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ABSTRACT 

In this research, zinc oxide nanoparticles were synthesized by the chemical precipitation 

method, and graphite carbon nitride was synthesized by the thermal decomposition 

method. Nanocomposites of zinc oxide co-doped with g-C3N4 were prepared using the 

Ultrasonic method. The samples were characterized by X-ray diffraction (XRD), field 

emission scanning electron microscope (FESEM), Fourier transform infrared 

spectroscopy (FT-IR), and diffuse reflectance spectroscopy (DRS). The XRD results 

revealed that zinc oxide and graphite carbon nitride have a hexagonal wurtzite structure 

and a hexagonal structure, respectively. It was found that the particle size of the  

ZnO/g-C3N4 nanocomposite was less than 100 nm. The effect of operational parameters 

such as concentration of doping elements, photocatalyst dosage, pH, initial concentration 

of Methylene Blue, effect of oxidants, and irradiation time on the extent of degradation 

was investigated. The photocatalytic activity of the undoped ZnO, g-C3N4, and  

ZnO/g-C3N4 nanocomposite photocatalysts were evaluated by the photocatalytic 

degradation of methylene blue in an aqueous solution. The results show that the 

photocatalytic activity of the ZnO/g-C3N4 photocatalyst is much higher than that of 

undoped ZnO. The cooperation of the g-C3N4 leads to the narrowing of the band gap and 

greatly improves the photocatalytic activity. The ZnO/g-C3N4 photocatalyst 15 mol% 

shows the best photoactivity and photodecomposition efficiencies were improved by 95% 

under Visible irradiation approximately compared with the pure ZnO sample. 
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1. Introduction 

In recent decades, the growing problem of organic 

water pollution has become a major cause for 

concern. Sources of pollution include industrial 

wastewater, agricultural chemicals, domestic 

wastewater, and marine oil spills [1]. The presence 

of organic dyes in aquatic environments can have 

harmful effects on aquatic life, which can in turn 

impact human health [2]. In response, 

semiconductor-based photocatalysis has emerged as 

a potential treatment method, attracting global 

attention due to its unique cleaning processes [3]. 

Photocatalysis is an advanced oxidation process 

(AOP) that offers several advantages for water and 

air purification, making it an efficient technique [4]. 

Metal oxide semiconductor photocatalysts, such as 

ZnO, have proven to be highly effective for 

decontaminating both air and water through 

heterogeneous photocatalytic oxidation. This 

technique is a powerful tool for removing pollutants 

and impurities and has been widely adopted in 

various industries and applications [5]. Out of the 

different types of nanosized metal oxides, ZnO 

shows great promise as a semiconductor material. 

This is because it has excellent environmental 

stability, high absorption of UV light, and is 

relatively inexpensive compared to other binary 

nanosized metal oxides [6]. Zinc oxide (ZnO) is a 

popular photocatalyst for the removal of pollutants 

in water or air, thanks to its chemical stability, non-

toxicity, and high photocatalytic activity, despite 

having a large band gap (3.37 eV). However, ZnO's 

photocatalytic efficiency has often been limited by 

the fast recombination of photogenerated electron-

hole pairs and its restricted photoresponding range. 

To overcome these limitations, several strategies 

have been proposed, including structural design, 

noble metal loading, ion doping, and semiconductor 

coupling, to extend the light absorption range or 

suppress the electron-hole recombination of ZnO 

[7,8]. Carbonaceous materials, such as activated 

carbon, carbon nanotubes, and graphene, are of great 

interest due to their unique pore structure, electronic 

properties, adsorptive capacity, and acidity [9]. 

Graphitic C3N4 (g-C3N4) has attracted significant 

attention among the vast majority of semiconductor 

photocatalysts due to its excellent light harvesting, 

high mechanical strength, and high thermal and 

photochemical stability, as well as its non-toxic 

properties [10–13]. Graphene-based materials have 

been extensively developed for the removal of water 

pollutants using technologies such as adsorption and 

photocatalytic degradation [14]. 

Methylene blue is a commonly used dye in various 

industries, including textiles, paper, rubber, plastics, 

leather, cosmetics, pharmaceuticals, and food [15]. 

However, effluents discharged from these industries 

often contain residues of dyes, and even extremely 

low concentrations can be highly visible. 

Discharging colored wastewater without proper 

treatment can lead to a range of problems, including 

an increase in chemical oxygen demand (COD) in 

the water body and an increase in toxicity [16–18]. 

Methylene Blue (MB) is widely used for studying 

photodegradation due to its beneficial 

characteristics. It exhibits high sensitivity to light, 

particularly in the visible range, making it suitable 

for evaluating photocatalytic processes. MB is 

chemically stable, allowing precise measurement of 

degradation rates and ensuring that observed 

changes result from photocatalysis rather than 

spontaneous decomposition [19–21]. Its strong 

absorption in the visible spectrum, particularly 

around 665 nm, enables convenient monitoring of 

concentration changes using techniques like UV-Vis 

spectroscopy [22]. MB serves as a representative 

model compound, sharing similarities in structure 

and reactivity with organic pollutants found in 

wastewater and environmental contaminants. The 

study of MB degradation provides valuable insights 
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into the effectiveness and applicability of 

photocatalysts for treating other organic pollutants 

[23].  

This study reports the synthesis of a ZnO/g-C3N4 

nanocomposite and its application in the 

photocatalytic removal of MB from wastewater 

under visible light. The effects of various operating 

parameters, including photocatalyst dosage, pH, 

reusability, initial MB concentration, oxidant 

concentration, and irradiation time, were 

investigated to determine their impact on MB 

removal efficiency. These findings offer valuable 

insights for the optimization of photocatalytic 

processes and the development of more efficient 

wastewater treatment technologies. 

2. Experimental 

2.1. Materials 

All reagents used in this study were purchased from 

Merck (Germany) and were used without further 

purification. These reagents include Zinc acetate 

dihydrate (Zn(Ac)2·2H2O), Urea (CO(NH₂)₂), 

Sodium Hydroxide (NaOH), Hydrochloric acid 

(HCl), Ammonium persulfate ((NH4)2S2O8), 

Hydrogen peroxide (H2O2), Potassium iodate 

(KIO3), Potassium bromate (KBrO3), Acetone 

(C3H6O), Ethanol (C2H6O) and Methylene Blue. 

Table 1. Materials 

name 
chemical 

formula 

molecular 

mass 

(g/mol) 

Zinc acetate dihydrate (Zn(Ac)2·2H2O) 219.49 

Urea (CO(NH₂)₂) 60.06 

Sodium hydroxide (NaOH) 40.00 

Hydrochloric acid (HCl) 36.46 

Ammonium persulfate ((NH4)2S2O8) 228.18 

Hydrogen peroxide (H2O2) 34.01 

Potassium iodate (KIO3) 214.00 

Potassium bromate (KBrO3) 167.00 

Acetone (C3H6O) 58.08 

Ethanol (C2H6O) 46.08 

Methylene blue (C16H18N3SCl) 319.85 

 

 

2.2. Synthesis of g-C3N4 

Urea powder (10.0 g) was heated at a rate of 3 

°C/min to a temperature of 550 °C and held at that 

temperature for 3 hours (Fig. 1). The resulting 

product was obtained in powder form and consisted 

of g-C3N4 materials [24]. 

 

Fig. 1. Synthesis of g-C3N4 

2.3. Synthesis of ZnO nanoparticles 

The chemical precipitation method process involves 

the use of Zn(CH3COO)2.2H2O as the salt precursor 

and NaOH as the reducing agent to prepare Zinc 

Oxide nanoparticles (Fig. 2). To start, 0.01 mol of 

Zn(CH3COO)2.2H2O was dissolved in 50 mL of 

distilled water and stirred for 20 min. Separately, 

0.02 mol of Sodium hydroxide (NaOH) solution was 

mixed with 50 mL of distilled water and agitated 

under a gentle magnetic stirrer for 20 min. The 

NaOH solution was then slowly added drop by drop 

to the Zn(CH3COO)2.2H2O solution until the pH 

reached 9-10, and the mixture was stirred 

continuously for 30 min, resulting in the formation 

of gel-like solutions. The gel-like solution was 

filtered (using filter paper, Buchner funnel, and 

vacuum pump) and washed with distilled water 

repeatedly until the pH reached neutral. The sample 

was then cured in an oven at 100°C for 2 hours and 

calcinated at a rate of 5 °C/min up to a temperature 

of 400 °C, where it was held for 3 hours [25,26]. 
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Fig. 2. Synthesis of ZnO 

2.4. Preparation of ZnO/gC3N4 Nanocomposites 

In this study, a ZnO/g-C3N4 nanocomposite was 

synthesized using an ultrasound bath (Fig. 3). 

Nanocomposites with varying percentages of ZnO 

(5, 10, 15, 20 and 25 mol%) were prepared. To 

synthesize the 20% mol nanocomposite, 0.4 g of 

ZnO nanoparticles were added to 40 mL of water 

and stirred for 10 minutes. The mixture was then 

subjected to an ultrasonic bath for 20 minutes. 0.1 g 

of g-C3N4 was slowly added to the mixture and 

stirred for 10 minutes. Then the mixture was again 

placed in the ultrasonic bath for 20 minutes. Then, 

the excess water in the solution was evaporated with 

the help of a heater and the remaining wet sediment 

was placed in an oven at a temperature of 100°C for 

1 hour to completely dry the sediment [27]. 

 

Fig. 3. Synthesis of ZnO/g-C3N4 nanocomposite 

2.5. Photocatalytic Test Characterization 

Techniques 

Photocatalytic activities of the synthesized  

ZnO/g-C3N4 nanocomposite were evaluated for 

degradation of MB under Visible irradiation (by a 

392.0 W Visible lamp, SON-T 400W E E40 SL/12). 

The photocatalytic decomposition of MB dye was 

carried out in glass beakers. 20 mg of the 

photocatalyst was added to a 50 ml aqueous dye 

solution with a concentration of 10-5 M. During the 

reaction the dye solution was stirred. First, the 

suspension was stirred in the dark for 15 minutes to 

achieve adsorption equilibrium. Subsequently, the 

suspension was exposed to visible light at intervals 

of 15 minutes, and this process was continued for 1 

hour. The molar amounts of MB before and after 

each step of irradiation were determined by 

measuring the absorbance at 664 nm using a 

spectrophotometer [28,29]. 

The photocatalytic decomposition was determined 

from the Eq. (1)  

Photocatalytic decomposition =  

(C0 −C)/C0 = (A0 −A)/A0  
(1) 

2.6. Characterization Techniques 

Sample characterization was performed using 

various techniques such as X-ray diffraction (XRD), 

field emission scanning electron microscopy 

(FESEM), Fourier-transform infrared spectroscopy 

(FT-IR), and diffuse reflectance spectroscopy 

(DRS). To investigate the morphology and particle 

sizes of the ZnO and ZnO/g-C3N4 samples, Field 

Emission Scanning Electron Microscopy (FE-SEM) 

images were obtained. The Energy-Dispersive  

X-ray spectroscopy (EDS, EDXS) system was used 

for the compositional analysis of the doped samples. 

For optical properties, the UV-Visible reflectance 

spectra were recorded at room temperature in the 

reflectance mode by investigating the evolution of 

the absorbance.  

3. Result and discussion 

3.1. Characterisation of photocatalysts 

3.1.1 XRD analysis 

Figure 4 illustrates the powder X-ray diffraction 

patterns for ZnO, g-C3N4, and ZnO/g-C3N4. 
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According to the XRD analysis results, Zinc oxide 

exhibits a hexagonal wurtzite crystal structure, while 

graphite carbon nitride has a hexagonal structure. 

Additionally, no impurity phases were detected in 

either material. In Figure 4, the diffraction peaks of 

pure ZnO are sharp and intense, indicating a highly 

crystalline sample. Conversely, in Figure 4, the 

diffraction peaks of g-C3N4 are broad and weak, 

suggesting a small crystal size for this sample. The 

XRD pattern of g-C3N4 exhibits two prominent 

peaks at 13.24◦ and 27.66◦, corresponding to 

diffraction planes (100) and (002), respectively. 

These peaks indicate the presence of a hexagonal 

phase of g-C3N4, which was identified as JCPDS No. 

01-087-1526. The weak diffraction peak at 2θ of 

13.24◦ is due to repeating tri-s-triazine units 

arranged in a planar configuration, while the 

strongest diffraction peak at 2θ of 27.66◦, 

comparable to previously reported results, is 

attributed to the graphitic-like structure interlayer 

stacking [30,31]. The XRD pattern of ZnO 

nanoparticles is presented in Fig 4. The diffractions 

observed at 2θ values of 32.05˚, 34.70˚, 36.53˚, 

47.79˚, 56.84˚, 63.08˚, 60.66˚, 68.16˚, 69.29˚, 72.75˚ 

and 77.17˚ correspond to the (100), (002), (101), 

(102), (110), (103), (200), (112), (201), (004) and 

(202) crystal planes, respectively. This pattern 

matches well with the JCDPS reference card number 

080-01-0075 [32,33]. The XRD patterns of ZnO/g-

C3N4 photocatalysts are nearly identical to that of 

pure ZnO, indicating that the crystal structure 

remains unchanged after the co-doping process with 

ZnO and g-C3N4. The XRD pattern of ZnO/g-C3N4 

did not exhibit any detectable peaks corresponding 

to a separate dopant phase. This may be due to the 

low concentration of g-C3N4, which could not be 

distinguished as a separate phase. G-C3N4 may have 

been distributed within the lattice of ZnO, resulting 

in only the reflections of ZnO's hexagonal wurtzite 

crystal structure being observed in the XRD 

patterns. The doping of g-C3N4 was found to 

decrease the grain size and increase the surface area 

of the nanocomposite. The average grain size was 

calculated using Scherrer's equation, which is based 

on the full width at half-maximum (FWHM) of the 

peak of the compounds. The sizes of the ZnO and  

g-C3N4 nanoparticles, as well as the ZnO/g-C3N4 

nanocomposite, were measured as 33.06 nm, 12.93 

nm, and 28.15 nm, respectively.  

𝐷 = 0.89𝜆 /𝛽 cosθ            (2) 

 

Fig. 4. XRD pattern for of ZnO, g-C3N4, and ZnO/g-C3N4 

nanocomposite 

3.1.2 Morphology and Compositional Analysis 

The morphology and particle sizes of the ZnO and 

15 mol% ZnO/g-C3N4 samples were analyzed using 

scanning electron microscopy. Figure 5 shows the 

scanning electron micrographs of the ZnO and 

ZnO/g-C3N4 nanocomposite. The scanning electron 

microscopy (SEM) images in Fig. 5(a) and Fig. 5(b) 

demonstrate that both ZnO nanoparticles and 

ZnO/g-C3N4 nanocomposite have an average size of 

less than 100 nm. The morphology of these samples 

is characterized by agglomerates of primary 

particles with an irregular shape.  

An energy-dispersive X-ray (EDX) spectroscopy 

analysis was performed to determine the chemical 

composition of the synthesized ZnO/g-C3N4 

nanocomposites. Figure 6 displays the EDX 

spectroscopy results for the 15 mol% ZnO/g-C3N4 

sample, which clearly show the presence of Zn, O, 

C, and N elements. The spectrum reveals the 

existence of Zn-O-C and N, indicating that the 

nanocomposites are composed of Zinc and doping 

elements. 
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(a) 

 

(b) 

Fig. 5. Scanning electron microscopy (SEM) images of (a) ZnO 

nanoparticles and (b) ZnO/g-C3N4 nanocomposite 
 

 

Fig. 6. Energy-dispersive X-ray (EDX) spectroscopy of the 
synthesized ZnO/g-C3N4 nanocomposites 

3.1.3 UV-Visible Diffuse Reflectance Spectra 

(DRS) 

UV-Visible diffuse reflectance spectroscopy 

provides valuable insight into the interactions 

between photocatalyst materials and photon 

energies. Figure 7 illustrates the reflectance spectra 

of ZnO, g-C3N4, and a 15 mol% ZnO/g-C3N4 

nanocomposite. The results show that the absorption 

edge of pure ZnO occurs at approximately 387.54 

nm, corresponding to a band gap energy of 3.20 eV. 

In contrast, the absorption edge of the ZnO/g-C3N4 

nanocomposite is shifted towards longer 

wavelengths, occurring at approximately 451.17 

nm, which corresponds to a narrower band gap 

energy of 2.74 eV. Pure ZnO exhibits strong light 

absorption at 387.54 nm and no absorption in the 

visible light range. However, in the ZnO/g-C3N4 

nanocomposite, the addition of g-C3N4 causes a shift 

in optical absorption edge towards the visible 

region. This shift towards longer wavelengths is 

attributed to the band gap narrowing of Zinc oxide 

due to the incorporation of g-C3N4. As a result, the 

absorption spectrum of ZnO in the nanocomposite 

extends from 387.54 nm to 451.17 nm, 

encompassing the visible region. These findings 

demonstrate that the addition of g-C3N4 significantly 

alters the absorption spectrum of ZnO in the 

nanocomposite. The band gap energy of the doped 

and co-doped samples can be determined by 

applying Eq. (3), where λ represents the wavelength 

(nm) of the exciting light. 
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(α·hν)1/γ=B(hν − Eg)                                                       (3) 

 

(a) 

 

(b) 

Fig. 7. (a) Diffuse reflectance spectra of ZnO, g-C3N4, and 15 

mol% ZnO/g-C3N4 nanocomposite and (b) corresponding Tauc 
plots 

3.1.4 Fourier-transform infrared spectroscopy 

(FTIR) 

Figure 8 displays the FT-IR spectra of the powder 

samples, which were recorded in the range of 4000 

to 400 cm−1. The spectra exhibit a prominent 

absorption band at 3426 cm−1, attributed to the 

stretching vibration of non-chemically bonded OH 

groups, and a band at 1632 cm−1, assigned to the 

bending vibrations of H-O-H. Additionally, the 

absorption band around 1411 cm-1 corresponds to 

the bending vibration of C-H stretching. The peaks 

observed at 427 to 505 cm−1 are attributed to the Zn-

O stretching vibrations.  

The peaks at 1638 cm−1 and 1243 cm−1 correspond 

to the C=N and C–N stretching vibrations in g-C3N4, 

respectively. The sharp absorption peak centered at 

approximately 810 cm−1 is attributed to the 

characteristic breathing mode of tri-s-triazine 

cycles. In addition, the absorption band at 889 cm−1 

can be assigned to the deformation mode of N-H in 

amino groups. The broadened peaks observed 

between 3192 cm−1 are related to the stretching 

vibrations [34,35].  

 

Fig. 8. FTIR spectra of ZnO, g-C3N4, and 15 mol% ZnO/g-C3N4 
nanocomposite 

3.2. Visible Light-Induced Photocatalytic Activity 

Studies 

3.2.1 Photodegradability of Methylene Blue (MB) 

To evaluate the photocatalytic activity of the 

samples, MB was selected as a model contaminant 

in the photocatalytic experiments. In the absence of 

ZnO, direct Visible irradiation did not cause any 

degradation of the MB concentration. However, in 

the presence of ZnO and the absence of Visible light, 

the MB concentration remained stable, and 

adsorption was identified as the cause of the 

decrease in MB concentration. To test the photolysis 

of a 50 ml 10−5 M MB aqueous solution, a pure ZnO 

photocatalyst was utilized. The results showed that 

the MB was degraded by approximately 24% in an 

hour upon irradiation with Visible light in the 

presence of ZnO, as depicted in Figure 9. These 

findings indicate that the photocatalytic reactions 

were initiated by the photocatalyst in conjunction 
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with light irradiation, resulting in the degradation of 

the MB aqueous solution.  

 

Fig. 9. The photodegradability of MB was studied in both the 
absence and presence of ZnO (Experimental conditions: pH = 7, 

catalyst weights= 60 mg, dye concentration = 1×10−5 M and 

irradiation time = 60 min) 

3.2.2 Effect of Concentration of Doping Elements 

Figure 10 displays the results of a study on the 

photodecomposition of MB over ZnO/g-C3N4 with 

different concentrations of ZnO under visible 

irradiation. Doping g-C3N4 with ZnO can alter the 

efficiency of the material by acting as a mediator of 

interfacial charge transfer or a recombination center. 

The efficiency of photodecomposition can be 

influenced by various factors such as preparation 

method, doping concentration, the energy level of 

the dopant within the ZnO lattice, and the 

distribution of the dopant in the particle. Therefore, 

the optimal concentration of dopant can vary 

[36,37]. In Figure 10, all the co-doped samples 

exhibit considerably higher photodecomposition 

activity compared to pure ZnO. For the co-doped 

ZnO/g-C3N4 photocatalysts, the photocatalytic 

activities increase with increasing concentration of 

doping elements. The optimal concentration of 

doping elements is 15 mol% for the maximum 

photodecomposition of MB. The ZnO dopant can 

function as a charge trap, slowing down the electron-

hole combination rate and improving the interfacial 

charge transfer to degrade the MB within the 

appropriate concentration range of dopant (15 

mol%). However, when the concentration of 

dopants is too high, the recombination rate will 

increase [36,37]. 

 

Fig. 10. The photodegradation of MB in the presence of  

ZnO/g-C3N4 was investigated under visible irradiation at varying 

ZnO concentrations. (Experimental conditions: pH = 7, catalyst 
weights= 60 mg, dye concentration = 1×10−5 M and irradiation 

time = 60 min) 

3.2.3 Effect of Solution pH 

The photocatalytic degradation of MB was tested at 

various pH values ranging from 3 to 9. The 

degradation rate was observed to be highest at pH=9 

(Fig. 11). The higher degradation rate at pH=9 and 

decreased rates at lower pH can be attributed to the 

Point of Zero Charge (PZC) of ZnO. The PZC of 

ZnO was reported as 8, which means that the ZnO 

surface is positively charged below pH=8, whereas 

it is negatively charged under alkaline conditions 

(pH > 8) due to adsorbed OH− ions. The presence of 

a large amount of OH− ions on the ZnO surfaces at 

pH=9 as well as in the reaction medium promotes 

the formation of •OH. It has been confirmed that •OH 

are easily produced in an alkaline solution by 

oxidizing OH− available on photocatalyst surfaces, 

thus enhancing the efficiency of the degradation 

process. Additionally, the electrostatic attraction 

between the catalyst and MB (a cationic dye) results 

in an increase in both adsorption and the degree of 

photodegradation. However, the decrease in the 

initial rate of degradation under acidic conditions 

(pH < 7) may be due to the pH being lower than the 

PZC. The surface of ZnO is positively charged, and 
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MB may be repelled, resulting in a decrease in the 

adsorption of MB. Furthermore, the lower rate of 

degradation at pH=3 may be attributed to acid 

corrosion of ZnO [37,38]. 

 

Fig. 12. Effect of pH on the photocatalytic degradation of MB in 

presence 15 mol% ZnO/g-C3N4. (Experimental conditions: 
catalyst weights= 60 mg, dye concentration = 1×10−5 M and 

irradiation time = 60 min) 

3.2.4 Effect of Photocatalyst Dosage 

This passage describes investigating the impact of 

the weight of ZnO/g-C3N4 photocatalyst on the 

photodegradation of the dye pollutant MB. The 

results (Fig. 12) indicate that while increasing the 

photocatalyst weight from 20 to 40 mg leads to a 

slight increase in the degradation rate, using 20 mg 

of photocatalyst is optimal due to economic and 

environmental concerns. However, the extent of MB 

degradation increases with increasing catalyst 

amount and reaches a maximum of 79% after 60 

minutes when using 60 mg of the photocatalyst. 

Beyond this amount, the photoreaction rate 

decreases due to a decrease in visible light 

penetration caused by excess photocatalyst particles 

in the suspension and increasing opacity of the 

suspension. This reduces the availability of active 

catalytic sites for photodegradation [36,37]. 

Therefore, the optimal amount of the ZnO/g-C3N4 

photocatalyst for the photodegradation of MB is 20 

mg in 60 minutes. Additional experiments were 

conducted using this concentration of the 

photocatalyst.  

 

Fig. 32. Photodegradation of MB in presence different amount 

of 15 mol% ZnO/g-C3N4 under Visible irradiation. 

(Experimental conditions: pH = 9, dye concentration = 1×10−5 

M and irradiation time = 60 min) 

3.2.5 Effect of Initial Concentration of Methylene 

Blue on the Photodegradation 

This experiment focused on the photocatalytic 

degradation of MB at three different initial 

concentrations: 1×10−5 M, 2×10−5 M, and 3×10−5 M. 

The results show that as the concentration of dye 

increases from 1×10−5 M to 3×10−5 M, the 

degradation rate decreases (Fig. 13). This behavior 

can be explained by the fact that as the initial 

concentration rises, more organic substances adsorb 

onto the catalytic surface, which affects the 

photocatalytic activity of ZnO. This, in turn, reduces 

the generation of hydroxyl radicals, since there are 

fewer active sites available for the adsorption of 

hydroxyl ions and the generation of hydroxyl 

radicals. At high dye concentrations, the active sites 

become covered by dye ions. Additionally, as the 

concentration of MB solution increases, photons get 

intercepted before they can reach the catalyst 

surface, and the path length of photons entering into 

the dye solution decreases. This results in a 

reduction in the absorption of photons by the 

photocatalyst and a subsequent decrease in catalytic 

efficiency [36–38]. 
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Fig. 43. The effect of initial dye concentration on the 

photocatalytic degradation of MB in presence of 15 mol% ZnO/g-

C3N4 under Visible irradiation. (Experimental conditions: pH = 9, 

catalyst weights= 20 mg, dye concentration = 1×10−5 M and 
irradiation time = 60 min). 

3.2.6 Effect of Oxidants on the Photodegradation 

of Methylene Blue 

A study was conducted to examine the effect of 

different oxidants on the photocatalytic activity of 

ZnO/g-C3N4 nanocomposite. Four oxidants, namely 

hydrogen peroxide, ammonium persulfate, 

potassium iodate, and potassium bromate, were used 

at a concentration of 0.02 M each. The degradation 

rate of methylene blue dye was measured by varying 

the amount of oxidant added to the test medium 

(0.15, 0.25 and 0.4 ml). The results are presented in 

Figure 14. The presence of an oxidant enhanced the 

degradation percentage because oxidants can 

increase the electron-hole generation cycle and 

inhibit their recombination [39,40]. This results in 

more radicals for pollutant degradation. Among the 

oxidants, potassium iodate achieved the highest 

degradation rate of methylene blue dye at 0.25 and 

0.4 ml. However, since a lower amount of oxidant is 

desirable, 0.25 ml of potassium iodate (0.02 M) was 

selected as the optimal oxidant for ZnO/g-C3N4 

nanocomposite in the degradation of methylene blue 

dye.  

 

(a) 

 

(b) 

Fig. 54. The effect of initial dye concentration on the 

photocatalytic degradation of MB in presence of 15 mol% ZnO/g-
C3N4 under Visible irradiation. (Experimental conditions: pH = 9, 

catalyst weights= 20 mg, dye concentration = 1×10−5 M and 

irradiation time = 60 min) 

3.2.7 Effect of irradiation time on the 

Photodegradation of Methylene Blue 

Effect of irradiation time on the photocatalytic 

activity of ZnO/g-C3N4 nanocomposite was 

explored. The photocatalyst was exposed to visible 

light for 60, 75, 90 and 120 minutes. The results are 

shown in figure 15. The data showed that the 

degradation of methylene blue increased with the 

irradiation time and the exposure of the 

photocatalyst to visible light. This was because more 

electron-holes were generated and the photocatalyst 

had more time to react and destroy the dye. 

However, this effect reached a maximum and then 

increasing the time did not have a significant impact 

on the dye degradation. For this reason, after the 
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degradation rate reached its maximum in 90 

minutes, the increase in time had no effect and the 

rate of change was very slow. Based on this, 90 

minutes was chosen as the optimal time.  

 

Fig. 65. Effect of irradiation time on the Photodegradation of MB 

in presence of 15 mol% ZnO/g-C3N4 under Visible irradiation. 
(Experimental conditions: pH = 9, catalyst weights= 20 mg, dye 

concentration = 1×10−5 M) 

3.2.8 The reusability of ZnO/g-C3N4 

nanocomposite 

The reusability of the ZnO/g-C3N4 photocatalyst for 

the degradation of Methylene Blue was evaluated. A 

desirable feature of a photocatalyst is the ability to 

use it several times for dye degradation. To achieve 

this, the photocatalyst was separated from the test 

sample using a centrifuge and collected after each 

test. It was then washed with alcohol, acetone and 

water in several steps to remove the dye adsorbed on 

the surface of the photocatalyst. The washed 

photocatalyst was dried in the oven and prepared for 

reuse. The test conditions were kept the same in each 

reuse. Figure 16 shows the degradation of methylene 

blue by ZnO/g-C3N4 photocatalyst after 5 cycles. 

The degradation of methylene blue dye by the 

photocatalyst decreased from 94.78 to 88.56% in 5 

consecutive uses, as shown. This decrease can be 

due to the blocking of some active sites of the 

photocatalyst that cannot be recovered [41]. 

However, the reduction of 6.22% in the degradation 

rate after 5 uses of the photocatalyst is satisfactory. 

The degradation efficiency still exceeds 89% after 

using for five cycles as illustrated in Fig. 12, which 

implies that the ZnO/g-C3N4 photocatalyst has good 

stability. 

 

Fig. 76. The reusability of ZnO/g-C3N4 nanocomposite. 

(Experimental conditions: pH = 9, catalyst weights= 20 mg, dye 

concentration = 1×10−5 M and irradiation time = 60 min) 

4. Photocatalytic mechanism 

The ZnO/g-C3N4 nanocomposite sample resulted in 

enhanced adsorption and photoactivity than pure 

ZnO. This response could be because of two main 

evolutionary processes between the two variants, 

that is, increased surface area and smaller band gap, 

which support the phenomenon of synergism 

between adsorption and photocatalytic process (Fig. 

17) [42]. The increased surface area in the case of 

the ZnO/g-C3N4 sample can provide more active 

sites during the photocatalytic reaction, thus 

producing more photogenerated electrons, and it can 

also lead to lower recombination of photogenerated 

charge carriers. The conduction band (CB) edge of 

ZnO (−0.5 eV) lies within the valence band (VB) 

(+1.4 eV) and cb (−1.3 eV) of g-C3N4, thus forming 

a temporary trapping site for photogenerated holes 

and electrons because of incorporated ZnO, which 

could trap the photo-induced electrons transferred to 

the CB of g-C3N4 from the VB under visible light 

irradiation. Simultaneously, holes from the VB of 

ZnO get injected into that g-C3N4 [43,44]. Thus, 

ZnO/g-C3N4 could lead to improved photo-

generated charge carrier separation, hence 

encouraging the process of interfacial electron 
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transfer. The electron acceptors existing in the 

system or absorbed on the surface of ZnO, such as 

O2, react with trapped electrons undergoing 

photoreduction to form reactive oxygen radicals 

•O2
−. This is because the O2/O2

− redox potential lies 

at −0.33 eV [45]. The redox potential of •OH/OH− 

lies at +1.99, and therefore, the photogenerated 

holes on the g-C3N4 surface cannot react with •OH− 

or H2O molecules to form •OH radicals. In turn, the 

holes in the VB of g-C3N4 can possibly oxidize the 

MB dye as supported by the effect of oxidant 

causing hindrance to photoactivity. This improves 

the transfer of charge carriers, and the 

recombination of photo-generated e−/ h+ pairs is 

effectively delayed by ZnO doping [46]. This can be 

explained with equations as follows [47]:  

ZnO/g-C3N4 → hν → e−/h+ pairs 

e− + O2 → •O2
− 

2e− + O2 + 2H+ → H2O2   

H2O2 + •O2
− → •OH + OH− + O2 

h+ + H2O → •OH + H+ 

h+ + OH− → •OH 

•OH + h+ + MB → degradation products 

 

Fig. 87. Light-induced degradation of MB dye by ZnO/g-C3N4 
hybrid heterojunction semiconductor photocatalyst under visible 

light  

5. Kinetic studies of the degradation of methylene 

blue 

In this study, the kinetics of Methylene Blue (MB) 

degradation using ZnO/g-C3N4 photocatalyst were 

investigated. Various kinetic models, including 

zero-order, first-order, and second-order, were 

examined to determine the degradation rate. Several 

parameters were found to influence the degradation 

process, such as the concentration of doping 

elements, photocatalyst dosage, pH, initial 

concentration of Methylene Blue, the effect of 

oxidants and irradiation time[48] . 

The degradation of MB occurs in two distinct steps: 

the first step took place in darkness; where initial 

adsorption occurs; while the second step occurs in 

the presence of visible light. Two different 

approaches were taken to analyse the kinetics. In the 

first approach, only the data from the photocatalytic 

part of the experiment were considered, excluding 

the dark stage and absorption measurements. In the 

second approach, the experiment was conducted 

from the beginning of the dark stage until the end of 

the photocatalytic stage, allowing the observation of 

the absorption's influence on the overall change in 

kinetic order throughout the process 

(Supplementary data Table 1-5). 

Based on the analysis, the photodegradation of MB 

was found to be best described by the pseudo-

second-order model. The correlation coefficients 

(R2) for the pseudo-second-order model were 

steadily closer to 1, indicating a better fit to 

experimental data which can be interpreted as larger 

involvement from adsorption into the overall 

photodegradation process. 

5. Conclusions 

In this study, the synthesis and characterization of 

Zinc oxide (ZnO) nanoparticles and graphite carbon 

nitride (g-C3N4) were explored for efficient 

photocatalytic dye degradation under visible 

irradiation. 

1. Synthesis Methods: 

- ZnO Nanoparticles: ZnO was synthesized 

nanoparticles using the Chemical Precipitation 

method. This approach allowed precise control over 

particle size and uniformity, critical for efficient 

photocatalysis. 
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- Graphite Carbon Nitride (g-C3N4): Synthesis of g-

C3N4 involved thermal decomposition. The resulting 

hexagonal structure exhibited excellent stability, 

making it an ideal partner for ZnO in the 

nanocomposite. 

- Co-Doped ZnO/g-C3N4 Nanocomposites: By 

combining ZnO and g-C3N4, nanocomposites were 

prepared using the Ultrasonic method. Co-doping 

introduced synergistic effects, enhancing 

photocatalytic performance. 

2. Structural Analysis: 

- XRD Analysis: Our X-ray diffraction (XRD) 

studies confirmed the hexagonal wurtzite crystal 

structure of ZnO. This high crystallinity ensures 

efficient charge transfer during photocatalysis. 

- Graphite Carbon Nitride: The g-C3N4 material 

maintained a well-defined hexagonal structure, 

devoid of impurity phases. Its stability is crucial for 

sustained photocatalytic activity. 

3. Morphology and Particle Sizes: 

- Scanning Electron Microscopy (SEM): Detailed 

SEM imaging revealed that both ZnO nanoparticles 

and ZnO/g-C3N4 nanocomposites possessed an 

average particle size of less than 100 nm. Their 

irregular agglomerates contribute to unique 

morphological features, providing ample surface 

area for dye adsorption. 

4. Composition: 

- EDX Spectroscopy: Elemental analysis using 

Energy-Dispersive X-ray Spectroscopy (EDX) 

identified the presence of Zn, O, C, and N elements 

in the 15 mol% ZnO/g-C3N4 sample. This 

composition signifies successful doping of Zinc and 

other elements, enhancing the photocatalytic 

properties. The synergistic effect of co-doping 

contributes to efficient charge separation and 

utilization. 

5. UV-Visible Absorption: 

- Broadened Absorption Spectrum: Incorporating g-

C3N4 into ZnO extended the absorption spectrum. 

The resulting nanocomposite absorbed light in the 

visible region (387.54 nm to 451.17 nm). This 

expansion allows utilization of a broader range of 

solar energy for photocatalysis. 

The ZnO/g-C3N4 nanocomposite holds immense 

promise for efficient photodegradation of methylene 

blue (MB) under visible light. By combining the 

advantages of both materials—ZnO's high 

crystallinity and g-C3N4's stability and adsorption 

capacity enhanced photocatalytic performance was 

achieved. This finding is pivotal for environmental 

remediation and wastewater treatment. 

Our study bridges the gap between fundamental 

research and practical impact, emphasizing the 

potential of ZnO/g-C3N4 as a sustainable solution. 

As we move forward, scalability, long-term 

stability, and real-world implementation should be 

at the forefront of further investigations. In 

conclusion, our research not only sheds light on the 

fascinating interplay of nanocomposite materials but 

also contributes to a cleaner and greener future. The 

ZnO/g-C3N4 nanocomposite, with its visible-light-

driven photocatalytic ability, stands as a inspiration 

for addressing environmental challenges to explore 

innovative solutions that harmonize science and 

sustainability. 
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