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ZnO/TiO2 nanocomposites were successfully created by ablation with a Q-switched 

Nd:YAG pulsed laser. To create the nanocomposite, Zn and TiO2 powders were first 

compacted into pellets, then ablated in distilled water to create colloidal nanoparticles. 

These were then combined in a 1:1 volume ratio. X-ray diffraction (XRD) structural 

investigation verified the production of highly crystalline titanium dioxide (TiO2) and 

crystalline zinc oxide (ZnO) in the wurtzite hexagonal phase, with ZnO nanoparticles 

dominating in the composite. It was found that ZnO and TiO2 nanoparticles had typical 

crystallite diameters of 26.9 nm and 19.8 nm, respectively. An average particle size of 63 

nm and a polydisperse distribution of nanoparticles with noticeable agglomeration were 

observed using scanning electron microscopy (SEM). When compared to pure 

nanoparticles, optical analysis employing UV-visible absorption spectroscopy revealed 

notable modifications in the nanocomposites' absorption characteristics. Within the 

nanocomposite, the ZnO nanoparticles showed a redshift in the absorption edge from 395 

nm to 627.6 nm, whereas the TiO2 nanoparticles showed a blueshift in relation to bulk 

TiO2. Quantum confinement effects, interfacial charge transfer interactions, and the 

generation of surface states were indicated by the optical band gaps, which were 

determined using Tuac plot method to be 2.9 eV for ZnO nanoparticles and 3.18 eV for 

the ZnO/TiO2 nanocomposite. Under light irradiation, the degradation of methylene blue 

(MB) dye was used to assess the ZnO/TiO2 nanocomposite's photocatalytic potential. The 

nanocomposite achieved a degrading efficiency of 33.8% and successfully decreased the 

MB concentration over a 25-second period. Because of the synergistic effects of ZnO and 

TiO2 nanoparticles, electron-hole recombination is suppressed, leading to increased 

photocatalytic activity. Pulsed laser ablation is a successful technique for creating 

ZnO/TiO2 nanocomposites with certain structural and optical characteristics, as this study 

shows overall. The produced nanocomposites show promise for wider use in energy and 

water treatment technologies through their use in environmental remediation and 

photocatalysis.  
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1. INTRODUCTION

Nanocomposites have attracted much attention because of 

their unique and enhanced properties in relation to their single 

constituents. Regarding photocatalysts and energy storage 

materials, also in sensors and optoelectronic devices, two of 

the most interesting metal oxide nanocomposites are zinc 

oxide (ZnO) and titanium dioxide (TiO2). ZnO is a 

semiconductor with a band gap of 3.37 eV and great 

photocatalytic activity, which is therefore advantageous for 

many energy and environmental demanding problems [1, 2]. 

Another widely-used semiconductor with great chemical 

stability, photocatalytic activity, and relatively non-toxic 

character is TiO2 [3, 4]. The combined ZnO and TiO2 in a 

nanocomposite form could provide improved mechanical, 

optical, and electrical properties as well as more photocatalytic 

effectiveness due to their synergistic effects [5, 6]. 

Controlling the shape, crystallinity, and surface properties 

of a range of ZnO/TiO2 nanocomposites remains a difficulty 

in synthesis. Sol-gel, hydrothermal, CVD, and laser-assisted 

techniques [7, 8] are among the several ways one might 

prepare the nanocomposites. Of them, laser-based solutions—

mostly Q-switched Nd:YAG pulsed lasers—are drawing great 

interest because of their capabilities. to precisely regulate the 

nanoparticle size, form, and crystalline composition. One of 

these methods is pulsed laser ablation in liquids (PLAL), 

which uses high-energy laser pulses to produce fast heating 

and nucleation of nanoparticles, therefore boosting the 

production of ZnO/TiO2 nanocomposites with tailored 

properties [9, 10].  

Q-switched Nd:YAG pulsed laser is very appealing for this

reason: its high pulse energy, short pulse duration, and 

capacity to produce significant local heating will help to 

improve nucleation of the particles and their high crystallinity. 

International Journal of Safety and Security Engineering 
Vol. 15, No. 10, October, 2025, pp. 2055-2060 

Journal homepage: http://iieta.org/journals/ijsse 

2055

https://orcid.org/0000-0001-9628-7533
https://orcid.org/0009-0004-5118-6869
https://orcid.org/0000-0003-2143-0387
https://orcid.org/0009-0004-2296-0106
https://orcid.org/0009-0004-1958-5704
https://orcid.org/0009-0006-4358-4191
https://crossmark.crossref.org/dialog/?doi=https://doi.org/10.18280/ijsse.151008&domain=pdf


With the guiding parameters comprising the laser fluence, 

pulse duration, and ablation time, which control the final 

properties of the produced nanocomposite [11, 12], this has 

allowed the preparation of several metal oxide 

nanocomposites. 

ZnO and TiO2 in their nanocomposite form have been 

synthesized using pulsed laser ablation with enhanced 

photocatalytic activity for various uses, including hydrogen 

generation and organic pollution degradation [13, 14]. Here, 

we synthesize ZnO/TiO2 nanocomposites by means of Q-

switched Nd:YAG pulsed ablation of lasers. 

The structural, morphological, and optical characteristics of 

the nanocomposites are the main emphasis of this work. The 

findings of this research will help to fill some of the knowledge 

voids around laser-assisted. 

2. MATERIALS AND METHODS

2.1 Materials 

To prepare the Zn and TiO2 disc for pulsed laser ablation, 

Zn and TiO2 powder are compressed using a hydraulic press. 

2.2 Characterization techniques 

The morphology of the samples was measured using a JSM-

6510LV field emission scanning electron microscope (FE-

SEM) (Model S-1640, Hitachi, Japan). The sample structures 

were analyzed using a Shimadzu 6000 X-ray diffractometer 

(made in Japan) in reflection geometry using λ = 1.5406 Å of 

Cu-Kα radiation. The optical properties of all the prepared 

materials were determined using a UV-visible absorption 

spectroscopy (CECIL CE 7200, England). 

2.3 Preparation of ZnO/TiO2 nanocomposites 

Pure Zn and TiO2 pellets were immersed in 10 mL of 

distilled water in tow separated beakers and ablated using 

Nd:YAG pulsed laser (wavelength 1064 nm, 4 Hz, 100 mJ, 

300 pulses), as shown in the flowchart in Figure 1. The laser 

beam was focused on the Zn and TiO2 targets to form ZnO and 

TiO2 colloidal nanoparticles, respectively, and their structures 

and optical properties were subsequently studied. The 

colloidal solutions of ZnONPs and TiO2NPs were mixed in a 

volume ratio of 1:1 to synthesize ZnO/TiO2 nanocomposites, 

as shown in the flowchart in Figure 1. 

Figure 1. The practical scheme for the preparation of ZnO/TiO2 nanocomposites using Q-switched Nd:YAG pulsed laser ablation 

3. RESULTS AND DISCUSSION

3.1 X-ray reflection results 

The X-ray diffraction (XRD) pattern of ZnO/TiO2 

nanocomposites is displayed in Figure 2. Miller indices (100), 

(002), (101), (110) and (103) corresponding to the diffraction 

peaks at 2θ = 33°, 36.5°, 43.8°, 58.4° and 61.6° respectively as 

shown in Figure 2 and thereby matching the data of 

researchers in reference and standard card JCPDS-36-1451 

and it’s indicated to form Wurtzite hexagonal phase of ZnO 

[15]. The diffraction peaks at 23.5°, 30.5°, 48.2°, and 50° 

correspond to Bragg reflection planes (101), (004), (200), and 

(105) representing the highly crystalline nature of TiO2 NPs,

similar to the information of researchers in reference and

standard card JCPDS21-1272 [16]. It is noted that the ZnONPs

dominate over TiO2 NPs in the ZnO/TiO2 nanocomposites.

Making TiO2 tablet from powder using 

hydraulic press 

The Zn tablet is ablated using a pulsed 

laser.(Beaker 1)  

TiO2 tablet is Ablated using pulsed 

laser.(Beaker 2 ) 

Both ZnONPs and TiO2NPs are examined using the UV-

vis. absorption spectra. 

ZnO / TiO2 nanocomposite are prepared by taking specific proportions of ZnONPs and TiO2NPs 

XRD FE-SEM Uv-vis. absorption spectra 

Removal of pollutants 

Making Zn tablet from powder using hydraulic 

press 
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Figure 2. XRD pattern of ZnO/TiO2 nanocomposite 

To calculate the highest peak crystal size of ZnONPs and 

TiO2NPs in ZnO/TiO2 nanocomposites, we applied the 

Scherrer equation 𝐷 =
𝐾𝜆

𝛽 𝑐𝑜𝑠 𝜃
, where D is the average crystal 

size, K is a dimensionless shape factor with a value close to 1, 

λ is the wavelength of X-rays, β is the full width at half 

maximum (FWHM), and θ is the Bragg angle. The crystal 

sizes are 26.9 nm and 19.8 nm for ZnONPs and TiO2NPs, 

respectively. 

The XRD peaks of ZnONPs and TiO2NPs in a ZnO/TiO2 

nanocomposite do not shift, which usually indicates that the 

XRD peaks corresponding to the individual ZnO and TiO2 

phases do not change or shift considerably in the composite 

material when compared to the pure nanoparticles. Particle 

size effects, physical mixture instead of chemical bonding, and 

the absence of new phase development are among possible 

interpretations of this [17]. In the ZnO/TiO2 nanocomposite, 

ZnONPs are similarly observed to predominate over TiO2NPs. 

Figure 3. FE-SEM of ZnO/TiO2 nanocomposite: (a) 200 nm, 

(b) 500 nm, (c) 1 µm, and (d) 5 µm

3.2 Scanning electron microscopy 

Clearly exhibits a collection of nanoparticles of varying 

sizes and rough shapes. Figure 3 illustrates the obvious 

agglomeration that exists here. Instead of being uniformly 

dispersed, the nanoparticles cluster [18, 19]. The polydisperse 

sample is shown by the range of sizes the particles show. The 

agglomerate surfaces seem to be somewhat uneven and harsh. 

Either the agglomeration process itself or the intrinsic shape of 

the nanoparticles could be to blame. Nanoparticles are clearly 

visible in the photograph, confirming that a nanocomposite 

was successfully formed. It is difficult to differentiate ZnONPs 

from TiO2NPs only by shape, though. 

The average particle size of the ZnO/TiO2 nanocomposite 

was calculated using the Image J program and was equal to 63 

nm, as shown in Figure 4.  
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Figure 4. The histogram of ZnO/TiO2 nanocomposite 

Figure 5. The absorption spectra of ZnONPs 

3.3 UV-visible absorbance spectroscopy 

The quantum confinement effect of pulsed laser producing 

a lower band gap relative to bulk ZnO, whose absorption edge 

is usually closer to 368 nm, causes a shift in ZnONPs 

absorption edge at 395 nm as shown in Figure 5. Their 

improved photonic, electrical, and catalytic behaviours depend 

critically on the change in optical characteristics from bulk to 
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nanoparticle form. It is consistent with what is mentioned in 

previous studies [20, 21]. The absorption edge of the ZnONPs 

undergoes a red shift from 395 nm to 627.6 nm within the 

nanocomposite, while the absorption peak of the TiO2NPs 

undergoes a blue shift in comparison to bulk TiO2 in the 

nanocomposite, as shown in Figure 6, and this result is close 

to what was stated in a previous study [22].  

Figure 6 shows the absorption spectrum of the ZnO/TiO2 

nanocomposite. The interactions between nanoparticles, 

surface states, quantum confinement effects, and matrix 

material effects mostly determine the red shift in ZnO and the 

blue shift in TiO2 employed in nanocomposites. Depending on 

their inherent electronic characteristics and how these 

characteristics are changed in the nanocomposite 

environment, every material reacts differently [23, 24]. 

Figure 6. The absorption spectra of ZnO/TiO2 

nanocomposite 
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Figure 7. The direct energy gap calculated by Tuac Plot 

equation of ZnO NPs 

The energy gap for both ZnO NPs and ZnO/TiO2 

Nanocomposite was calculated using the Tuac relationship 

between the absorption coefficient α and the photon energy hʋ 

as written in the following equation: 

αhʋ = A(hʋ − Eg)n

where, h is the plank’s constant, ʋ is frequency of the photon, 

hʋ is photon energy in eV, Eg is optical band gap in eV, B is a 

constant, n is an exponent which is 2 for indirect band 

transitions and 1/2 for direct band transition and α is the 

absorption coefficient. When the straight portion of the graph 

of αhν2 against hυ is extrapolated to α = 0, the intercept gives

the transition band gap. The photon can interact with a valence 

electron, elevates the electron into the C.B, and creates an 

electron–hole pair. The direct energy gap are 2.9 eV and 3.18 

eV for ZnONPs and ZnO/TiO2 nanocomposite, as shown in 

Figure 7 and Figure 8, respectively. 
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Figure 8. The direct energy gap calculated by Tuac plot 

equation of ZnO/TiO2 nanocomposite 

Quantum size effects, band alignment at the interface, 

Charge transfer interactions, the development of surface states 

and defects at the interface, which influence the electronic 

properties, the hybridization of electronic states at the 

interface, and oxygen deficiency (oxygen vacancies) can lead 

to an increase in the apparent band gap in a nanocomposite 

compared to the individual materials. These effects together 

produce a bigger band gap than for single ZnO nanoparticles 

and this is supported by what the previous studies stated. The 
size-induced property change of nanostructures has 
inspired numerous theoretical models [25, 26]. 

3.4 Removing the methylene blue dye from the water by 

using the prepared ZnO/TiO2 nanocomposite  

The ZnO/TiO2 nanocomposite was employed to eliminate 

methylene blue (MB) pigment, which is employed in the 

coloring of leather and textiles. The ZnO/TiO2+MB mixture 

was manufactured in the following manner: 2.0 ml of the 

ZnO/TiO2 nanocomposite was added to 0.1 ml of MB dye with 

a concentration of (10⁻6 M) in 7.9 ml of distilled water. The 

absorbance of each ZnO/TiO2 nanocomposite was determined 

at t = 0, 5, 10, 15, 20, and 25 seconds, as illustrated in Figure 

9. The electronic transitions within the MB molecule are

responsible for the prominent peak at approximately 660 nm.

The absorbance peak at 660 nm decreases as the irradiation

time increases (from 0 s to 25 s). This suggests a decrease in

the concentration of MB in the solution. The ZnO/TiO2 

nanocomposite is effectively degrading the MB under light

irradiation, as indicated by the decrease in MB concentration.

Electrons in the valence band get excited and leap to the

conduction band when the ZnO/TiO2 nanocomposite is

subjected to light with energy equivalent to or larger than its
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energy gap (UV or visible light), hence creating electron and 

hole couples. Reaching the MB molecules, the hydroxyl 

radicals (•OH) and superoxide radicals (O2⁻) break them down 

into simpler, less toxic compounds (mineralization). 

Combining ZnO and TiO2 can lower the recombination rate of 

photogenerated electron-hole pairs [27-29], thereby enhancing 

the photocatalytic process's efficiency, and equal to 33.8% as 

computed from Eq. (1): 

𝐷. 𝐸(%) = (
𝐴0 − 𝐴𝑡

𝐴0

) ∗ 100% (1) 

Before irradiation, the absorbance of MB is denoted by A0, 

while after irradiation for a specific duration, it is denoted by 

At. The behavior of these synthetic nanomaterials in dye 

adsorption is similar to what researchers reported in the 

previous studies [30-34]. 
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Figure 9. The photodegradation of MB by ZnO/TiO2 

nanocomposite at different times 

4. CONCLUSIONS

This study showed that ZnO/TiO2 nanocomposites could be 

successfully synthesized using pulsed laser ablation. The XRD 

study revealed clear peaks that corresponded to the ZnO and 

TiO2 phases, confirming the nanocomposites' crystalline 

structure. With an average particle size of 63 nm, the 

agglomeration of nanoparticles was seen using scanning 

electron microscopy (SEM). UV-visible absorbance 

spectroscopy revealed important optical changes in the 

nanocomposites: a redshift in the absorption edge of ZnO and 

a blueshift for TiO2, attributable to the quantum confinement 

effect and nanoparticle interactions. The increasing energy gap 

of the ZnO/TiO2 nanocomposites (3.18 eV) above pure ZnO 

(2.9 eV) indicates enhanced photocatalytic performance. This 

work underlines its fascinating applications in photocatalysis 

and other fields, in addition to demonstrating that laser 

ablation is viable for the production of ZnO/TiO2 

nanocomposites. Still under development, is investigating the 

practical application of these nanocomposites in 

environmental and energy-related technologies. In this work, 

the ZnO/TiO2 nanocomposites were applied in the process of 

effectively eliminating contaminants like MB dye from water 

with 33.8% efficiency. 
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