
conventional bath type ultrasonic dispersionizer is 
shown in the leftmost of Fig. 2. Sample suspensions 
dispersed with suggested method were collected 
from the upper part, the middle part, and the lower 
part of the glass container to examine the dispersion 
degree depending on the depth of the container. The 
state of the suspension right after the dispersion is 
shown in Fig. 2(a), and it shows turbid state by the 
floating particles. In the result after 48 hours from 
the dispersion as shown in Fig. 2(b), the suspension 
dispersed with the conventional dispersionizer is 
not dispersed enough, so the agglomerated particles 
are precipitated, whereas the suspensions dispersed 
with the suggested method are turbid because the 
particles by the dispersion become light enough to 
float. Even though it passed 72 hours from the 
dispersion, the result in Fig. 2(c) is similar to that of 
Fig. 2(b). Therefore, it can confirm the dispersion 
effect of suggested method in this study. It seems 
that there is no difference in dispersion depending 
on the position of ultrasonic transducers so that 
there is no significant difference in the dispersion 
effect according to the depth of the suspension. As 
mentioned above, it is because the suspension in the 
container was dispersed homogeneously by stirring 
effect caused by the ultrasonic streaming. Figure 3 
shows the dispersion results of VO2 suspension, 
which is greatly interested as a functional material 
in the industrial fields. Since the VO2 has a phase 
transition very close to room temperature, its 
electrical resistivity, opacity, etc, can change up 
several orders. Due to these properties, it has been 
widely used in surface coating, sensors, and 
imaging. Potential applications include use in 
memory devices. In this figure, the suspension 
dispersed with the conventional method is placed 
on the right side, and the suspensions which are 
collected from the upper part, the middle part, and 
the lower part of the glass container after dispersion 
with the suggested method are filled in vials. In this 
case, the solvent of suspension is ethanol. Similarly 
to the result shown in Fig. 2, while all of the vials 
show turbid state at right after the dispersion as 
shown in Fig. 3(a), the precipitation of 
agglomerated particles due to insufficient 
dispersion are observed in the suspension dispersed 
with conventional method, which is the result after 
24 hours from dispersion as shown in Fig. 3(b). 
Although the opacity of the suspension dispersed 
with the suggested method slightly decreased 
because of the precipitation, there is no significant 
difference in opacity compared with the state right 
after dispersion. It confirmed that the precipitation 
was inactively progressed even in the state of 48 
hours after from the dispersion as shown in Fig. 
3(c). There is also no meaningful difference in 
dispersion effect depending on depth of the 
suspension in the container. 
 
4. Summary 
In this study, an ultrasonic dispersion system with a 
new manner was suggested, which is able to cause 
simultaneously the erosion dispersion and the 

division dispersion. To investigate the efficiency of 
the fabricated system, the TiO2 and VO2 
suspensions were dispersed with that system. As the 
result, it was confirmed that the suggested system is 
an effective method to disperse nano particle 
suspension. It can be expected that the suggested 
method can provide possibility of massive capacity 
dispersion as well as keeping a high degree of 
purity due to the non-contact way. 
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Fig. 2 Aging effect of dispersed TiO2 suspension. 
(a) Right after dispersion, (b) 48 hours after dispersion, 
and (c) 72 hours after dispersion 
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Fig. 3 Aging effect of dispersed VO2 suspension. 
(a) Right after dispersion, (b) 24 hours after dispersion, 
and (c) 48 hours after dispersion 
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1. Introduction 

Bubbles of less than 1 μm in diameter are 
called ultrafine bubbles. Ultrafine bubbles are often 
generated by pressurized dissolution method and 
their average diameter is around 100 nm. Since 
buoyancy of ultrafine bubbles in water is quite 
small, ultrafine bubbles have very long life. 
Ultrafine bubble water attracts attention in the field 
of cleaning1), agriculture2), fisheries, and drug 
delivery system3). 

On the other hand, ultrasound in liquid have a 
close relation to bubbles. For example, cavitation 
bubbles remove dirt in ultrasonic cleaner and 
microbubbles are used as a contrast medium in 
ultrasonic diagnosis. When high intensity 
ultrasound is irradiated in water, cavitation bubbles 
are generated from bubble nucleus. The diameter of 
cavitation bubbles is of the order micrometers. 
Since it is though that diameter of bubble nucleus in 
pure water is smaller than 100 nm, it is possible that 
ultrafine bubbles are generated during bubble 
growth from nucleus to cavitation. 

In this study, ultrasound was irradiated to 
ultrapure water and water containing 
high-concentration ultrafine bubbles. The change of 
number density of ultrafine bubbles with irradiation 
time was investigated in various ultrasonic 
frequency and power.  
 
2. Experiment 

The experimental setup is shown in Fig. 1. To 
circulate cooling water, a vessel had double layer 
structure. The inside diameter of vessel was 56 mm. 
The vessel and vibration plates with a transducer 
were made from SUS304 stainless steel. 
Transducers were driven by a power amplifier 
which amplified a continuous sinusoidal wave 
produced by a signal generator. An effective electric 
power applied to transducers was calculated from a 
voltage at both ends of the transducers and a current 
measured by an oscilloscope and a current probe, 
respectively, and was constantly controlled by a 
control system. Transducers attached to the vessel 
were a Langevin multi-frequency transducer 45 mm 

in diameter at the frequency of 22, 43, and 128 kHz, 
and disk transducers 50 mm in diameter at 488 kHz 
and 1 MHz (Honda Electronics).  

Ultrapure water and ultrafine bubble water 
were used as samples. Ultrapure water was 
produced using systems equipped with both 
Elix-UV20 and Milli-Q Advantage for laboratory 
use (Millipore). Ultrafine bubble was generated by 
pressurized dissolution method (ultrafineGaLF, 
IDEC). Sample volume and temperature were 100 
mL and 298 ± 0.1 K. The ultrasonic power that is, 
the energy applied to the sample per unit time was 
obtained by calorimetry. The number density of the 
ultrafine bubbles in the diameter range from 30 nm 
to 1000 nm was measured by nanoparticle tracking 
analysis method (NanoSight, Malvern).  
 
3. Results and discussion 

Ultrasound at 22 kHz was irradiated to 
ultrapure water and ultrasonic power was changed 
from 5 to 20 W. Fig. 2 shows change of number 
density of ultrafine bubbles with ultrasonic 
irradiation time. The number density of ultrafine 
bubbles exponentially increases with time. This 
result proves that ultrasonic irradiation to water 
generates ultrafine bubbles. The number density of 
ultrafine bubbles becomes higher as ultrasonic 
power increases. 

Ultrasound at 20 W was irradiated to 
ultrapure water and ultrasonic frequency was 
changed from 22 kHz to 1 MHz. Frequency 
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Fig. 1  Experimental setup. 
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dependence of number density of ultrafine bubbles 
is shown in Fig. 3. The number density of ultrafine 
bubbles increases with decreasing frequency. The 
diameters of ultrafine bubbles after ultrasonic 
irradiation were 20 - 400 nm and the mode diameter 
of ultrafine bubbles was about 100 nm. The effects 
of ultrasonic frequency and power on the mode 
diameter of ultrafine bubbles were small. 

Ultrasound at 1 MHz was irradiated to 
ultrafine bubble water and ultrasonic power was 
changed from 5 to 20 W. Fig. 4 shows the change of 
number density of ultrafine bubbles with irradiation 
time. The number density of ultrafine bubbles 
decreases exponentially with time. The number 
density of ultrafine bubbles becomes lower as 
ultrasonic power increases.  

Frequency dependence of number density of 
ultrafine bubbles in ultrafine bubble water at 20 W 
is shown in Fig. 5. The number density of ultrafine 
bubbles decreases with increasing frequency.  

Therefore, it is clear that generation and 
reduction of ultrafine bubbles occur simultaneously 
by ultrasonic irradiation to water. It is thought that 
ultrafine bubbles generate from bubble nucleus and 
at the same time ultrafine bubbles grow to 
cavitation bubbles by expansion and contraction 
under ultrasonic irradiation. Since the cycle of 
expansion and contraction of bubbles becomes 
shorter as frequency becomes higher, ultrafine 
bubbles grow quickly and their number decreases.  
 
References 
1. A. Ushida, T. Hasegawa, N. Takahashi, T. 

Nakajima, S. Murao, T. Narumi, and H. 
Uchiyama: J. Surfact. Deterg 15 (2012) 695. 

2. S. Lie, S. Oshita, S. Kawabata, Y. Makino, and T. 
Yoshimoto: Langmuir 32 (2016) 11295.  

3. K. Minamikawa, M. Takahashi, T. Makino, K. 
Tago, and M. Hayatsu: Environ. Res. Lett. 10 
(2015) 084012. 

Fig. 3  Frequency dependence of number density 
of ultrafine bubbles in ultrapure water at 20 W. 

Fig. 5  Frequency dependence of number density of 
ultrafine bubbles in ultrafine bubble water at 20 W. 

Fig. 2  Change of number density of ultrafine 
bubbles in ultrapure water with ultrasonic 
irradiation time at 22 kHz. 

Fig. 4  Change of number density of ultrafine 
bubbles in ultrafine bubble water with ultrasonic 
irradiation time at 1 MHz. 
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