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Abstract 

In the present study, a ZnO-TiO₂/g-C₃N₄ composite was successfully prepared by hydrothermal synthesis. 
XRD results confirmed the successful formation of the composite structure. The surface morphology, as 
observed by field-emission scanning electron microscopy, revealed that the material predominantly 
consisted of particles approximately 200 to 300 nm in size, together with a small number of rod-like 
structures. The UV–Vis spectra indicated that the composite exhibited absorption in the visible-light 
region. Photocatalytic degradation experiments using DB71 showed that the ZnO-TiO₂/g-C₃N₄ composite 
synthesized at 120 °C achieved a DB71 degradation efficiency of 27% in aqueous solution under visible-
light irradiation. These results suggest that the ZnO-TiO₂/g-C₃N₄ composite has potential for application 
in the visible-light-driven treatment of DB71-contaminated water. 
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1. Introduction 

Zinc oxide (ZnO) is a direct-band-gap semiconductor with a band-gap energy of approximately 3.37 

eV at room temperature. It has been widely investigated for diverse applications, including 
optoelectronics, sensors, energy storage, photocatalysis and pharmaceutical-related technologies [1]–[3]. 
In photocatalytic applications, ZnO has gained substantial attention because of its low cost, high thermal 
stability and ease of synthesis using various methods [1], [2], [4]–[10]. However, the relatively wide band 
gap of ZnO restricts its effective photocatalytic activity primarily to the near-ultraviolet region. In 
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addition, the rapid recombination of photogenerated electrons and holes results in low dye-degradation 
efficiency. 

Similar to ZnO, TiO₂ is a wide-band-gap semiconductor, approximately 3.2 eV, with high chemical 
stability, environmental compatibility and low cost [11]–[18]. However, its wide band gap, TiO₂ restricts, 
strong photocatalytic activity primarily in the near-ultraviolet (NUV) region. Moreover, rapid electron–
hole recombination further limits its degradation efficiency. To overcome the limitations of ZnO and 
TiO₂, modification strategies, such as transition-metal-ion doping and hybridization with materials 

including g-C₃N₄ and MoS₂ have been widely employed. Among these materials, g-C₃N₄ which has a 
relatively narrow band gap, is considered a promising candidate. Formation of a ZnO-TiO₂/g-C₃N₄ 

composite may modify the band structures of ZnO and TiO₂ and inhibit the recombination of 
photoinduced electrons and holes, thereby enhancing photocatalytic degradation efficiency under visible-

light illumination. Although several studies on ZnO–TiO₂/g-C₃N₄ nanocomposites have been reported 
worldwide, their synthesis procedures remain relatively complex, and the reported performance remains 
limited [19][20]. 

In this study, we synthesized a ZnO-TiO₂/g-C₃N₄ composite via the hydrothermal method and 
investigated its ability to degrade DB71 in water under visible-light irradiation. A mechanism responsible 
for the enhanced photocatalytic degradation of DB71 by the ZnO-TiO₂/g-C₃N₄ nanocomposite are 
proposed and discussed in detail. 

2. Materials and Methods  

2.1. Chemicals 

The starting materials include Titanium(IV) oxide (TiO2), 98%, Zinc acetate dihydrate ( 
Zn(CH3COO)2. 2H2O, 99.9%), Urea ((CH₄N₂O), 99%), sodium hydroxide (NaOH,96%), and 

hydrochloric acid (HCl, 36~38%) were purchased from Xilong Scientific Co., China. Direct Blue 71 
(DB71, C₄₀H₂₃N₇Na₄O₁₃S₄, 50%) was obtained from Xiamen Hisunny Chemical Co., China. All chemicals 

were used as received without further purification. Distilled water was employed in all photocatalytic 
activity evaluations. 

2.2. Synthesis of the ZnO-TiO2/g-C3N4 nanocomposites 

2.2.1. Synthesis of g-C3N4 

A layered g-C₃N₄ photocatalyst was fabricated via direct thermal polycondensation of 10 g of urea 
at 550 °C for 2 h under air atmosphere. Thermal condensation of the precursor resulted in the formation 
of highly pure graphitic carbon nitride with a well-defined layered architecture. Owing to its superior 
structural stability, suitable visible-light absorption, and eco-friendly composition, the obtained material 
is considered highly attractive for photocatalytic and energy-related applications. 

2.2.2. Synthesis of ZnO-TiO2/g-C3N4 nanocomposites 

A calculated amount of graphitic carbon nitride (g-C₃N₄) was dispersed in 10 mL of deionized water 
in a 150 mL beaker and magnetically stirred for 5 min to obtain a homogeneous suspension. Subsequently, 

an appropriate quantities of titanium (IV) oxide (TiO2) and zinc acetate dihydrate (Zn(CH3COO)2. 2H2O) 
was added to the suspension under continuous stirring for 30 min. Then, 50 mL of 1M NaOH solution 
was slowly added dropwise to the mixture to facilitate precipitation. The resulting mixture was transferred 
into a Teflon-lined stainless-steel autoclave and maintained at 120 °C – 160 °C for 12h for hydrothermal 
treatment. After cooling to room temperature, the solid product was recovered by filtration, washed 
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thoroughly with deionized water and ethanol, and dried at 80 °C for 4 h. The dried sample was 

subsequently ground into a fine powder using an agate mortar and pestle prior to further characterization. 

 

Figure. 1. Synthesis process of ZnO-TiO2/g-C3N4 synthsized at various temperatures. 

2.3. Characterization  

X-ray diffraction (XRD) patterns of the synthesized phosphors were obtained using an Empyrean 

diffractometer (Malvern Panalytical, UK) equipped with Cu Kα radiation (λ = 1.5406 Å) over a 2 range 

of 10° to 80° with a scanning step size of approximately 0.0033°. The surface morphology and elemental 
composition of the phosphors were characterized by field-emission scanning electron microscopy 

(FESEM) and energy-dispersive X-ray spectroscopy (EDS) using a JSM -7600F microscope (JEOL, 
Japan). The optical properties were investigated through solid-state UV–Vis absorption spectroscopy 
(JASCO V-750). The adsorption and photocatalytic degradation of DB71 dyes were monitored based on 
UV–Vis absorption spectra recorded with a Shimadzu UV-2450 spectrophotometer. 

3. Results and Discussion 

3.1. XRD analysis 

Figure 2 presents the X-ray diffraction patterns of g-C₃N₄ and the ZnO-TiO₂/g-C₃N₄ composite 
materials synthesized hydrothermally at 120 °C, 140 °C, and 160 °C. The XRD pattern of g-C₃N₄ shows 
a characteristic diffraction peak at 2θ = 25.2°[19]. The X-ray diffraction patterns of the ZnO-TiO₂/g-C₃N₄ 
materials prepared at 120 °C, 140 °C and 160 °C show diffraction peaks at 2θ = 27.5°, 39.3°, 41.18°, 
44.14°, 54.2°, 56.78° and 62.56°, which can be indexed to the (110), (200), (111), (210), (211), (220) and 
(002) crystal planes, respectively, characteristic of the tetragonal rutile TiO₂ structure, and consistent with 
the standard PDF No. 01-1292 [17], [18], [20]–[22]. The ZnO crystals exhibit diffraction peaks at 2θ = 
31.77°, 34.42°, 36.25°, 67.96° and 69.1°, corresponding to the (100), (002), (101), (112) and (201) crystal 
planes, characteristic of the hexagonal P6₃mc structure, in agreement with the standard PDF No. 36-1451 
[2], [6], [9], [17]. The obtained results also indicate that the sample prepared at 160 °C exhibited the 
highest crystallinity. These findings verify the successful formation of the ZnO-TiO₂/g-C₃N₄ composite. 
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Figure. 2. XRD patterns of g-C3N4 and ZnO-TiO2/g-C3N4 synthsized at various temperatures. 

3.2. FESEM images  

 

Figure. 3. FESEM images of g-C3N4 (a) and ZnO-TiO2/g-C3N4 synthsized at various temperatures:  
(b) 120 C, (c) 140 C and (d) 160 C. 

Figure 3 shows that the g-C₃N₄ material possesses a sheet-like morphology with a characteristic size 
of approximately 300 nm. The ZnO-TiO₂/g-C₃N₄ composite samples synthesized at 120 °C, 140 °C and 
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160 °C exhibit similar morphologies, consisting mainly of particles together with a few rod-like structures. 

The particle size is in the range of approximately 200–300 nm.  

3.3. Optical properties  

 

Figure. 4. Reflectance spectra of ZnO-TiO2, g-C3N4 and ZnO-TiO2/g-C3N4 synthsized by the simple 
hydrothermal method. 

Figure 4 presents the UV–Vis diffuse reflectance spectra of ZnO-TiO₂, g-C₃N₄ and ZnO-TiO₂/g-
C₃N₄. The results reveal that ZnO-TiO₂ exhibits an absorption edge at 400–420 nm, indicating that its  
light absorption extends from the near-ultraviolet region toward the visible-light region. Meanwhile, the 
g-C₃N₄ sample shows absorption in the range of approximately 450–470 nm, which is in good agreement 
with the band-gap energy of g-C₃N₄ [11], [12], [18], [22], [25], [26]. The absorption region of the ZnO-
TiO₂/g-C₃N₄ composite lies between those of ZnO-TiO₂ and g-C₃N₄ and is red-shifted relative to that of 
ZnO-TiO₂. This result indicates that coupling with g-C₃N₄ broadened the light absorption range into the 

visible region. In addition, the reflectance intensity of the composite sample decreased in the 400–500 nm 
range compared with ZnO-TiO₂, indicating the enhanced light-harvesting ability of the composite 

material. The shift in the absorption edge provides further evidence for formation of the ZnO-TiO₂/g-C₃N₄ 
heterostructure. 

3.4. Photocatalytic properties 

To assess the practical potential of the ZnO-TiO₂/g-C₃N₄ composite, its photocatalytic activity toward 
DB71 degradation in aqueous solution under visible-light irradiation was evaluated. The photocatalytic 
process utilized 0.01 g ZnO-TiO₂/g-C₃N₄ composite per 50 mL DB 71 solution (1.0×10⁻⁵ mol.L⁻¹) at pH 

= 7. Samples were irradiated with visible light for 180 minutes using a 60 W incandescent lamp. The 
results in Figure 5a show that pure g-C₃N₄ exhibited very low photocatalytic activity, achieving only 5% 

degradation after 180 min of visible-light irradiation. In comparison, the ZnO-TiO₂/g-C₃N₄ composite 
synthesized at 120°C showed significantly improved performance, with a degradation efficiency of 

approximately 27% after 180 min. The sample prepared at 140 °C also exhibited enhanced activity, 
reaching approximately 23% degradation after 180 min. However, when the synthesis temperature was 
increased to 160 °C, the photocatalytic performance decreased markedly, with a degradation efficiency 
of only approximately 10% after 180 min. 
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Figure. 5. (a) The degradation efficiency of Direct Blue 71 using the ZnO-TiO2/g-C3N4 NPCs under visible-light 
illumination. (b) Schematic diagram of the proposed mechanism underlying the enhanced photocatalytic activity 

of the ZnO-TiO2/g-C3N4 NPCs.  

The temperature-dependent variation in photocatalytic efficiency may be related to the formation of 

a more highly crystallized rutile phase at 140 °C and 160 °C, because rutile TiO₂ generally shows lower 
photocatalytic activity than the anatase phase. Overall, the obtained results demonstrate that the ZnO-
TiO₂/g-C₃N₄ composite enhances the degradation efficiency of DB71 in water under visible-light 
irradiation, with the optimum performance observed for the sample synthesized hydrothermally at 120°C 
[11], [18], [22], [26], [27]. Figure 5b illustrates the mechanism of DB71 degradation by the ZnO-TiO₂/g-
C₃N₄ composite under visible-light irradiation. The mechanism can be explained as follows: Under 
visible-light irradiation, g-C₃N₄ absorbs photons, driving electrons (e⁻) from the valence band (VB) to the 
conduction band (CB), leaving behind holes (h⁺) in the VB, readily migrate to the CB of ZnO and TiO2, 

esulting in a unidirectional electron flow and effectively suppressing e⁻/h⁺ recombination. The transferred 
electrons in the CB of ZnO, TiO2 react with dissolved O₂ to generate superoxide radicals (•O₂⁻), highly 

oxidative species capable of attacking and cleaving the molecular structures of DB71 [28]. Meanwhile, 
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the photogenerated holes (h⁺) in the VB oxidize H₂O to produce hydroxyl radicals (•OH) and protons 

(H⁺). These •OH radicals, with strong oxidative potential, further contribute to the degradation of organic 
pollutants[11], [18], [27]. 

  ZnO-TiO2/g-C3N4 + h  e- + h+       

  e- + O2 *O2
-          

  h+ + O2  *OH       

  h+ + H2O  H+ + *OH      
*OH + DB71  CO2 + H2O + intermediate products  
*O2

- + DB71  CO2 + H2O + intermediate products 

4. Conclusion 

The ZnO-TiO₂/g-C₃N₄ nanocomposite was successfully synthesized via a simple one-step 
hydrothermal method. The resulting composite predominantly exhibited a particle-like morphology with 

particle sizes of approximately 200–300 nm, and its crystal structure displayed characteristic diffraction 
peaks attributable to ZnO, TiO₂, and g-C₃N₄. Compared with pure g-C₃N₄, the ZnO-TiO₂/g-C₃N₄ 

composite showed enhanced photocatalytic activity toward DB71 degradation in aqueous solution under 
visible-light irradiation, reaching a degradation efficiency of 27% after 180 min. These findings suggest 
that the ZnO-TiO₂/g-C₃N₄ composite is a promising material for the effective treatment of DB71-
contaminated water. 
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