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1. Introduction 

In recent years, sonochemical system has 
attracted the much attention of a good deal of 
researchers and engineers from the standpoint 
of variety of interests. In many cases, however, 
reaction rate is not attained the necessary level 
for requirements.  

To solve the problem, I proposed some 
trials; those were selection of atmospheric gas 
and addition of chemicals into the solution. The 
former trial involves not only pure gases but 
also mix gases. It is known that acoustic 
cavitation, which results from ultrasonic 
irradiation, is dominated by dissolved gas. The 
dissolved gas is thought to be corresponding to 
the atmospheric gas. Under polyatomic gases, 
for example, chemical reaction can hardly 
proceed. In previous papers [ 1 ][ 2 ], it was 
reported that CO2 prevented sonochemical 
action in solution because of low temperature 
for cavitation. Under monoatomic gases, on the 
other hand, strong ultrasonic power is 
observed. 

Interestingly, in the case of Ar atmosphere, 
the rate of sonochemical oxidation had the 
maximum value with introducing a little 
amount of CO2 and this value was three times 
as high as one without CO2 

[ 3 ].  
In this presentation, CO2 was introduced in 

the system for the rate control of sonochemical 
reaction. In addition, not only gaseous CO2 but 
also solid CO2 (dry ice) and sodium hydrogen 
carbonate (NaHCO3), which provides CO2 in 
an aqueous solution under ultrasonic irradiation 
were used as adding agents.  
 
2. Experimental 

Ultrasonic irradiation was performed using 
an ultrasonic atomizer (Honda Electric 
HM-303N, 2.4 MHz, 24 W) or an ultrasonic 
bath (Honda Electric 200 kHz, 15 W, or KAIJO 
200 kHz, 50 W) from the bottom surface of the 

reactor. In the former examination, similar 
atomization behavior was observed in all cases.  

The rate of sonochemical oxidation was 
mainly evaluated by potassium iodide (KI) 
dosimetry 

[ 4 ] at 355 nm using UV-Vis 
spectrophotometer (JASCO V-650).  

The reactor was filled with atmospheric 
gases. As atmospheric gas, in most experiments 
argon (Ar) was used as matrix gas. After gas 
introducing, an additive was added into the 
solution. Then, the reactor was sealed and 
ultrasonic irradiation was started. Temperature 
was stabilized by flowing tap water between 
24oC and 26oC. 

  
3. Results and discussion 
 

Dissolved gas is the key for the 
sonochemical process. For example, the highest 
intensity of sonoluminescence (SL) is in an Ar 
atmosphere, as shown in Fig. 1 [ 2 ]. Namely, 
polyatomic gases are less effective than 
monoatomic gases. [ 5 ] The oxidation rate of KI 
is in the following order: Ar >> CO2 and the 
rate falls down sharply by introducing over 0.3 
molar fraction of CO2 in a matrix. Then, the 
rate becomes nearly zero in CO2 atmosphere. 

 

 
Fig. 1 Effect of various gas on the intensity 

of SL in water. [ 2 ] 
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Incidentally, it is known that CO2 has high 
solubility in water and free radical scavenger. 
Because of the former reason, estimated 
concentration of CO2 in the solution is higher 
than that in the atmosphere. Because of another 
(the latter) reason, CO2 would play the role of 
scavenger of H radicals from the solvent (H2O). 
Thus, more OH radicals or H2O2 remained by 
consuming H radicals and oxidation of KI 
would be accelerated. As shown in Fig. 2, the 
rate of oxidation increased by introducing a 
small amount of CO2 in some matrix gases 
except for air. 

 

 
Fig. 2 Acceleration of oxidation rate by 

introducing CO2 into matrix gases. 
 

The intensity of SL, on the other hand, did 
not increase with introducing CO2 in the range 
between 0 (0 mL in figure) and 0.02 (4 mL) 
molar fraction of CO2, as shown in Fig. 3. 
Namely, cavitation (ultrasonic) power held or 
decreased with introducing CO2. 
 

 
 
Fig. 3 Addition effect of CO2 into Ar matrix 

on the intensity of SL in water. 
 

Similar behavior was obtained when 
sonochemical degradation of methyl blue was 
carried out. The degradation rate did not 
increase by introducing a small amount of CO2 
into Ar atmosphere as shown in Fig. 4. The 
degradation might proceed without radicals. 
Further discussion is needed. 
 

 
Fig. 4 Addition effect of CO2 into Ar matrix 

on the degradation rate of 
methylene blue. 

 
In addition, adding not only gaseous CO2 

into atmosphere but also solid CO2, such as dry 
ice or sodium hydrogen carbonate, into the 
solution was performed.  
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