was adjusted to between 3 and 9 using 

1 M NaOH and HCl solutions and monitored 

with a Mettler Toledo pH meter. 

Direct photolysis of MB without a catalyst 

(using only light) was also examined under 

identical conditions to provide a basis for 

comparison. The percentage (%) of MB 

removal was calculated using Equation (1), 

while Equation (2) was utilized to determine the 

kinetics of MB dye removal via the 

photocatalytic process for the first order with 

the corresponding time. Where C0 denotes the 

initial concentration of MB solution in 

adsorption-desorption equilibrium (mg. L-1), 

Ct represents the final concentration of the dye 

solution after treatment (mg. L-1), and k (min-1) 

represents the reaction kinetic rate constant for 

a first-order process. 

C - Co t
% Removal=   × 100 (1)

Co  

Co
ln =  kt  (2)

Ct  
To evaluate the photocatalyst's reusability, 

the photocatalyst was collected after the 

reaction through centrifugation, washed with 
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ethanol and distilled water, and dried under 

vacuum at 60 °C for 6 hours before being 

employed for the next cycle. 

3. Results and Discussion  

3.1. Characterization of Materials 

Figure 1 displays the XRD patterns of pure 

CuWO4, g-C3N4, and CuWO4/g-C3N4 

composite with varying amounts of CuWO4.  
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Figure 1. XRD patterns of synthesized materials. 

The XRD pattern of pure CuWO4 shows the 

diffraction peaks at 2θ of 15,43o, 18,84o, 22,5o, 

28,75o, 30,60o, 35,81o, 39,82o, and 53.3°, which 

can be indexed as the (110), (100),  (011), 

(111), (111), (002), (120), and (221), 

respectively. The result indicated that the 

patterns disclosed the standard for typical 

monoclinic crystal wolframite planes of 

CuWO4 according to JCPDS no. 01-070-1732 

[12]. In addition, the absence of information on 

other Copper or tungstate products from the 

XRD pattern further confirmed the successful 

preparation of CuWO4. The g-C3N4 material 

exhibited two peaks with 2θ values of 13.1° and 

27.8° in its X-ray diffraction (XRD) pattern. 

The peak at 27.8° corresponded to the (002) 

crystal plane of the conjugated aromatic system, 

while the peak at 13.1° was related to the 

distance between the nitride pores (JCPDS: 

50-1512) [19]. It is important to note that the 

XRD patterns of CuWO4 and g-C3N4 were still 

discernible in the CuWO4/g-C3N4 composite 

without the decrease in intensity. These 

findings suggest that the composite maintained 

its structured regularity during construction, 

which is consistent with earlier studies. 

Figure 4 displays the FT-IR spectra of the 

prepared g-C3N4, CuWO4, and CuWO4/g-

C3N4 nanocomposite to further confirm the 

composite's success. The g-C3N4 FT-IR 

spectrum showed 810 and 3200 cm-1 peaks, 

corresponding to the breathing modes of the 

tris-triazine units and residual N–H groups, 

respectively. Additionally, peaks between 

1200 cm−1 and 1700 cm−1 were caused by the 

stretching vibration modes of the C-N group 

and the stretching of the C=N group [19]. In 

Figure 3b, the strong, broad band observed in 

the 400- 1000 cm-1 low-frequency region was 

attributed to the characteristic deformation 

modes of Cu-O, W-O, and W-O-W bridges. 

The CuWO4/g-C3N4 FT-IR spectrum exhibited 

similar peaks to those of g-C3N4 but with lower 

peak intensities due to the deposition of CuWO4 

on the g-C3N4. 
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Figure 2. FT-IR of synthesized materials. 

The pure CuWO4, g-C3N4, and CuWO4/g-

C3N4 composite morphologies were analyzed 

using SEM images (Figure 3). The SEM images 

showed the excellent distribution of nanolayer 

structures of g-C3N4 resulting from 

polymerization (Figure 2a). It can be observed 

that the synthesized CuWO4 sample consisted 

of nanospheres that were randomly assembled 

with each other. However, it was hard to 

observe the CuWO4 nanoparticle in the 
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CuWO4/g-C3N4 composite due to the presence 

of g-C3N4 presented in the cluster of CuWO4. 

To further confirm the successful construction 

of the CuWO4/g-C3N4 composite, the 

SEM-EDS analysis of the 10%CuWO4/g-C3N4 

composite's elemental composition and 

distribution is shown in Figures 3d and 4. The 

findings revealed that CuWO4 was uniformly 

dispersed in g-C3N4, with no other atoms 

detected, indicating successful composite 

synthesis. Furthermore, the SEM-EDX results 

allowed fitting the element's components to the 

composite's formula. 
 

 

h 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. SEM images of (a) g-C3N4; (b) CuWO4; (c) 10%CuWO4/g-C3N4; 

(d) SEM-EDS of 10%CuWO4/g-C3N4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

             

Figure 4. Element mapping and SEM-EDX of 10%CuWO4/g-C3N4. 
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Optical characteristics are generally 

understood to be critical in determining a 

catalyst's photo activity. To investigate the 

effect of CuWO4 nanoparticles incorporation on 

g-C3N4, the UV-DRS spectra of pure g-C3N4, 

CuWO4, and CuWO4/g-C3N4 composite with 

varying CuWO4 content were analyzed and 

shown in figure 5. Pure g-C3N4 displays a 

prominent absorption peak around 400 nm 

corresponding to the π→π* and n→π* 

transitions happening within the tri-s-zine or 

tri-s-heptazine units. On the other hand, the 

absorption spectra of CuWO4 reveal a broad 

absorption range spanning from 300 to 525 nm. 

This absorption can be attributed to the 

transition of electrons from the valence band, 

occupied by hybridized O-2p and Cu-3d 

orbitals, to the conduction band composed of 

W-5d orbitals. Notably, the presence of CuWO4 

on the surface of g-C3N4 led to a shift towards 

longer wavelengths, resulting in increased 

absorption within the visible light range when 

compared to g-C3N4.  

The bandgap of all materials was 

determined through Tauc plots based on 

matching DRS absorption spectra. The Tauc 

plots of g-C3N4 and xCuWO4/g-C3N4 are 

presented in Figure 5. The bandgap of 

xCuWO4/g-C3N4 (with 2, 5, 10, and 20 wt% of 

CuWO4) produced values of 2.19 eV, 2.1 eV, 

1.99 eV, and 2.0 eV, respectively, which were 

considerably lower than that of pure g-C3N4 

(2.71 eV). These findings indicate that 

CuWO4/g-C3N4 materials are more active than 

g-C3N4 when exposed to visible light. 
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Figure 5. UV DRS and Tauc plot of (a) g-C3N4; (b) 2%CuWO4/g-C3N4; (c) 5%CuWO4/g-C3N4; 

(d) 10%CuWo4/g-C3N4; (e) 20%CuWO4/g-C3N4. 

3.2. Photodegradation of MB 

The ability of the CuWO4/g-C3N4 

composite to undergo photocatalysis was 

investigated in the photodegradation of MB in 

water under visible light irradiation. In the 

absence of light, no MB degradation occurred, 

as indicated by the negligible decrease in MB 

concentration, which can be attributed to 

adsorption on the material's surface (data not 

presented here). However, after 80 minutes of 

visible light irradiation, a moderate yield of MB 

degradation (40%) was observed in the 

presence of the CuWO4 photocatalyst compared 

to g-C3N4 (60%). This outcome can be 

attributed to the rapid recombination of 

photogenerated electron and hole pairs, despite 
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the CuWO4's low bandgap of 2.2 eV. Moreover, 

the photodegradation of MB declined in the 

absence of a catalyst, suggesting that CuWO4/g-

C3N4 and visible light irradiation were 

necessary for the photodegradation of MB. 

0 20 40 60 80
0

20

40

60

80

100

C
/C

o

Irriadiation time/ minutes

 CuWO4

 g-C3N4

 2 % CuWO4/g-C3N4

 5 % CuWO4/g-C3N4

 10 % CuWO4/g-C3N4

 20 % CuWO4/g-C3N4

 

Figure 6. Photodegradation of MB using synthesized 

catalyst under visible light irradiation. 

Furthermore, as the loading amount of 

CuWO4 on g-C3N4 increased from 2% to 10%, 

the removal efficiency of MB exhibited a 

substantial enhancement of approximately 64%, 

77%, and 89%, respectively. This improvement 

can be attributed to the reduction in the band 

gap from 2.19 eV to 1.99 eV, making the 

composite more active under visible light 

irradiation. The findings were further supported 

by the hindrance of electron-hole 

recombination, leading to an augmented 

photocatalytic activity, as indicated by the 

UV-DRS spectra. Interestingly, when 20% 

CuWO4/g-C3N4 was employed as the catalyst, 

the degradation yield of MB was only 85%, 

resulting in a slight decrease despite its lower 

band gap of 2.0 eV. The substantial amount of 

CuWO4 can explain this added, which hinders 

the light absorption of g-C3N4 responsible for 

dye degradation, thereby confirming a decline 

in photocatalytic activity. Moreover, the 

photodegradation of MB under visible light 

irradiation was remarkably insignificant in the 

absence of a catalyst. Based on these results, the 

10%CuWO4/g-C3N4 composite was selected as 

the photocatalyst for subsequent experiments. 
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Figure 7. Pseudo-first-order model of MB 

photodegradation using 10%CuWO4/g-C3N4. 

In order to examine the reaction kinetics of 

MB degradation using CuWO4/g-C3N4, the 

degradation data was analyzed using a pseudo-

first-order model (Equation 2). Figure 7 presents 

the correlation between ln(C0/Ct) and the exposure 

time for MB degradation on the catalysts. The 

photodegradation curve closely followed the 

pseudo-first-order kinetics for all tested scenarios. 

The rate constants (k) for each catalyst were 

determined and plotted in Figure 7 using the 

model. As the CuWO4 loading on the surface of 

g-C3N4 increased, the rate constants exhibited a 

notable increase as well. Notably, the 10% 

CuWO4/g-C3N4 catalyst displayed the highest rate 

constant (0.02757 min-1) for MB degradation 

among the photocatalysts. This value considerably 

exceeded those reported in recent studies for 

other photocatalysts. 

A series of experiments were conducted to 

assess the influence of different quantities of 

the 10%CuWO4/g-C3N4 catalyst on MB 

elimination. The catalyst amounts ranged from 

0.5 to 1.5 g.L-1 while maintaining a consistent 

MB concentration of 10 mg.L-1 and pH 7.0. The 

experimental outcomes were presented in 

Figure 8, revealing a significant enhancement in 

MB removal with increasing catalyst amount 

from 0.5 to 1.0 g.L-1. However, further 

increases in catalyst concentration did not lead 

to improved photodegradation of MB. This lack 

of improvement could be attributed to the 

excessive suspension of the catalyst, hindering 
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light penetration to the MB molecules. 

Consequently, the researchers proceeded with a 

catalyst amount of 1.0 g.L-1 for subsequent 

experiments. 
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Figure 8. Effective of catalyst concentration to 

photodegradation of MB. 

The role of pH in the photodegradation of 

organic pollutants, particularly in the removal 

of MB, is widely recognized as it significantly 

affects the production of hydroxyl radicals. To 

investigate this, the photodegradation of MB 

was carried out under visible light irradiation 

using CuWO4/g-C3N4 as a catalyst over a range 

of pH values (3-9). The impact of pH on the 

photodegradation of MB is presented in 

Figure 9. It was observed that the 

photodegradation of MB was considerably 

enhanced at high pH and neutral pH. However, 

at low pH, the photodegradation of MB showed 

only moderate yield due to the substantial 

reduction of MB absorption on the surface of 

the catalyst, which impeded the removal of MB. 
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Figure 9. Effect of pH on photodegradation of MB. 
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Figure 10. The recycling ability of 10%CuWO4/ 

g-C3N4 for photodegradation of MB. 

Finally, the recycle ability of 

10%CuWO4/g-C3N4 for the photodegradation 

of DB 71 was investigated, and the results are 

presented in Figure 10. After an 80-minute 

irradiation time, the photocatalytic degradation 

efficiencies were over 85% after four cycles. 

These outcomes imply that the 10%CuWO4/g-

C3N4 is highly stable and can be used for long-

term degradation processes. 

4. Conclusion  

Our objective is to investigate the viability 

of utilizing the novel CuWO4/g-C3N4 

nanocomposite for efficient degradation of MB 

through photodegradation under visible light 

irradiation. The results obtained from XRD, 

FT-IR, and SEM analyses confirmed the 

preservation of the g-C3N4 structure even after 

constructing CuWO4, a finding further 

substantiated by SEM-EDS analysis. The UV-DRS 

results revealed that the CuWO4/g-C3N4 

materials exhibited higher activity than g-C3N4. 

Interestingly, the 10%CuWO4/g-C3N4 

composite significantly enhanced the 

photodegradation of MB within 80 minutes of 

visible light irradiation. The pH experiments 

demonstrated that CuWO4/g-C3N4 displayed 

greater activity in neutral and alkaline pH 

conditions. Additionally, the 10%CuWO4/g-C3N4 

photocatalyst was stable and could be reused at 

least four times without declining its 

photocatalytic efficacy, making it highly 

desirable for practical applications. 
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