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The Effect of Distance between Two Transducers on Sonochemical Reactions
in Dual Irradiation Systems

Eunkyung Kim * Younggyu Son*
Department of Environmental Engineering, Kumoh National Institute of Technology

ABSTRACT

Many researchers have studied the effectiveness of ultrasound in chemical and environmental engineering fields including
material synthesis, pollutant removal, cleaning, extraction, and disinfection. Acoustic cavitation induced by ultrasound
irradiation in aqueous phase can cause various sonophysical and sonochemical reactions without any chemicals. However
most of the previous studies focused only on the relationships between ultrasonic conditions and the results of
sonochemical reactions in lab-scale sonoreactors. As a results of this, only a few studies have been devoted to design and
optimization of industrial scale sonoreactors. In this study, the effect of the distance between two opposite transducer
modules on sonochemical reactions was investigated in single and dual irradiation systems (334 kHz) for four distances
including 50, 100, 150, and 200 mm using KI dosimetry. It was found that the dual irradiation systems provided higher
performance in terms of the zeroth reaction coefficient and the cavitation yield compared to the single irradiation systems.
The sonochemiluminescence (SCL) images for the visualization of the cavitation field showed that cavitation active zone
was larger and sonochemical reaction intensity was much higher in the dual irradiation system than in the single irradiation
system.
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Fig. 1. A schematic diagram of the experimental set-up.
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Table 1. Power density for each distance condition in single and dual ultrasound irradiation systems

Distance from the transducer to the opposite wall or between two transducers

Experimental condition

50 mm 100 mm 150 mm 200 mm 250 mm
Solution volume (L) 1.42 2.58 3.70 4.83 5.93
. Single irradiation 169 93 65 50 41
Power density (W/L) Dual irradiation 338 186 130 99 81

Table 2. Zero-order reaction kinetic coefficient for each distance condition in single and dual ultrasound irradiation systems

Zero-order reaction kinetic coefficient (mg/L/min)

Distance (mm) Enhancement;
Single irradiation Dual irradiation
50 1.44 x 107 (R*= 0.996) 4.14 x 107 (R*=0.999) 2.88
100 4.86 x 107 (R?=0.988) 221 %107 (R?=0.998) 455
150 2.64 x 107 (R%=0.997) 1.18 x 107 (R*=0.982) 4.47
200 1.38 x 10° (R?=0.976) 6.99 x 107 (R?=10.995) 5.07
250 1.08 x 107° (R?=0.994) 478 x 10°° (R?=10.998) 443
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Fig. 2. The variations of cavitation yields for single and dual
ultrasound irradiation in five distance conditions (50, 100, 150,
200, and 250 mm).

Table 3. Enhancement of cavitation yield at each distance
condition

Distance (mm) 50 100 150 200 250
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Fig. 3. Sonochemiluminescence images for single and dual ultrasound irradiation in five distance conditions (50, 100, 150, 200, and 250

mm).
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