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A B S T R A C T   

Rhodamine B is widely used in the dyeing of paints, acrylic and other fabrics as well as biological products. It is 
highly toxic to organisms when directly discharged into water. To this end, in this paper, degradation of 
Rhodamine B in water by ultrasound-assisted TiO2 photocatalysis was investigated. The effects of various factors, 
such as the amount of catalyst, the speed of mechanical stirring, the frequency of ultrasonic vibration, the ul
trasonic output power, the initial pH value of the reaction solution, the initial concentration of Rhodamine B, the 
introduced air, and physical adsorption, etc., on the degradation of Rhodamine B in wastewater were studied, 
and the optimal degradation conditions were obtained: rotational speed, pH value, initial rhodamine B con
centration, ultrasonic vibration frequency, output power and TiO2 nanoparticles dosage were 500 r/min, 7, 20 
mg/L, 40 kHz, 300 W and 500 mg/L respectively. Finally, degradation mechanism was discussed. The results 
indicate that ultrasound-assisted TiO2 photocatalysis method is of great potential application value in removal of 
organic pollution and environmental purification.   

1. Introduction 

At present, with the development and progress of society, human 
beings are exerting more and more pressure on the ecological environ
ment (Omran et al., 2016; Banerjee et al., 2016). A large number of toxic 
and harmful substances are produced in our daily life and production 
(GRIZZETTI et al., 2017). These substances are constantly circulating in 
the environment and continue to endanger the earth (YU et al., 2017). 
Among them, industrial wastewater is particularly harmful to the 
environment. Water is an indispensable substance for living organisms, 
and water pollution can cause great harm to the entire ecosystem and 
human health (LI et al., 2016; YAN et al., 2015). Therefore, it makes 
sense to find effective ways to treat pollutants in water (ZHANG et al., 
2017). So far, the methods commonly utilized in everyday society to 
treat organic pollutants in wastewater are chemical reduction and 
oxidation, activated carbon adsorption and microbial treatment 
methods (TARAN et al., 2018). Although these methods have achieved 
certain results in the treatment of wastewater, there are some defects, 
such as incomplete removal of pollutants, low efficiency and energy 
consumption (DOMÍNGUEZ et al., 2014; Wang, 2020). 

Rhodamine B(RhB) is a widely used cationic basic dye, which 

belongs to anthraquinone (Wang, 2018a). The wastewater produced by 
this dye is characterized by high chromaticity, difficult biochemical 
degradation and high concentration of organic pollutants (Wang, 
2018b). Traditional adsorption techniques to degrade RhB produce 
secondary pollution, while biochemical techniques make it difficult to 
degrade chemically stable RhB (YAO et al., 2018). 

TiO2-based photocatalysis, as a green and efficient water treatment 
technology, can degrade organic pollutants into small molecules, such as 
CO2 and H2O. In the field of wastewater treatment, it has a broad 
application prospect (CHOI et al., 2018; Xu and Bao, 2020). However, at 
present, TiO2 photocatalysts still have problems such as low reaction 
efficiency, low solar energy utilization and unsatisfactory treatment of 
high concentration wastewater, therefore, they need to be combined 
with other methods to improve the catalytic efficiency (HE et al., 2016; 
PANDA and MANICKAM, 2017). 

With the continuous research in the field of ultrasound, its ability to 
catalyze the degradation of organic matter has been used to degrade 
wastewater (ZHANG et al., 2014). Under the action of ultrasonic waves, 
a large number of cavitation bubbles are formed in the liquid (QIU et al., 
2018). The cavitation bubbles undergo oscillation, growth, contraction 
and collapse in a very short period of time, forming a high temperature 
and high-pressure hot spot around the cavitation nucleus at a 
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temperature of 1900–5000 K and a pressure of 50 MPa, accompanied by 
strong shock waves and micro-jets (Wang et al., 2019). Thus, it oxidizes 
and decomposes the volatile organic compounds entering the cavitation 
bubble (SANTOS et al., 2012). 

As a wide-band gap semiconductor, TiO2 has been widely used in 
many research fields, such as photocatalysis, chemical sensors, solar 
cells and lithium-ion batteries, due to its high catalytic activity, 
biocompatibility, antibacterial properties and UV absorption (Xu et al., 
2021a; SONG et al., 2018). Relevant studies have shown that the huge 
instantaneous energy released by ultrasonic cavitation can meet the 
needs of TiO2 valence band electron transition (TABASIDEH et al., 
2017), thus producing a catalytic action similar to photocatalysis (YUAN 
et al., 2018). Therefore, it is of great significance to select TiO2 nano
particles as catalyst to combine with ultrasound for related degradation 
experiments (Yan et al., 2010). The preferential nucleation and catalytic 
activity on the surface of TiO2 solid particles can be used for catalytic 
degradation of organic pollutants (Chong et al., 2010). The fractured 
cavitation bubble will reach the surface of the nanoparticles under the 
light radiation to initiate the catalytic properties of TiO2(Momeni et al., 
2015). The combination energy of ultrasonic and TiO2 nanoparticles can 
overcome the shortcoming that the light is not permeable enough in 
liquid and easily blocked by catalyst particles, so organic pollutants can 
be better degraded (Xu et al., 2020a, 2021b). In addition, the hydroxyl 
radical generated by ultrasonic cavitation and the hydroxyl radical 
generated by TiO2 catalysis also have a synergistic effect (Qian et al., 
2018). It can mineralize and degrade organic pollutants more effectively 
(Qian et al., 2019). Meanwhile, TiO2 nanoparticles can be modified to 
further increase the degradation efficiency (Xu et al., 2020b). 

In this paper, catalytic degradation of Rhodamine B form water by 
ultrasound-assisted TiO2 photocatalysis is investigated. Firstly, the 
experimental materials and equipment are given, and the experimental 
procedures are introduced; Secondly, the influence of ultrasonic factors 
on the degradation of rhodamine B was discussed; Thirdly, the effects of 
initial conditions on the ultrasonic catalytic degradation of rhodamine B 
were studied; Finally, the reaction mechanism is analyzed. The optimal 
degradation conditions were obtained, and the mechanism of degrada
tion of Rhodamine B in wastewater by ultrasound-assisted TiO2 photo
catalysis is given. The results indicate that ultrasound-assisted TiO2 
photocatalysis method is of great potential application value in removal 

of organic pollution and environmental purification. The purpose of this 
paper is to prove that the combination method of ultrasound, TiO2 
nanoparticles and mechanical stirring is of great potential application 
value in removal of organic pollution and environmental purification. 

2. Experimental equipment 

The experimental equipment for ultrasonic degradation research is 
shown in Fig. 1, which is mainly composed of ultrasonic source system, 
circulating water system and reaction system. The ultrasonic source 
system is composed of ultrasonic transducer and other parts of the 
cleaning machine. The circulating water system controls the tempera
ture of the whole system by using the real-time temperature display of 
the ultrasonic cleaning machine. The reaction system consists of three 
parts: the reaction vessel, the reaction solution and the stirring rod. The 
stirring rod is connected with an electric agitator to control and record 
the speed of mechanical stirring in real time. 

3. Experimental materials and instruments 

All the chemicals in the study experiment were analytical grade. 
Tetrabutyl titanate (C16H36O4Ti) and Ethanol (CH3CH2OH) were taken 
as a titanium source and the reaction solution respectively. Rhodamine B 
(C28H31N2O3Cl) was used as the dye to simulate organic pollutants. 

The specific steps are as follows: TiO2 nanoparticles were prepared 
by muffle furnace (XH2L-10, Zhengzhou Xinhan Instrument Equipment 
Co., Ltd), constant temperature magnetic stirrer (85-2B, Shandong Boke 
Regenerative Medicine Co. Ltd) and vacuum drying oven (YZG-600, 
Changzhou Shengerling Drying Pelletizing Equipment Co., Ltd); Ultra
sonic cleaning machine (ADS-1720Q, Foshan Andixin Ultrasonic 
Cleaning Equipment Co., Ltd) was used as the radiation source for the 
ultrasonic catalytic degradation experiment; Mechanical stirring and 
speed measurement are carried out with precision electric stirrer (JJ-1A, 
Jintan City Chengdong Hongye Experimental Instrument Factory); A 
high-speed centrifuge (JIDI-20D, Guangzhou Jidi Instrument Co., Ltd) is 
used to separate the nanoparticles from the solution; The degradation 
effect of Rhodamine B, a dye simulating organic pollutants, was 
measured by ultraviolet spectrophotometer (722S, Jining Yuze Indus
trial Technology Co., Ltd). 

4. Experimental steps of ultrasound-assisted photocatalytic 
degradation 

All experiments were conducted at a constant temperature (24 ◦C). 
Rhodamine B was prepared into five kinds of solutions with concen
trations of 5 mg/L, 10 mg/L, 15 mg/L, 20 mg/L and 25 mg/L, respec
tively. Then pure TiO2 nanoparticles prepared at the concentrations of 
250 mg/L, 500 mg/L, 750 mg/L, 1000 mg/L and 1250 mg/L were added 
to them respectively. The reaction mixture was stirred continuously for 
1 h to reach the adsorption-desorption equilibrium level. It should be 
emphasized that the whole experimental reaction process was carried 
out under supersonic - mechanical agitation. A small amount of solution 
was extracted from the reaction system at certain intervals of reaction 
time, and then all the floating pure TiO2 nanoparticles were removed 
using a high-speed centrifuge. The absorbance values of the separated 
clarified reaction solution were measured by UV–vis spectrophotometer. 
The absorbance value of rhodamine B was measured at 554 nm and the 
concentration of the reaction solution was calculated from the standard 
curve of rhodamine B solution. The degradation rates are defined as 
(Jaroo et al., 2019): 

DR%=
C0 − Ct

C0
X100 (1)  

where Co is the initial concentration of Rhodamine B (mg/l) and Ct is 
concentration of Rhodamine B at the time t (mg/l). 

Notation 

DR% The degradation rate 
C0 The initial concentration of Rhodamine B (mg/l) 
Ct Concentration of Rhodamine B at the time t (mg/l) 
e Negative electron 
h+ Electron hole  

Fig. 1. Experimental setup.  
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The maximum absorption wavelength of Rodamine B solution is 554 
nm. As the degradation process progressed, the peak absorption wave
length of rhodamine B basically remained unchanged, but its absorbance 
gradually decreased, indicating that rhodamine B had been gradually 
degraded under the combined action of TiO2 photocatalysis and ultra
sound (Borowski, 2020). 

5. Factors influencing the ultrasound-assisted TiO2 
photocatalytic degradation for rhodamine B 

The effects of various factors, such as the amount of catalyst, the 
speed of mechanical stirring, the frequency of ultrasonic vibration, the 
ultrasonic output power, the initial pH value of the reaction solution, the 
initial concentration of Rhodamine B, the introduced air, and physical 
adsorption, etc., on the degradation of Rhodamine B in wastewater were 
studied. The reaction mixture solution with an initial capacity of 250 mL 
was degraded, and 10 ml was absorbed from the reaction solution each 
time for high-speed centrifugal treatment. Then the absorbance of the 
clarified solution was measured (Mirra et al., 2020). 

5.1. Effect of catalyst dosage and mechanical agitation on degradation 
rate under ultrasonic treatment 

Under certain experimental reaction conditions, Rhodamine B solu
tion with 20 mg/l concentration was degraded and the solution was 
absorbed from the reaction system every 10 min. The experimental 
conditions are as follows: US + stirring, US + TiO2, and US + stirring +
TiO2. 

It can be seen from Fig. 2 that under the three conditions, the 
degradation effect is increasing with time. When the degradation is 
carried out to 40 min, the degradation rates of the three method reach 
95.48%, 25.66%, 86.44% respectively. It was found that the mechanical 
stirring had a great influence on the degradation rate, and the addition 
of nanoparticles could promote the degradation reaction efficiency in 
the reaction system. As the reaction system is done in the ultrasonic 
cleaner, the cavitation bubble may be more difficult to reach the critical 
value of rupture. This is consistent with the phenomena observed during 
the experiments, such as the continuous growth of bubbles in the solu
tion. They keep bouncing up and down in the solution under the action 
of ultrasonic waves to reach the size visible to the naked eye, but it is 
difficult to rupture for a long period of time. However, the addition of 
mechanical stirring accelerates the rate of bubble rupture by causing the 
bubbles to break once they reach a -determined size. At the same time, it 

also accelerates the intensity of the reaction between substances. The 
increase in the number of hydroxyl radicals generated in the solution 
under the high temperature and pressure conditions produced by the 
bubble rupture led to an increase in the degradation efficiency of organic 
dyes. Meanwhile, the addition of solid nanoparticles provides a 
preferred nucleation location for cavitation bubbles. The non- 
homogeneous phase is easier to nucleate than the homogeneous phase 
and will generate more cavitation bubbles to accelerate the degradation 
reaction. 

5.2. Effect of mechanical rotational speed on degradation rate 

The mechanical speed of the ultrasonic cleaner was set to 300 r/min, 
400 r/min, 500 r/min, 600 r/min and 700 r/min, respectively. Other 
experimental conditions were as above, and the effect of different me
chanical speeds on the degradation of rhodamine B at the initial reaction 
concentration of 20 mg/L was investigated. It is important to emphasize 
that the mixed solution was drawn from the reaction system every 10 
min. The effect of mechanical rotational speed on degradation rate is 
shown in Fig. 3. 

As can be seen from Fig. 3, at different mechanical rotational speeds, 
the degradation efficiency increases with the increase of ultrasonic 
treatment time, when US catalysis reaches 40 min, the degradation rates 
at different mechanical rotational speeds were 38.08% (300 r/min), 
85.41% (400 r/min), 98.60% (500 r/min), 71.33% (600 r/min) and 
55.80% (700 r/min) respectively. It can be found that the degradation 
efficiency first increases with the increase of revolutions per minute and 
reaches the best degradation effect at 500 r/min, then the degradation 
effect starts to decrease with the increase of mechanical speed. It can 
also be seen that the rotational speed has a significant effect on the 
degradation rate. 

In the solid nanoparticle reaction system, the cavitation bubbles did 
not collapse completely and rapidly at low revolutions per minute, while 
the cavitation bubbles did not increase to a certain size and rupture at 
high revolutions per minute, which led to a decrease in the efficiency of 
hydroxyl radical production and thus degradation efficiency. Besides, in 
the nanoparticle reaction system, either too low or too high rotational 
speed leads to less efficient production of hydroxyl radicals and thus the 
degradation efficiency is reduced (Buaisha et al., 2020). 

5.3. Ultrasonic frequency 

The ultrasonic vibration frequencies were set to 25 kHz, 40 kHz, 60 
kHz and 80 kHz, respectively, and the other experimental conditions 
were the same as above. The effect of ultrasonic frequency on the 

Fig. 2. Effect of catalyst dosage and mechanical agitation on degradation rate 
under ultrasonic treatment. 

Fig. 3. Effect of mechanical rotational speed on degradation rate.  
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degradation of rhodamine B at the initial reaction concentration of 20 
mg/L was investigated. Similarly, the mixed solution is drawn from the 
reaction system every 10 min. The effect of ultrasonic frequency on 
degradation rate is shown in Fig. 4. 

As can be seen from Fig. 4, under different ultrasonic vibration fre
quencies, the overall trend of ultrasonic degradation efficiency gradu
ally increases with the increase of ultrasonic irradiation time. Firstly, the 
degradation effect at 40 kHz was significantly better than that at 25 kHz 
and 40 kHz in the first 30 min. At 30 min, the degradation rates of the 
two were 90.74% and 97.05%, respectively. However, with the exten
sion of time, there was no significant difference in the degradation ef
ficiency at the two frequencies, and the degradation rates were 96.04% 
and 98.88%, respectively. This may be because the overall degradation 
efficiency of the reaction has reached a relatively high level, and the 
concentration of pollutants in the reaction system has been relatively 
reduced, but there is no significant difference in the degradation effect. 
Secondly, at 60 kHz and 80 kHz, there is a continuous great change in 
the degradation efficiency with the continuation of the reaction time. At 
30 min, the degradation efficiency at two frequencies 45.65% and 
36.13%, respectively; At 40 min, the difference of the two degradation 
efficiency became greater, and the degradation efficiency was 49.94% 
and 37.69%, respectively. Finally, it was found that low-frequency ul
trasonic radiation could achieved a higher degradation rate. Since the 
ultrasonic effect at 40 kHz in a short period of time had a greater 

degradation effect, the optimal frequency selection should be set to 40 
kHz. The possible reason for this phenomenon is that relatively low- 
frequency ultrasound is more likely to nucleate on the surface of solid 
nanoparticles under the action of ultrasound, thus generating more 
cavitation bubbles and promoting the degradation reaction. 

5.4. Ultrasonic power 

Ultrasonic powers are set to 150 W, 200W, 250 W and 300 W 
respectively, and the other experimental conditions were the same as 
above. The effect of ultrasonic power on the degradation of rhodamine B 
at the initial reaction concentration of 20 mg/L was investigated. 
Similarly, the mixed solution is drawn from the reaction system every 
10 min. The effect of ultrasonic power on degradation rate is shown in 
Fig. 5. 

As can be seen from Fig. 5, at different US power, the degradation 
efficiency increases over time, at 40 min, the maximum degradation 
effect is achieved. At 40 min, the degradation rates under different ul
trasonic power were 91.89% (150 W), 95.28 (200 W), 95.63% (250 W) 
and 97.77% (300 W) respectively. It can be found that the degradation 
efficiency increases with the increase of ultrasonic power. When the 
maximum output power is reached, the ultrasonic degradation effect 
reaches the maximum. The possible reasons are as follows: firstly, high 
output power facilitates the cavitation bubbles after nucleation to be 
easy to separate from the surface of nanoparticles; secondly, due to the 
increase of power, the energy transferred into the reaction solution 
within a certain time increases, which accelerates the growth and 
collapse period of cavitation bubbles and thus leads to the improvement 
of degradation efficiency. 

In addition, to achieve rapid ultrasonic degradation rates, degrada
tion by ultrasonic alone usually requires a large amount of electrical 
energy because there is a large amount of energy lost in heat con
sumption, which hinders the wide application of ultrasonic degradation 
in practical water treatment. The combination method of ultrasound, 
TiO2 nanoparticles and mechanical stirring can well reduce the con
sumption of electric energy and accelerate the degradation process of 
rhodamine B. 

5.5. Initial pH 

The initial pH values of the reaction solution are set to 3, 5, 7, 9 and 
11 respectively, and the other experimental conditions were the same as 
above. The effect of initial pH on the degradation of rhodamine B at the 
initial reaction concentration of 20 mg/L was investigated. Similarly, 
the mixed solution is drawn from the reaction system every 10 min. The 

Fig. 4. Effect of US frequency on degradation of Rhodamine B.  

Fig. 5. Effect of US power on degradation of Rhodamine B.  

Fig. 6. Effect of initial pH value on US degradation of Rhodamine B.  
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effect of initial pH on degradation rate is shown in Fig. 6. 
It can be seen from the figure that, in a relatively short period of time, 

the degradation efficiency of rhodamine B solution with acidic pH was 
slightly higher than that of rhodamine B solution with alkaline pH, but 
the overall degradation effect difference was not obvious. At 40 min, the 
degradation rates at different pH values were 99.8% (pH = 3), 99.6% 
(pH = 5), 98.6% (pH = 7), 97.8% (pH = 9) and 96.9% (pH = 11) 
respectively. The results showed that different pH values had no obvious 
effect on the ultrasonic degradation efficiency of rhodamine B, indi
cating that rhodamine B was relatively stable under different pH values. 
Besides, both high and low pH values are unfavorable for the degrada
tion of Rhodamine B. This is because Rhodamine B is an amphoteric 
compound, i.e., it has a positive charge at low pH and a negative charge 
at high pH. Excessive positive and negative charges are not conducive to 
its adsorption by TiO2. Only when the system is close to neutral is it 
favorable for rhodamine B, which is thus destroyed by the radical on the 
surface of TiO2 and accelerates its degradation. After comprehensive 
analysis, 7 was determined as the best degradation pH value. 

5.6. Initial concentration of rhodamine B 

The initial concentrations of Rhodamine B are set to 5 mg/l, 10 mg/l, 
15 mg/l, 20 mg/l and 25 mg/l respectively, and the other experimental 
conditions were the same as above. The effect of initial concentrations of 
Rhodamine B on the degradation of rhodamine B was investigated. 
Similarly, the mixed solution is drawn from the reaction system every 
10 min. The effect of initial concentration on degradation rate is shown 
in Fig. 7. 

According to Fig. 7, as the concentration gradient increases, the 
degradation efficiency increases first and then decreased. At 20 min, the 
degradation rates at different initial concentrations of Rhodamine B 
were 75.39% (5 mg/l), 93.44% (10 mg/l), 89.87% (15 mg/l), 82.14% 
(20 mg/l) and 87.17% (25 mg/l) respectively. In the reaction system, the 
optimum initial degradation concentration of Rhodamine B is 20 mg/l. 
With the increase of the initial concentration, the content of organic 
dyes at the gas-liquid interface of cavitation bubble increases, and hy
droxyl radical produced by cavitation bubble rupture has an effective 
erosion effect on organic dyes, making organic dyes degradation. At the 
same time, when organic dyes reach a certain concentration, they will 
adhere to the surface of solid nanoparticles, affecting the nucleation of 
cavitation bubbles, thus reducing the degradation efficiency. Therefore, 
it is necessary to select the appropriate initial concentration in the 
experimental system to study and explore the ultrasonic catalytic 
degradation reaction. 

It was further found that, however, when the concentration 

continued to increase, the degradation rate started to decrease instead. 
This may be due to the fact that at low initial concentrations, Rhodamine 
B is adsorbed on the TiO2 surface and destroyed by the radicals gener
ated on its surface. With the further increase of the concentration, the 
surface adsorption capacity of TiO2 reached saturation, and Rhodamine 
B was relatively excessive. In addition, most of the TiO2 surface was 
covered by Rhodamine B, which also affected the generation of radicals, 
thus leading to a decrease in the degradation rate. A similar situation 
occurred for the system without TiO2 catalyst, but for different reasons. 
The degradation ability of ultrasonic alone is limited, and excessive 
Rhodamine B naturally reduces the degradation rate. 

5.7. The amount of TiO2 addition 

Amounts of TiO2 nanoparticles added are set to 250 mg/l, 500 mg/l, 
750 mg/l, 1000 mg/l and 1250 mg/l respectively. The effect of TiO2 
addition on the degradation of rhodamine B with the initial reaction 
concentration of 20 mg/L was investigated. Similarly, the other exper
imental conditions were the same as above. The effect of initial con
centration on degradation rate is shown in Fig. 8. 

As can be seen from Fig. 8, when 250 mg/l and 500 mg/l TiO2 is 
added, compared with other addition, the degradation efficiency is 
higher. At 20 min, the degradation efficiency is 89.52% and 90.63% 
respectively. At 40 min, the degradation efficiency is 98.83% and 
98.92%, respectively; At 20 min, the degradation rates corresponding to 
750 mg/l, 1000 mg/l and 1250 mg/l were 84.14%, 69.52% and 65.24% 
respectively; At 40 min, the degradation rates corresponding to 750 mg/ 
l, 1000 mg/l and 1250 mg/l were 93.82%, 88.14% and 83.26% 
respectively. It can be found that with the increase of nanoparticles, the 
degradation effect of US catalysis increases first and then decreases. The 
results show that when the catalytic time is 40 min and the concentra
tion of nanoparticles is 500 mg/L, the best ultrasonic degradation effect 
is obtained. The reasons may be as follows: First, with the increase of 
nanoparticle concentration, the nucleation location of cavitation bub
bles increases, leading to the increase of degradation efficiency. Sec
ondly, when the concentration of nanoparticles increases again, the 
concentration of nanoparticles in the solution reaches the saturation 
value, and the interaction between the particles leads to the relative 
decrease of heterogeneous nucleation sites. Besides, When the addition 
amount of TiO2 increased, the ⋅OH radical generated in the solution also 
increased under the action of ultrasonic wave. However, when the TiO2 
incorporation amount exceeded a certain value, the utilization of ul
trasonic waves decreased due to mutual shielding between catalysts, and 
thus the degradation rate decreased (Kibaara et al., 2020). 

Fig. 7. Effect of initial concentration of Rhodamine B on degradation.  Fig. 8. Effect of TiO2 addition on US degradation of Rhodamine B.  
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5.8. Effects of bubble addition and physical adsorption on degradation 
rate 

Add air and nano-absorbent particles to the reaction solution to 
investigate their effect on the degradation of Rhodamine B solution with 
the initial reaction concentration of 20 mg/L. Similarly, the other 
experimental conditions were the same as above. The results are shown 
in Fig. 9. 

It can be seen from Fig. 9 that the physical adsorption of nano
particles has no significant effect on the degradation efficiency under the 
same mechanical stirring intensity. This is consistent with previous 
studies, most adsorbed organic dyes undergo desorption within 10 min 
under US-mechanical stirring. The degradation efficiency is 90.11% and 
87.27% at 20 min and 98.39% and 95.38% at 40 min respectively under 
the experimental conditions without adding air and adding air. Studies 
have shown that the degradation rate of rhodamine B was 91.7% using 
ultrasound-assisted micro spherical Bi2O2CO3(Dong-dong et al., 2019), 
and 94.6% by sodium persulfate activated with Fe3O4-modified hydro
char (ZHANG et al., 2020). By comparison, it can be proved that the 
ultrasound-assisted TiO2 photocatalysis degradation for Rhodamine B is 
more effective. 

It can be found that excessive bubbles can slightly reduce the 

degradation effect. The possible reason is that, first, the addition of 
bubbles leads to changes in the original reaction system, resulting in a 
decrease in the number of hydroxyl radicals. Secondly, the experimental 
results show that stirring accelerates the collapse of ultrasonic cavitation 
bubbles and has a significant effect on the degradation reaction, while 
the addition of air bubbles affects its own cavitation bubble nucleation. 

6. Degradation mechanism 

Degradation mechanism of Rhodamine B in wastewater with the 
combination of ultrasound, TiO2 nanoparticles and mechanical stirring 
is shown in Fig. 10. Firstly, cavitation bubbles undergo nucleation 
process. The surface and volume solution of nano solid particles are 
nucleation, and nucleation is relatively easy on the surface of solid 
particles. Secondly, cavitation bubbles grow continuously under ultra
sonic action. Finally, cavitation bubbles reach a certain size and collapse 
under the action of ultrasound. At the same time, in a very short time, 
ultrasonic radiation forms “sonic luminescence” (SL) and generates high 
temperature, which causes hydrothermal decomposition to generate 
hydroxyl radicals (2). The light and heat generated by ultrasonic cavi
tation can excite nanoparticles, so that electron-hole (e− is Negative 
electron, h+ is Electron hole) pairs are continuously formed. Then, a 
series of reactions take place to produce some active substances, such as 
O2, H2O2 and OH (3–5). These powerful oxidants can attack organic dyes 
and degrade them. 

H2O → H⋅ + ⋅OH. (2)  

O2 + e− →.O−
2 (3)  

O−
2 +H2O→H2O2. (4)  

H2O2 + ⋅O−
2 →⋅OH + OH− + O2 (5)  

7. Conclusion 

In this paper, degradation of Rhodamine B in wastewater by 
ultrasound-assisted TiO2 photocatalysis was investigated. The main 
conclusions are as follows:  

(1) In the reaction system of nanoparticles, too low or too high 
rotational speed will lead to the reduction of the generation ef
ficiency of hydroxyl radical, thus reducing the degradation 
efficiency. 

Fig. 9. Effects of bubble addition and physical adsorption on US degradation of 
Rhodamine B. 

Fig. 10. Degradation process of Rhodamine B by ultrasound-assisted TiO2 photocatalysis.  
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(2) With the increase of ultrasonic irradiation time, the degradation 
efficiency showed a trend of gradual increase. High degradation 
rates were obtained with low frequency ultrasound radiation.  

(3) The degradation efficiency increased continuously with time at 
different ultrasound powers. With the increase of ultrasonic 
power, the degradation efficiency showed an increasing trend. 
When the ultrasonic power reached the maximum output power 
of the experimental reaction system, the ultrasonic degradation 
effect reached the maximum.  

(4) Different pH values had no significant effect on the degradation 
efficiency of rhodamine B by ultrasound-assisted photocatalysis.  

(5) With the increase of the concentration gradient of the reaction 
solution, the degradation efficiency showed a trend of increasing 
first and then decreasing.  

(6) The ultrasound-assisted catalytic degradation efficiency showed 
a trend of increasing and then decreasing with the increase of 
nanoparticle addition. 
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