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Abstract. Semiconductor-based photocatalysts, such as ZnO and TiO2, are widely studied for the degradation of 

organic dyes in wastewater due to their stability and cost-effectiveness. However, ZnO alone suffers from rapid 

electron-hole recombination, limiting its photocatalytic performance, while TiO2 is limited by UV-only activation. 

Herein, TiO2/ZnO composites were synthesized with varying TiO2 loadings (5 wt.%, 10 wt.%, and 15 wt.%) using 

an ultrasonic-assisted chemical mixing method. The structural, morphological, and optical properties were 

comprehensively characterized using scanning electron microscopy (SEM) coupled with energy-dispersive X-ray 

spectroscopy (EDX), Fourier-transform infrared spectroscopy (FTIR), and photoluminescence spectroscopy (PL). 

SEM showed that the 10 wt.% TiO₂/ZnO composite exhibited the most uniform dispersion and porous 

morphology. FTIR confirmed Ti–O–Zn bond formation, while PL spectra indicated that 10 wt.% TiO₂ 

incorporation achieved the lowest emission intensity, signifying reduced recombination. Photocatalytic 

degradation of methyl orange (5 mg/L) under UV irradiation (6 Watt, λ = 325 nm) demonstrated that the 10 wt.% 

TiO₂/ZnO composite achieved the highest efficiency (89.2 %) with a rate constant, k of 0.02106 min⁻¹, surpassing 

pure ZnO (82.6 %) and pure TiO₂ (74.4 %). In contrast, 15 wt.% TiO₂/ZnO composite caused agglomeration and 

increased recombination, lowering activity. These results confirm that optimization of TiO₂ loading enhances 

heterojunction formation, promotes charge separation, and, consequently, enhances photocatalytic efficiency. The 

findings indicate that TiO₂/ZnO composites with controlled composition hold great potential for sustainable 

wastewater treatment. 

 

Keywords: Composites, methyl orange, photocatalyst, photocatalytic degradation, TiO2/ZnO. 

 
 

 

 

Article Info 
 

Received 5 January 2026 

Accepted 10 April 2026 

Published 8 June 2026 

 

*Corresponding author: hartinirafaie@uitm.edu.my 

Copyright Malaysian Journal of Microscopy (2026). All rights reserved. 

ISSN: 1823-7010, eISSN: 2600-7444 
 

 



Hartini Ahmad Rafaie et al. / Malaysian Journal of Microscopy 2026 22(1) 36-47 

 

 37 

1. INTRODUCTION

 
The rapid growth of the textile, pharmaceutical and chemical industries has significantly 

increased the discharge of dye-containing wastewater into the aquatic environment [1]. Methyl orange 

(MO), a common azo dye, is particularly concerned due to its chemical stability, toxicity, and resistance 

to biodegradation [2]. These persistent pollutants reduce light penetration in water bodies and pose 

serious risks to human health and ecosystem. Consequently, developing sustainable and 

environmentally friendly treatment technologies remains a global priority. While conventional methods 

like adsorption, coagulation and membrane filtration are effective, they offer from limitations [1, 2]. 

For instance, adsorption techniques primarily transfer pollutants from one phase to another without 

complete degradation, leading to secondary waste disposal issues [1]. Meanwhile, membrane filtration 

processes are hindered by high cost and fouling.  

 

To achieve complete mineralization of organic pollutants, heterogeneous photocatalysis has 

emerged as a promising advanced oxidation process (AOPs). This eco-friendly method can degrade 

organic contaminants into harmless end products such as CO2 and H2O under light irradiation [3]. 

Among various materials, titanium dioxide (TiO₂) and zinc oxide (ZnO) are extensively studied owing 

to their abundance, chemical stability, non-toxicity, and strong oxidative capabilities. However, both 

have drawbacks where TiO2 has a wide band gap (∼3.2 eV) restricts light absorption in the UV range, 

which constitutes only about 4-5 % of the solar spectrum [4]. Conversely, ZnO possesses comparable 

band gap energy (~3.37 eV) and often exhibits higher electron mobility but suffers from rapid 

recombination rates of photogenerated charge carriers, reducing its overall efficiency [5].  

 

Constructing heterojunction structures is an effective strategy to overcome these limitations. 

TiO₂/ZnO composites have attracted considerable attention due to their favorable band alignment, 

which facilitates the transfer of electrons and holes across the interface [6,7]. This separation prolongs 

the lifetime of charge carrier and enhances the generation of reactive species, such as hydroxyl radicals 

(OH) and superoxide anions (O2
-), which drive the degradation process [7]. Recent studies emphasize 

that interfacial engineering and compositional tuning are critical for modulating charge carrier dynamics 

and surface reactivity [8,9]. 

 

Despite these advancements, optimizing the TiO2 loading within ZnO matrices remains a 

challenge. Insufficient TiO2 may not effectively establish a heterojunction interface, limiting charge 

separation efficiency, while excessive loading can lead to particle agglomeration, surface blockage and 

the formation of recombination centers [10]. These effects make it difficult to achieve an optimal 

balance between structural integration, surface area, light absorption and charge carrier dynamics. 

Although several studies have reported TiO2/ZnO composites, systematic investigations correlating 

TiO2 content with structural, optical and photocatalytic properties are still limited [8-10]. 

 

Therefore, this study systematically investigates the effect of TiO2 loading (5, 10, 15 wt.%) on 

the structural, optical and photocatalytic properties of TiO₂/ZnO composites synthesized via an 

ultrasonic-assisted chemical mixing method. Characterization was performed using SEM-EDX, FTIR, 

PL, and UV-Visible spectroscopy. By establishing the relationship between composition, morphology 

and charge carrier behavior, this work identifies the optimal TiO2 content for maximizing photocatalytic 

efficiency and provides deeper insights into the design of efficient heterostructure photocatalysts for 

wastewater treatment applications. 

 

 

2. MATERIALS AND METHODS 

 

Commercial zinc oxide (ZnO, 99 %) and titanium oxide (TiO2, 99 %) were acquired from 

Sigma-Aldrich (Selangor, Malaysia).  The chemicals used in this study were of analytical grade and all 

chemicals were used as received without further purification. Deionized (DI) water was used 

consistently during both the photocatalyst preparation and the photocatalytic testing. Methyl orange 
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(MO) from Sigma-Aldrich (Selangor, Malaysia), a model azo dye, was used as the target organic 

pollutant due to its representative structure and strong chromophoric absorbance at 466 nm. 

 

2.1 Synthesis of TiO₂/ZnO Composites 

 

The TiO₂/ZnO composite photocatalysts were prepared by an ultrasonic-assisted chemical 

mixing method to ensure uniform dispersion and intimate interfacial contact between TiO2 and ZnO 

particles. Briefly, a known amount of ZnO and TiO₂ powder with different weight ratios were weighed 

and added into 100 mL of deionized (DI) water in a beaker. The suspension was subjected to an 

ultrasonication process for 60 minutes at room temperature using an ultrasonicator (SONICS Vibra-

Cell, 20 kHz, 750 W) to obtain homogeneous dispersion of the particles and initiate initial mixing. This 

was followed by continuous magnetic stirring for 2 hours to enhance the interfacial interaction between 

ZnO and TiO₂ particles. The suspensions were subsequently dried at 100 °C for 24 hours in a 

conventional oven to obtain dry composite powders. The dried powders were then ground to fine 

particles with an agate mortar and pestle and then kept in sealed containers for subsequent 

characterization and photocatalytic testing. To investigate the synergistic effects between ZnO and 

TiO2, different weight ratios of TiO2 as shown in Table 1 were prepared under the same conditions 

while pure ZnO and TiO2 were used for comparison purposes. 

 

Table 1: Composition of TiO₂/ZnO composites 

 

Sample ID ZnO (g) TiO₂ (g) TiO₂ Loading (wt.%) 

Pure ZnO 4.00 0 0 

Pure TiO₂ 0 4.00 0 

5 wt.% TiO₂/ZnO 3.80 0.20 5 

10 wt.%TiO₂/ZnO 3.60 0.40 10 

15 wt.% TiO₂/ZnO 3.40 0.60 15 

 

2.2 Characterization Techniques 

 

The structural and optical characteristics of the synthesized photocatalysts were analyzed using 

various analytical techniques. The morphology of the samples was examined by using a scanning 

electron microscope (SEM, TESCAN VEGA 3) equipped with an energy-dispersive X-ray (EDX) 

detector. Fourier-transform infrared (FTIR) spectroscopy was utilized to identify chemical bonds and 

functional groups within the range of 4000–400 cm⁻¹. Photoluminescence (PL) spectra were obtained 

using a JASCO FP-8500 Spectrofluorometer in the range of 350–750 nm at an excitation wavelength 

of 320 nm. UV–Visible absorbance spectra were recorded for photocatalytic degradation in the range 

of 300–700 nm, with methyl orange (MO) degradation monitored at 466 nm. These combined 

techniques provided valuable insights into the physicochemical properties that influence the 

photocatalytic performance of the TiO₂/ZnO composites. 

 

2.3 Photocatalytic Evaluation 

 

Photocatalytic degradation experiments under UV irradiation were performed to evaluate the 

performance of the synthesized composites. Figure 1 illustrates the experimental setup for 

photocatalytic degradation experiment. In a typical procedure, 20 mg of photocatalyst was dispersed in 

100 mL of 5 mg/L MO dye solution contained in a 250 mL beaker. The suspension was magnetically 

stirred in the dark for 30 minutes to allow adsorption-desorption equilibrium between the catalyst 

surface and MO dye molecules. After equilibration, the suspension was exposed to a 6-Watt UV lamp 

(λ = 325 nm, positioned 10 cm above the surface). The light intensity was not directly measured; 

however, the experimental conditions were kept constants for all samples to ensure valid comparison. 

During the irradiation process, 5 mL samples were collected at 10-minute intervals over a 90-minute 

period. Each sample was centrifuged at 5000 rpm for 5 minutes to remove any residual catalyst particles, 

and the supernatant was analyzed by using UV-Visible spectroscopy to measure the MO concentration. 
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Figure 1: Experimental setup for catalytic photodegradation of methyl orange (MO) 

 

The dye degradation efficiency was calculated using the following equation [11]: 

 

𝐷𝑒𝑔𝑟𝑎𝑑𝑎𝑡𝑖𝑜𝑛 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 (%) =
𝐶0−𝐶𝑡

𝐶0
                                                                                       (1)                                       

 

where Cₜ is the dye concentration at time t, and C₀ is the initial concentration at time 0. The initial 

concentration (C₀) was defined after the 30-minute dark adsorption-desorption equilibrium period, and 

this point was considered as t = 0, corresponding to the onset of UV irradiation. The degradation kinetics 

were analyzed using the pseudo-first-order kinetic model: 

 

 ln (
𝐶0

𝐶𝑡
) = 𝑘𝑡                                                                                                                            (2) 

 

where k is the apparent rate constant, and t is the irradiation time. 

 

 

3. RESULTS AND DISCUSSION 

 

3.1 Morphological and Elemental Composition 

 

            The surface morphologies and microstructural characteristics of pure ZnO, pure TiO2 and the 

synthesized TiO₂/ZnO composites were examined using scanning electron microscopy (SEM), while 

the elemental composition was analyzed through energy-dispersive X-ray spectroscopy (EDX). Figure 

2 displays the surface morphologies of pure ZnO, pure TiO₂, and TiO₂/ZnO composites at 1000x and 

5000x magnification. 

 
Pure ZnO (Figures 2(a) and 2(b)) exhibited irregular, agglomerated particles with rough 

surfaces, a typical feature of oxide nanoparticles with high surface energy. Such aggregation can limit 

photocatalytic efficiency by reducing the available surface area [7]. On the other hand, pure TiO₂ 

displayed smaller, more uniform grains with a smoother texture (Figures 2(c) and 2(d)). With TiO₂ 

incorporation, the surface morphology of ZnO gradually changed. As can be depicted in Figures 2(e) 

and 2(f), the 5 wt.% TiO₂/ZnO composites show a slight decreased in agglomeration, resulting in better 

particle dispersion. Upon further increases in the TiO₂ content, the 10 wt.% TiO₂/ZnO composite 

exhibited the most optimal morphology, featuring denser coverage and improved porosity as evident 

from Figures 2(g) and 2(h). This indicates that TiO₂ was evenly distributed throughout the ZnO matrix, 

resulting in a larger effective surface area and more active sites for dye adsorption and degradation. 

Similar morphological improvements through compositional tuning have been reported in recent 

heterostructure studies, where optimized loading prevents the self-aggregation of individual phases 
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[2,7]. In contrast, at a 15 wt.% TiO₂ loading, an excess of TiO₂ caused aggregation and surface blockage, 

which creates a shadowing effect that hinders light penetration and reduces the photocatalytic efficiency 

(Figures 2(i) and 2(j)) [6,10]. 

 

 

 
 

Figure 2: SEM micrographs of (a)-(b) pure ZnO, (c)-(d) pure TiO₂, (e)-(f) 5 wt.%, (g)-(h) 10 wt.%, 

and (i)-(j) 15 wt.% TiO₂/ZnO composites at magnifications of 1000x (a, c, e, g, i)  

and 5000x (b, d, f, h, j) 

 

 

Figure 3 depicts EDX elemental mapping of pure ZnO, pure TiO2 and 10 wt.% TiO2/ZnO 

composites that confirmed the presence and homogeneous distribution of Zn, Ti, and O elements across 

all composites. In addition, no foreign impurities were detected, confirming the purity of the synthesized 

materials. Uniform Ti dispersion is particularly crucial because localized Ti clusters could act as 

recombination centers, whereas homogeneity enhances interfacial contact and promotes efficient charge 

transfer between ZnO and TiO₂. The homogeneous distribution of Ti across ZnO particles enhanced 

interfacial charge transfer, consistent with recent reports [12]. 
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Figure 3: EDX analysis, along with elemental mapping and spectra of (a) pure ZnO, (b) pure TiO₂, 

and (c) 10 wt.% TiO₂/ZnO composites prepared via the chemical mixing method 

 

 

3.2 Functional Group and Bonding Characterization (FTIR) Analysis 

 

For the FTIR study, pure ZnO, pure TiO2, and the optimized 10 wt.% TiO2/ZnO composite 

were chosen as representative samples. This selection emphasizes the key chemical interactions and 

heterojunction formation at the most effective loading while allowing a direct comparison with the 

individual base materials. The 5 wt.% and 15 wt. composites were excluded in the spectra to avoid 

redundancy, as they exhibited comparable functional group features. Accordingly, Figure 4 presents the 

FTIR spectra of pure ZnO, pure TiO2 and the selected 10 wt.% TiO2/ZnO composites in the range 400 

– 4000 cm-1. A strong absorption band at around 540 cm⁻¹, assigned to Zn–O stretching vibrations was 

seen for pure ZnO [13]. Meanwhile, pure TiO₂ exhibits characteristic Ti–O–Ti and Ti–O vibrations in 

the region of 470–600 cm⁻¹. For the 10 wt % TiO2/ZnO composites, bands are detected at around 536 

and 676 cm⁻¹, which are attributed to Ti–O and Ti–O–O vibrations, respectively. The overlap and slight 

variation of the Zn–O and Ti–O bonds suggest possible interactions between the two oxides 

components, potentially indicating the formation of Ti–O–Zn linkages and minor lattice distortion. 

These interfacial interactions are associated with heterojunction formation, which facilitates charge 

transfer across the semiconductor interface.  
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Figure 4: FTIR spectrum of pure ZnO, pure TiO2 and 10 wt.% TiO2/ZnO composites 

 

 

3.3 Photoluminescence Analysis 

 

Photoluminescence (PL) spectra provided insights into charge recombination behavior. Figure 

5 shows the near-band-edge (NBE) emission peak in pure ZnO around 380 nm, which is attributed to 

excitonic recombination, along with additional visible emissions associated with oxygen vacancies. The 

high PL intensity signifies a substantial electron–hole recombination, which limits photocatalytic 

efficiency.  

 

 
 

Figure 5: PL spectra of pure ZnO, pure TiO2, 5 wt.%, 10 wt.% and 15 wt.% TiO₂/ZnO composites 
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In contrast, pure TiO₂ displayed very weak PL emission, suggesting low electron-hole recombination 

but also limited photoactivity under UV irradiation due to its wider band gap. For the 5 wt.% TiO₂/ZnO 

composite, the PL intensity was decreased compared with that of pure ZnO, indicating a partial 

suppression of recombination. At 10 wt.% loading, PL reached its lowest intensity, indicating the most 

efficient charge separation and the most effective heterojunction formation [14]. However, at 15 wt.%, 

PL intensity was found to increase again, suggesting that excessive TiO₂ introduced recombination 

centers or caused shielding effects that suppressed light absorption. Interestingly, a slight blue shift in 

emission peaks was observed with higher TiO₂ contents. This behavior can be attributed to lattice strain 

induced by the incorporation of Ti4+ ions into the ZnO lattice, leading to distortion of the crystal 

structure and modification of the electronic band structure. Such lattice distortion can alter defect energy 

levels and reduce the density of deep-level defect states, resulting in a shift of emission toward shorter 

wavelengths. In addition, the formation of a TiO2-ZnO heterojunction may influence charge distribution 

at the interface, further contributing to band structure modulation. Similar blue shift phenomena have 

been reported in ZnO-based composite system, where interfacial strain and defects led to band gap 

widening and emission peak shifts [3, 14]. This suggests that TiO2 incorporation not only suppresses 

charge recombination but also plays a role in tailoring the electronic and defect structure of ZnO. 

 

3.4 Photocatalytic Performance Evaluation 

 

The photocatalytic degradation of MO was assessed using pure ZnO, pure TiO₂, and TiO₂/ZnO 

composite photocatalysts by monitoring the degradation under ultraviolet (UV) irradiation for 90 

minutes. Prior to UV irradiation, the suspension was stirred in the dark for 30 minutes to establish 

adsorption-desorption equilibrium between the photocatalyst surface and methyl orange (MO) 

molecules, ensuring that subsequent degradation is primarily attributed to photocatalytic reactions 

rather than initial adsorption [3, 6]. The concentration measured at the end of this dark period was 

defined as the initial concentration (C₀), corresponding to t =0), which marks the onset of the UV 

irradiation. Therefore, the degradation profile presented in this study reflects the photocatalytic activity 

under UV light. Although adsorption may contribute to initial dye removal, its extent was not separately 

quantified in this work. As shown in Figure 6(a), pure ZnO achieved 82.6 % degradation within 90 

minutes, while pure TiO₂ degraded 74.4 %. The composites outperformed both pure oxide samples, 

with the 10 wt.% TiO₂/ZnO composites sample achieving the highest degradation efficiency of 89.2 %, 

respectively. The 5 wt.% TiO2/ZnO composites obtained 83.60 % degradation compared to pure ZnO 

and TiO2, while composites with 15 wt.% TiO₂ showed diminished performance at 55.50 %, 

respectively. 

 

 
 

Figure 6: (a) Comparison of MO dye degradation percentages after 90 minutes of irradiation, and (b) 

linear kinetic fit for MO dye photodegradation using different TiO₂/ZnO composite photocatalysts 
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The enhanced performance of the 10 wt.% TiO₂/ZnO composite can be attributed to the balance 

between sufficient TiO₂ content to form effective heterojunctions and minimal aggregation, as 

supported by SEM and PL analyses. SEM micrographs showed that the 10 wt.% TiO₂/ZnO composite 

sample had a relatively homogenous dispersion of the particles with less surface agglomeration 

compared to the sample with more TiO2 loading, which enables better light penetration and, 

consequently a higher effective surface area. The formation of well-integrated ZnO–TiO₂ interfaces was 

observed, which played a significant role in promoting the separation of photo-induced charge carriers. 

EDX analysis further confirmed the homogeneous distribution of Ti in the ZnO matrix, without the 

trace of secondary phases or contaminants, indicating successful compositional integration. 

Furthermore, FTIR spectroscopy further validated the coexistence of Zn–O and Ti–O stretching 

vibrations within the composite, while slight band shifts suggested defect-rich regions and potential 

lattice distortion due to TiO₂ incorporation. These surface defects enhance dye molecule adsorption and 

facilitate the formation of reactive oxygen species during photocatalysis. Additionally, the 

photoluminescence spectrum of the 10 wt.% TiO₂/ZnO composite displayed a moderate emission 

intensity compared to the other samples, suggesting efficient suppression of electron–hole 

recombination. This implies a favorable charge transfer process across the ZnO–TiO₂ heterojunction, 

which is essential for sustaining redox reactions during dye degradation. In contrast, further increasing 

the doping amount of TiO2 up to 15 wt.% decreased the photocatalytic efficiency which might be due 

to excess of TiO2 particles acting as recombination centers or physically block the active sites of ZnO 

[15]. At higher TiO2 loading, particle agglomeration can induce a shadowing effect, where UV light 

penetration into the suspension is hindered, reducing effective photon utilization and limiting 

photocatalytic efficiency. These factors, along with the poor dispersion seen in SEM images and lower 

PL emission intensities, collectively hinder the generation of reactive species required for dye 

degradation. Overall, the superior performance of the 10 wt.% TiO₂/ZnO composites photocatalyst 

demonstrates that appropriate TiO₂ loading enhances interfacial interaction, light harvesting, charge 

separation, and surface reactivity [16]. This finding underscores the importance of compositional tuning 

and structural optimization in designing effective photocatalysts for wastewater treatment applications. 

 

3.5 Kinetic Analysis 

 

The reaction kinetics of MO degradation over the prepared photocatalysts was evaluated using 

a pseudo-first-order kinetics model, as illustrated in Figure 6(b). A strong linear relationship between 

ln(C₀/Cₜ) and irradiation time was observed for all samples, indicating the degradation process follows 

pseudo-first-order kinetics. Notably, the apparent rate constant of the 10 wt.% TiO₂/ZnO composite 

achieved the highest apparent rate constant (k = 0.02106 min⁻¹), indicating its superior photocatalytic 

efficiency. This rate constant of 10 wt.% TiO₂/ZnO composite was substantially higher compared to 

those of pure ZnO (k = 0.01675 min⁻¹), pure TiO₂ (k = 0.01483 min⁻¹), and the 5 wt.% TiO₂/ZnO 

composite (k = 0.01798 min⁻¹). The improved kinetics performance of the 10 wt.% composite is 

consistent with the earlier structural and optical analyses, which revealed improved morphology, 

reduced electron-hole recombination, and uniform elemental distribution. In contrast, the 15 wt.% 

TiO₂/ZnO composite showed a significant decrease in photocatalytic activity, with a lower rate constant 

of k = 0.009390 min⁻¹ [8, 17]. The lower rates at higher doping levels might be attributed to increased 

particle agglomeration, with excess TiO₂ serving as recombination centers or causing light shielding, 

as supported by the SEM and PL results. To further assess the applicability of the kinetic model, the 

correlation coefficients (R²) values for all photocatalysts were determined and are presented in Table 2. 

The R² for each sample exceeding 0.98, confirming good agreement with the pseudo-first-order kinetics 

model. Moreover, the kinetic data clearly reinforce the conclusion that 10 wt.% TiO₂ loading provides 

the most effective configuration for enhancing photocatalytic activity through balancing structural 

integration, charge carrier dynamics, and surface accessibility. 
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Table 2: Photocatalytic degradation efficiency, apparent rate constant (k), and correlation 

coefficient (R²) for methyl orange degradation using pure ZnO, pure TiO₂, and TiO₂/ZnO composite 

photocatalysts 

 

Sample ID Percentage 

Degradation  

(%) 

Photodegradation 

Rate constant, k 

(min-1) 

R2 value 

Pure ZnO 82.60 0.01675 0.98596 

Pure TiO₂ 74.40 0.01483 0.99676 

5 wt.% TiO₂/ZnO 83.60 0.01798 0.99035 

10 wt.%TiO₂/ZnO 89.20 0.02106 0.98408 

15 wt.% TiO₂/ZnO 55.50 0.00939 0.99279 

*R2: Correlation coefficient obtained from pseudo-first-order kinetic fitting. 

 

 

3.6 Photocatalytic mechanism 

 

The enhanced photocatalytic activity of the TiO2/ZnO composite is attributed to the formation of a 

heterojunction structure that promotes efficient charge separation [6, 7]. Upon UV irradiation, both 

TiO2 and ZnO generate electro-hole (e-/ h+) pairs as shown in Figure 7. Due to favorable band alignment, 

electrons from the conduction band of ZnO transfer to TiO2, while holes migrate in the opposite 

direction, effectively suppressing recombination, as supported by PL results [6, 8]. 

 
Figure 7: Proposed photocatalytic mechanism of TiO₂/ZnO composite 

 

 

The separated electrons react with dissolved oxygen to form superoxide radical (O2
-), while holes 

oxidize water or hydroxide ions to produce hydroxyl radicals (OH), which are responsible for the 

degradation of methyl orange [3, 7]. The optimum TiO2 loading (10 wt.%) provides sufficient interfacial 

contact without excessive agglomeration, leading to improve light absorption and enhanced generation 

of reaction species. 

 

 

4. CONCLUSIONS 

 

In this study, TiO₂/ZnO composites were successfully synthesized via a simple ultrasonic-

assisted chemical mixing method and evaluated for their photocatalytic performance was assessed 

toward the degradation of methyl orange (MO) dye under UV irradiation. Comprehensive 

characterization by SEM-EDX, FTIR, PL, and UV–Visible spectroscopy demonstrated that the 

structural integration of TiO₂ into ZnO significantly influenced the morphology, surface chemistry, and 
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charge carrier dynamics of the composites. Among the prepared samples, the 10 wt.% TiO₂/ZnO 

composite exhibits the highest photocatalytic activity, with a degradation efficiency of 89.20 % and an 

apparent rate constant, k of 0.02106 min⁻¹. This enhancement in photocatalytic activity was attributed 

to the enhanced interfacial contact between TiO₂ and ZnO, reduced electron-hole recombination, and 

defect sites that promoted reactive species generation. A further increase in TiO₂ loadings up to 15 wt.% 

resulted in a decreased photocatalytic performance due to surface agglomeration and light scattering, 

providing more recombination centers. These results highlight the influence of compositional tuning in 

heterostructure photocatalysts and confirm the existence of an optimal TiO₂ content is crucial for 

achieving high photocatalytic efficiency. These results contribute valuable insights into the structure 

and activity relationship of metal oxide composites and support the potential application of TiO₂/ZnO 

composites in the treatment of dye-contaminated wastewater. 
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