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ABSTRACT 

This study investigates the effect of sonication on the degradation activity of MB in an aqueous solution. This 

process is in the presence of high-quality nanoparticles (NPs) TiO2 catalysts and under UV- light irradiation. It 

was under taken using X-ray diffraction (XRD), scanning electron microscopy (SEM) and UV-Vis 

spectrophotometer. XRD analysis confirmed the presence of pure anatase phase and the calculated crystallite size 

of about 54 nm. The band gap energy was found to be 3.2 eV, which corresponds to anatase phase. The degradation 

activities of methylene blue (MB) were evaluated for photo catalysis and sonophotocatalysis processes separately. 

According to the results obtained, it was shown that the degradation of MB during sonophotocatalysis of TiO2 

catalysts was accomplished in a shorter time, which was due to the enhancement of formation of free hydroxyl 

radicals during sonication. The enhancement of photocatalytic degradation of methylene Blue was significant 

compared to performing just photo catalysis. 

1. Introduction 

Different organic pollutant dyes generated from textile 

industries are deemed to be significant environmental 

wastewater. When these pollutants are discharged into water, 

they cause a great risk to the ecological balance in the 

environment. So, several reports have focused on the 

development of wastewater treatment and remediation 

techniques to remove, absorb, or degrade toxic dye pollutants 

from wastewater. These techniques are generally based on 

physical, chemical and biological methods such as 

adsorption, coagulation, membrane process, and advanced 

oxidation processes are currently available for treating dye 

wastewater. Advanced oxidation processes (AOPs) have 

received a great attention because it constitutes a promising 

methods developed to remove persistent organic pollutants. 

The main types of AOPs include photolysis, photocatalysis, 

sonolysis, sonophotocatalysis and Fenton-based reactions 

[1,2]. It has been shown in many researches that 

sonophotocatalysis is a promising advanced oxidation 

method for the degradation of organic pollutant dyes, which 

involves the combination of ultrasound waves and 

semiconductor photocatalyst to improve and enhance the 

degradation performance [2–6].     

Metal oxide semiconductors have been extensively used as 
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a catalyst in photocatalytic, particularly as heterogeneous 

photocatalysts in the degradation of pollutant dyes. Their 

band gap energies are in the UV or visible light region [7]. 

Among the various oxide semiconductor catalysts, TiO2 is 

the most commonly applied material due to its biological and 

chemical inertness, stability, non-toxicity, low cost, water 

insolubility under most environmental circumstances and 

stability against photochemical corrosion [7–10].  

Several reports have investigated the photocatalytic and 

sonophotocatalytic degradation rates of different organic 

pollutants in the presence of TiO2 catalyst. Jelic et al. [11] 

reported that the influence of in situ sonication on 

photocatalytic degradation resulted in a significant 

enhancement of carbamazepine (CBZ) degradation. Wu et al. 

[12] studied the removal of reactive red 2 dyes during 

sonocatalysis, photocatalysis and sonophotocatalysis 

processes using TiO2 NPs. They observed that the 

degradation rate was faster in the presence of sonication.  The 

study of Taghizadeh et al. [13] showed that the combination 

of sonolysis and photocatalysis, in the presence of TiO2 NPs 

under UV irradiation, leads to faster removal of chitosan dyes 

than the individual process. 

Nonetheless, very few reports have been carried out on the 

study of methylene blue (MB) degradation using TiO2 NP. 

Consequently, in our study. The evaluation of MB upon 

photocatalytic and sonophotocatalytic oxidation under UV 

light irradiation using TiO2 NPs is studied. The 

characteristics of TiO2 NPs were characterized using X-ray 

diffraction (XRD), spectrophotometer, scanning electron 

microscopy (SEM) and UV-Vis Spectroscopy 

 2. Experimental 

2.1 Catalyst characterization 

The XRD patterns of the TiO2 NPs were obtained at room 

temperature using a diffractometer Shimadzu, model lab X 

6000 with Cu Kα radiation (λ = 0.1514 nm) in the range of 

20–75. SEM was conducted using an INSPECT S50-SEM 

with a working distance of 23.6 mm and 24.9, acceleration 

15 kV voltage and emission current 94.7. UV–Vis 

absorbance spectra were recorded using a SHIMADZU UV-

2600 Spectrophotometer.  

2.2 Photocatalytic and sonophotocatalytic testing  

We conducted two tests to evaluate photocatalysis 

(catalyst + UV) and sonophotocatalysis (catalyst + UV + US) 

degradation of MB. For nanoparticles TiO2, MB 

(C16H18N3S) was used as an organic dye to evaluate the 

ability of the nanoparticles to degrade organic compounds in 

aqueous solution. 10-ppm MB was dissolved in 100 ml 

volume of distilled water to obtain a diluted solution.  The 

photocatalysis process was performed under a UV lamp on a 

home-made photoreactor system at 42°C (Fig. 1a). In this 

experiment, UV lamp, with 6 W and wavelength 366 nm) was 

placed 10 cm away from the reactor. Air bubbles were added 

onto the solution of TiO2 nanoparticles. 0.5 g/L of high-

quality TiO2 nanoparticles was used and mixed for 10 min 

using a magnetic stirrer and at 32°C then 20 ml of MB 

aqueous solution was added to the catalyst. After the UV 

irradiation, the suspended particles were removed out and 

centrifuged at 60000 RPM for 20 min. Some of the MB was 

taken from the top of the centrifuged sample into the vial. 

During the photocatalytic degradation, the catalyst was 

removed from the solution at different times until the 

complete degradation of MB was reached. 

A sonophotocatalytic reactor was assembled by placing the 

photocatalytic reactor in the sonication bath, as shown in Fig. 

1b. The US power was 130 Watts and the frequency 40 KHz. 

During the sonophotacalylsis degradation, the catalysis was 

taken from the solution at different times until the complete 

degradation of MB was reached, which were 180 min and 

420 min for TiO2 NPs, respectively.  The initial pH of TiO2 

nanoparticles, in aqueous solution, is 8.04. 

3. Results and discussion  

3.1 Structural analysis  

Fig. 2 depicts the XRD pattern, of TiO2 NPs in the 2θ range 

of 20–75. The peak positions of the sample appear at 2θ = 

24.5, 36, 37, 37.8, 47.2, 53, 54.5, 61.8, 67.8, 69.4, and 74.2 

corresponding to the (101), (103), (004), (112), (200), (211), 

(105), (204), (116), (220), and (215) crystal planes, 

respectively. The diffraction peaks indicate the anatase phase 

[14–18]. However, the rutile and brookite phases are 

completely missing in the high-quality TiO2 NPs, which 

agrees with previous studies [19].  

The crystalline size D of anatase TiO2 NPs was estimated, 

by taking intensive (101) peak in the XRD spectrum, using 

Scherrer’s formula [20]:  

         D=k 𝜆/βcosθ                                    (1)  

where k = 0.9 is the shape factor, 𝜆 is the X-ray wavelength 

(λ=1.5406 Å), β is the full width at half maximum (FWHM) 

in rad and θ is the Bragg angle. The calculated crystallite size 

for the high-quality TiO2 used in our study is about 54 nm. 

  

3.2 Optical analysis  

Fig. 3 depicts the optical absorption spectrum of the TiO2 

NPs within a wavelength range from 300 nm to 700 nm. The 

curves show strong absorption in the UV region recorded at  
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Fig. 1:  Experimental set-up of (a) photocatalytic and   (b) 

sonophotocatalytic reactors 

 

320 nm and 332 nm for TiO2 NPs, respectively, which is due 

to the absorption of light caused by the excitation of electrons 

from the valence band to the conduction band of TiO2[24]. 

The value of optical band gap energy can be estimated 

using the Tauc equation extracted from absorption spectra 

using Tauc equation [25,26]:  

        (αh)= k(h-Eg) 
m

                                                  (2) 

Where, h represents incident photon energy, α is the 

absorption coefficient, k proportionality constant and Eg is 

bandgap energy and the m value depends on the electronic 

transition, when = 1/2, the semiconductor had a direct band 

gap, while when = 2, the semiconductor had an indirect band 

gap.  Fig. 4 illustrate αh versus photon energy for the 

indirect transition of TiO2 NPs. The band gap energy values 

were obtained by extrapolating the linear part of each curve 

onto the energy axis. The indirect band gap value is 3.2 eV 

for the samples. Indeed, the literature reports a 3.2 eV value 

for the anatase phase [27,28], indicating that the high-quality 

TiO2 NPs used in this study with anatase phase follow an 

indirect type transition which is agree with previous studies 

[29,30]. 

 

3.3 Degradation activity   

The degradation activities of TiO2 NPs were evaluated by 

degradation of MB in aqueous solution under UV-light  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

irradiation (photocatalysis process) and in situ sonication 

(sonophocatalysis process). The UV-Vis absorbance spectra 

of liquid samples catalyzed by the TiO2 NPs during the 

photocatalysis process are illustrated in Fig. 3. The 

absorbance spectra showed strong absorbance in the visible 

region with a maximum absorption peak of MB displayed at 

the wavelength of 664 nm when catalyzed by NPs. Further, 

the optical absorbance of MB dye becomes almost neglected 

after 240 min in the presence of NPs catalyst (Fig. 5). 

 

Fig. 2: XRD pattern of TiO2 NPs 
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Fig. 6 displays the degradation activity as a function of UV 

irradiation time during the photocatalysis process using TiO2 

NPs. As shown in this figure, the degradation activity 

increases with irradiation time. The degradation efficiency of 

MB through 240 min reached above 91.15% when we used 

TiO2 NPs as catalyst. Sahoo et al. [33] estimated a 

degradation efficiency of MB about 93% within 180 min of 

UV irradiation, using 2 g/L of a commercial TiO2 NPs 

catalyst. Dariani et al. [34] showed that the complete 

decomposition of MB occurred in 5 h UV irradiation time 

and the degradation efficiency was 100%, using 1 g of TiO2 

NPs as catalyst and 5ppm of initial MB concentration.  

 

Fig. 3: UV–vis absorbance spectra of TiO2 NPs  

 

However, they found that the increase in MB initial 

concentration (20-ppm) decreased the degradation efficiency 

from 100% to 80%. The photocatalytic activity of MB, using 

anatase Titania nanoparticles, was estimated in the study by 

Aghareed et al. [35]. The experimental results exhibited that 

MB degradation was achieved 94.56% through 90 min; 

obtained when they used 5-ppm MB dye, 0.1 g of TiO2 

catalyst and pH 12.6 of aqueous solution. The difference in 

the dye degradation values is mainly due to the different in 

various experimental parameters such as pH, amount of 

catalyst, dye concentration and reaction temperature [36–39]. 

Additionally, the curve corresponding to the degradation 

activity of MB organic dye using TiO2 thin film revealed that 

the photocatalytic activity was ~92.9% and MB color is 

almost removal within 750 min, which is approximately 3 

times greater than that obtained after a complete degradation 

using TiO2 NPs as a catalyst. This is attributed to a higher 

surface area of NPs form, conducting to enhance a 

photocatalytic degradation [36,40]. Chan et al. [41] reported 

that using pure poreless TiO2 film to degrade MB, a 

maximum photocatalysis activity was only about 30% after 

6h of UV illumination. Whereas, mesoporous film increased 

the photocatalysis activity up to 80%, this was attributed to 

the high active surface area, leading to an increase the 

hydroxyl radicals. Further, radicals are responsible for 

absorbing the MB dyes in the aqueous solution.   Fig. 7 

illustrates the UV-Vis absorbance spectra of liquid samples 

catalyzed during the sonophotocatalysis process using the 

TiO2 NPs (Fig. 5.). The absorbance spectra showed strong 

absorbance in the visible region catalysts and the highest 

absorbance peak recorded in wavelength 664 nm. 

Additionally, a decrease in absorption peaks was observed 

with an increase in UV-light irradiation time and the MB 

degradation was almost completed whiting 180 min using 

NPs. The percent degradation versus irradiation time of MB 

dye using TiO2 NPs during the sonophotocalysis process is 

depicted in Fig. 8. 

 

 

Fig. 4:  Calculation of indirect bang gap energy of TiO2 NPs 
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Fig. 5: UV-vis absorption spectra of MB solution catalyzed 

by TiO2 NPs during the photocatalysis process.  

 

As shown in this figure, a complete removal of pollutant dyes 

is achieved after 180 min using NPs, which indicated that the 

degradation rate was faster than that obtained during the 

photocatalysis process. Moreover, the percent degradation of 

the dye is above 99% after complete removal of MB dye for 

both catalysts. Indeed, the rate of degradation during the 

sonophotacatalysis process depends on various experimental 

parameters, such as US power and US frequency [42–44]. 

The choice of optimum degradation parameters leads to a 

high degradation rate in a shorter time. Several studies were 

conducted on the sonophotocatalytic degradation of different 

dyes such as MB, 1,4-dichlorobenzene, Congo red and 

methyl orange, acid red 88, acid orange, Eosin B and 

Rhodamine B, using TiO2 NPs catalyst [5,45-48]. The 

obtained results showed an enhancement and improved 

degradation efficiency after addition a sonication, and a 

complete degradation took a shorter time with the exposure 

to in situ UV-light and ultrasound action. 

 

Fig. 6 Degradation activity vs. irradiation time during the 

photocatalysis process. 

It can be attributed to the increased production of a greater 

number of free hydroxyl radicals which are responsible of 

dye decomposition [49]. Furthermore, the combination of 

pure anatase phase with the high specific surface area leads 

to enhance the photocatalytic activity of TiO2 NPs [50]. The 

higher photocatalytic activity of anatase TiO2 NPs can be 

attributed to an increase in the formation of radicals due to 

the lower electron-hole recombination probability [51]. 

 

Fig. 7: UV-Vis absorption spectra of MB solution catalyzed 

by TiO2 NPs during the sonophotocatalytic process. 
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Fig. 8: Degradation activity vs. irradiation time during 

sonophotocalysis process 

 

Conclusions 

In this work, the degradation efficiency was evaluated by 

the decomposition of MB under UV-light irradiation using 

anatase TiO2 NPs used as catalyst during photocatalysis and 

sonophotocatalysis processes. The degradation efficiency 

value of MB in aqueous solution using NPs as the catalyst 

during the photocatalysis process is almost 91.15% through 

UV-light irradiation time. This is mainly attributed to the high 

area surface, which conducted to generate more radicals. The 

influence of in situ sonication on the degradation activity of 

MB dyes using TiO2 NPs was also studied. It was observed 

that the degradation rate of MB during sonophotocatalysis 

was faster than the photocatalysis process of TiO2 which was 

attributed to the enhancement of formation of free hydroxyl 

radicals during sonication. 
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