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Attenuation Coefficient of Ultrafine Bubble Water in Broadband Ultrasound and

Measurement of Bubble Number Density

ROk BRI Eomo® BT
AKAMATSU Shigenori  UEDA Yoshikatsu

Abstract  Bubbles with a diameter less than 1pum are called ultrafine bubbles (UFB). And UFB
is expected to be applied in the environment, agriculture and medical treatment. In this study, we
will examine the possibility by using ultrasonic waves and ultrapure water (UPW), also the
attenuation characteristics of UFB water, to analyze the properties of UFB. The attenuation
characteristics of UFB water in broadband ultrasound waves up to 32.5 MHz were investigated. In
the 1.5-2.5 MHz ultrasonic band, the attenuation coefficient in the near-field was relatively close to
the theoretical value calculated from the bubble density measurement results. For the 32.5 MHz
ultrasound, there was a clear difference in the attenuation coefficient for the bubble density
distribution between the UPW and the UFB water. In addition, the change in the number density
distribution of bubbles and the change in the attenuation coefficient were observed depending on
the elapsed days after UFB generation. It is possible that the change is related to the increase in the
bubble diameter of the UFB.
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Fig. 1

Attenuation coefficient for sound wave in a bubbly liquid. (a) shows the dependence of attenuation

on bubble diameter, (b) the dependence on bubble concentration.
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Fig. 2 An example of attenuation characteristics (1.6MHz, pure water).
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Table 1  Attenuation coefficient of pure water

obtained from measurements.

Frequency | Attenuation coefficient | Attenuation coefficient
(MHz) (8Vpp) (Np/cm) (20Vpp) (Np/cm)

1.5 5.98x102 5.93x102

1.6 5.07x102 5.28x102

1.8 1.10x102 9.40%10-3

2.0 4.51x102 4.95x102

2.2 5.20x103 5.50x10-3

2.65 1.81x102 1.72x102

3.0 4.10x103 4.50x10-3
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Fig. 3 Comparison of attenuation coefficient and theoretical value of UFB water.
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Fig. 5 Frequency-dependent attenuation. The absolute value of attenuation depends on piezoelectric
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(b) 27.5 MHz, (c) 30.0 MHz, (d) 32.5 MHz respectively.
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respectively. (a), (a’) and (b), (b”) shows for the second day and for the 14th day after bubble generation
the attenuation measurement results and the particle size distribution measurement results, respectively.
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