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ABSTRACT

Since the typical horn-type ultrasonic equipment induces a reaction at the probe tip, the sonochemical reaction has a
limitation that it occurs only in a specific area. As one of the ways to overcome this limitation, an ultrasonic device with
multi-stepped horn equipped with several oscillators has been developed. The objective of this study was to investigate the
sonochemical effects induced by acoustic cavitation system in 20 kHz multi-stepped ultrasonic horn using calorimetry, KI
dosimetry and the luminol test. The sonochemical effects of multi-stepped ultrasonic horn were compared with that of the
typical horn-type 20 kHz ultrasonic device. The effect of immersion depth and power on the sonochemical reaction was
investigated in the ultrasonic system with multi-stepped ultrasonic horn. Higher calorimetric energy was obtained at higher
immersion depth and power conditions. Sonochemical effects increased significantly when using the high immersion
depth and input power. However, as the input power increased, the cavitation reaction zone concentrated around the
ultrasonic horn. Additionally, the experiments to examine the effect of liquid temperature was conducted. The smaller
sonochemical reaction was obtained for the higher liquid temperature. The effect on temperature seems to be closely
related to liquid conditions such as viscosity and vapor pressure of water.
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Fig. 1. A schematic of the typical and multi-stepped horn-type sonicator.
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Fig. 2. Electric/calorimetric energy and generation rate of I3~
depending on immersion depth/input power.
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Table 1. Comparisons of sonochemical effects between typical horn-type ultrasound and multi-stepped horn-type ultrasound

Typical horn-type ultrasound

Multi-stepped horn-type ultrasound

Vessel Immersion depth Cavitation yield Vessel Immersion depth Cavitation yield
volume (L) (cm) (x107 pmol/min/W) volume (L) (cm) (x107° pmol/min/W)
1 0.76 £0.11 1 0.41+0.01
0.5 3.5 0.83+0.18 3 1.18£0.00
6 3.89+0.22 20 5.5 1.48 £0.01
1 0.37+0.12 8 2.10£0.01
2.0 35 0.35+0.12 11.5 2.49+0.03
6 1.74 £ 0.07 14 2.45+0.05
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