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Abstract. 2MHz and 2.4MHz focused ultrasonic transducer were chosen in this article as ultrasonic 
source. Three methods were used to characterize the ultrasonic cavitation effect. They are iodine 
dosimetry, conductivity dosimetry, fluorescence dosimetry. The acoustic energy radiation in the  
liquid was evaluated using calorimetry. The influence of ultrasound intensity and ultrasonic 
treatment time was analysed. The correlation between sonochemical efficiency and corresponding 
cavitation yield in terms of energy was studied. Through iodide dosimetry and fluorescence 
dosimetry, we obtained the relationship between the cavitation effect in solution and the solution 
concentration. 

Introduction 
In the 80s of last century, sonochemistry have begun to emerge as a new field of intersectional 

subject, which gets more attention from both the scientific community and the industrial circles[1].  
Now, applications of ultrasound wave technology include synthesis of pharmaceuticals, products, 
foodstuffs , advanced treatment of waste water, therapy and diagnosis[2-6]. Due to its wide 
application in many fields, ultrasonic wave has attracted great interest and has been extensively 
studied.  Acoustic cavitation is the nonlinear effect resulting from the interaction between sound 
and fluid medium[7]. The effects of ultrasound originate primarily in acoustic cavitation. 
Ultrasound includes two big aspects, one is high-frequency ultrasound (mainly ranging from 1MHz 
to 10MHz),the other is power ultrasound for the purpose of process intensification (mainly ranging 
from 20KHz to 50KHz). Hitherto, most of sonochemical research use 20 to 50KHz low-frequency 
as ultrasonic radiation source.  The investigation of the mechanics of ultrasonic cavitation effect is 
rare at MHz level. 

Due to the ultrasonic cavitation occurred in extreme conditions and the process is transient, the 
direct detection of acoustic is quite difficult. The study on ultrasonic cavitation are usually based on 
some different effect produced by ultrasonic cavitation. There effects are the generation of heat, 
mechanical effects, optical effects and chemical effects[8].  In our paper, by detecting chemical 
effects produced by ultrasonic cavitation, we can determine the cavitation yields. The chemical 
dosimetries are based on oxidation or reduction reactions occurring in an aqueous solution[9]. In 
order to help us to know more about the relationship between the efficiency of sonochemical 
reaction and the energy of ultrasonic irradiation used to produce them, the ultrasonic power should 
be attained. Due to the fact that energy conversion of ultrasound varies with each transducer, the 
input electric power is not always informative to ultrasonic power for sonochemistry. The acoustic 
power dissipated into solutions was determined by calorimetric method using liquid. Such a 
calibration cannot distinguish between the waste heat and the acoustic-phase heat[10].  Calorimetry 
is based on the assumption that almost all the mechanical energy produces heat and the output 
power can be obtained. 

Chemical dosimetry gives sonochemical efficiency in a whole reaction solution. In this paper, 
we report the chemical effects of sonochemical reaction investigated by means of three 
dosimetries(iodine dosimetry, conductivity dosimetry, fluorescence dosimetry). Another objective is 
to obtain a fundamental understanding of sonochemical oxidation by varying initial sample 
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concentration.  Further, we analyzed sonochemical efficiency at two frequencies 2MHz and 
2.4MHz. 

Experimental 
Sonochemical reactor 
A schematic experimental setup is shown in Fig.1.The sonochemical vessel was made of a 

cylindrical glass tube with thickness and inner diameter of 3 and 23mm, respectively. The height of 
the vessel was 150mm. The sonochemical reactor without a jacket was placed at the room 
temperature. A transducer was mounted below the glass tube as shown in the picture. The detailed 
specifications of transducers are listed in Table 1. In this paper, the irradiation frequencies were 
2.0MHz and 2.4MHz. The transducers were driven by a low-frequency power amplifier. 

Table 1：Transducer specifications 
No. Type   of 

transducer 
Drive 
frequency(MHz) 

Drive 
electric 
power(W) 

Ultrasound 
power(W) 

1 WHQ2018 2.0 36W 3.78 
2 WHQ2418 2.4 24W 2.65 

 
Fig.1.a Experimental setup: 1:organic class tube;2:sample 

solution;3:Transducer;4:polydimethylsiloxane;A:Thermometer;B:single generator; C:Power amplifier. Fig.1.b the 
principle diagram of the spherical focusing transducer. ‘f’ is the focal length. 

Power measurement and dosimetry 
When the ultrasonic propagates in liquid media, due to the ultrasonic radiation effect, the 

temperature of high sound absorption material rises. By measuring the initial rate of the temperature 
rise, ultrasonic power or sound intensity can be measured. The ultrasonic power dissipated into the 
solution was measured with a standard calorimetry by using the following relation: 

                              ( ) p
dTPower C M
dt

=                                                      (1) 

Where m is the mass of liquid, pC is the heat capacity of the liquid and (
dT

dt )is the initial slope 
of the curve of temperature versus time. For the system under study the initial temperature rise (T) 
was recorded against time (t) for about 60s, using a thermocouple placed in the reaction vessel. 
Using the above equation, the ultrasonic power radiated into the liquid is calculated as 3.78W and 
2.65W, respectively. The power efficiency obtained by dividing the ultrasonic power dissipation 
into solution by the input electric power was 10.5% at 2MHz at 36W input and 11% at 2.4MHz at 
24W input. Thermally determined power was independent of  the  initial environment temperature(0 
to 40C)  at  several dial setting power levels. 

Sonochemical efficiency 
The sonochemical efficiency (SE), defined as the ratio of the number of reacted molecules to the 

ultrasound energy, is given by 

                              CVSE
Pt

=                                                                     (2) 

Where C is the concentration of the I3− ion of the KI solution or H2O2 formed and V is the 
solution volume. P(w) is the calorimetrically determined power. 
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Result and discussion 
Quatification of sonochemical reaction 
1) Iodide dosimetry 
In Iodide dosimeter, we use 0.2mol/L,0.6mol/L,1.5mol/L concentration solutions as ultrasonic 

sample. The result cavitation yield versus ultrasonic time have been presented in the form of a plot 
as shown in Fig.2. From the figure, it can be seen that with the greater initial solution concentration, 
the slope is also higher. At the same time, As the time increase, cavitation yield increased 
accordingly. Although the time course deviate slightly from the linearity at longer irradiation time, 
the product yields and the decomposition ratio on sonication reflect the sonochemical effect. The 
sonochemical efficiency is evaluated by the concentration of the compounds divided by the 
ultrasonic energy density. In other words, the sonochemical efficiency is the ratio of the number of 
reacted molecule toward the ultrasonic energy. The plot of the sonochemical efficiency against 
ultrasonic as shown in Fig.3. The value of sonochemical efficiency become decline, at longer 
irradiation time. When the ultrasonic power of 1W for 1s is dissipated into the liquid, the cavitation 
yield gets smaller at longer ultrasonic treatment time. 

 
Fig.2. plot of cavitation yield of  different initial concentration of solution against ultrasonic time. Fig.2.a ultrasonic 

frequency is 2Mhz .Fig2.b ultrasonic frequency is 2.4MHz. 

 
Fig.3 .Plot of SE (the sonochemical efficiency) value against ultrasonic time. For Fig.3.a Ultrasonic treatment frequency 

is 2MHz and Fig.3.b ultrasonic treatment frequency is 2.4MHz. 

2) Conductivity dosimetry 
In this experiment, we chose deionized water as ultrasonic samples at room temperature. The 

cavitation yield size was judged by the change of the conductivity. The result is shown in the figure 
below. In our experiment, the electric conductivity of the sample was measured just before and after 
sonication with a electric conductivity meter. From the Fig.4, there is a linear relationship between 
the time of ultrasonic treatment and the ultrasonic cavitation yield. At longer irradiation time, the 
time course slightly from the linearity. 
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Fig.4.plot of the average conductivity value against ultrasonic time. The average is the average of the five times the 

result of the experiment. 
3) fluorescence dosimetry 
In the alkaline aqueous solution, terephthalic acid produces terephthalate anions that react with 

hydroxyl radicals to generate highly fluorescent 2-hydroxyterephthalate ions (HTA). In this 
dosimetry, four kinds of concentration of solution could be chosen fluorescence liquid sample that 
were respectively 0.5*10−3mol/L, 1.0*10−3mol/L, 1.5*10−3mol/L, 2.0*10−3mol/L. Detection of 
2-hydroxyterephthalate was by fluorimetry; λ  (excitation)=310nm; λ  (emission)=425nm,using 
authentic reference material. Through the detection of the change of absorbance terephtalic acid salt 
ions at 310 nm, hydroxyl free radicals generated by ultrasonic can be quantitative detected to some 
extent. The result is shown in  Fig.5 below. When the ultrasonic treatment time is less than 20min, 
there is a linear relationship between the time of ultrasonic treatment and the ultrasonic cavitation 
yield.  

 
Fig.5 plot of different initial concentration solution against ultrasonic time.Fig.5.a ultrasonic treatment frequency is 

2MHz. Fig.5.b ultrasonic treatment frequency is 2.4MHz. 

Conclusions 
The relationship of  sonochemical and the ultrasonic power was investigated using HIFU 
transducers at 2MHz  and 2.4MHz. It found that there are linear relationship between the ultrasonic 
treatment time and cavitation yield. Zhaohua Chen et al[11] that the sonochemical yield varies 
linearly with sonication time. With the greater initial solution concentration, the rate of ultrasonic 
cavitation reaction is also higher. Since the sound pressure field distribution is not uniform the 
result we attained is the average. As the Fig4 shows, the slopes of the two straight lines is  about 
1.62, while the ultrasonic power determined by calorimetrical is  about 1.43. The two difference 
between the two numbers is small. In fluorescence dosimetry, as shown in the two picture in Fig.6. 
The slope ratio corresponding to the same initial concentration of ultrasonic solution are about the 
same. The value of this straight slope and the value of  the ratio of two frequency corresponding 
ultrasonic power dissipated into the liquid are approximately equal. We believe that approximation 
values of the two are equal. The SE values obtained from Eq.2 are plotted against the ultrasonic 
treatment time in Fig.3.  It was found that with the ultrasonic treatment time get longer, the SE 
values decrease. From Fig.3 ,it was found that the ratio of two frequency corresponding  to  the SE 
values are about equal in size. The result of the three dosimetries jointly reflect the fact that these 
values are a measure of sonochemical effect. The sonochemical efficiency has nothing to do with 
the frequency if the output power of the ultrasonic transducer are the same.   
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