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Introduction 
 

Micro-bubble is used in engineering field as well as 
wide range fields, such as agricultural, fishery and medical 
field [1]. Especially, remarkable characteristics are high 
solubility in liquid; self pressurized effect, resolution into 
liquid by pressure and crush, electrification and so on. 
These characteristics are caused by very small diameter of 
micro-bubble. Then, these characteristics depend on 
diameter of micro-bubble and an optimum diameter may 
exist. 

Therefore, control of diameter of micro-bubble is very 
important technique. It has been presented that diameter of 
micro-bubble depends on generation method and device [2 
– 4].  

This paper has focused on fluid properties in the area 
where micro-bubble is generated. Especially, kinetic 
viscosity  and boundary tension force coefficient  are 
focused on. The effect of  and  on distribution of 
diameter of micro-bubble is demonstrated experimentally. 
 
Experimental apparatus and method 
 

Fig. 1 shows experimental apparatus. In water tanks 
filled with various fluids, micro-bubble jet nozzle and 
induction nozzle of micro-bubble generator are fixed. 
Micro-bubble generation method of the apparatus is 
pressurized dissolution method. Distributions of micro-
bubble diameters are measured by laser particle counter. 
Water including micro-bubbles is fed into measuring 
instrument from induction pipe. Then, water is turned into 
tank from drainpipe after measuring. 

In experiment, distribution of micro-bubble diameter 
in pure water is measured. Then, fluid properties of water 

are changed and distribution of micro-bubble in such water 
is measured.  

Condition where the maximum volume of micro-
bubble is generated is used. In this case, bubble feed 
pressure is 0.4MPa and velocity of water is 11.6L/min. 
Experiments using various fluid properties in this condition 
are performed.  
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Fig. 1.  Experimental apparatus 
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Table 1 shows experimental conditions. Glycerin is 
mixed in order to increase kinetic viscosity. Chloride 
sodium is mixed in order to increase surface tension force. 
Sodium Dodecyl Sulfate (SDS) is mixed in order to 
decrease surface tension force. For measurement of kinetic 
viscosity and surface tension force, Ubbelohde Viscometer 
and DuNouy Tensiometor are used, respectively. 
Diameters of micro-bubble are measured at 2m and from 
4 m to 56m ever 4m. Temperature of water is 
controlled at 25 degree considering temperature 
dependency of solubility of air. 
 
Table 1. Experimental conditions  

Surface Tension Co-efficient 35,45,60,72.8,76,80 
[dyn/cm] 

Kinematic viscosity 0.87,1.22,1.68,2.44.2.85 
[cst] 

Liquid Pure water 
Bubble Air 

Surfactant Triton X, SDS 
Thickener Glycerin, Ethanol 
Trial times More than 20 

Temperature 25 [℃] 
 
Results of experiment and discussions 
 

Fig. 2 shows particle size distribution of micro-bubble 
in pure water. After 5 minutes generator was stopped, 
micro-bubble is decrease extremely. This graph shows 
characteristics of micro-bubble generation device. Fig. 3 
shows relation between particle size distribution and 
surface tension force. Fig. 4 shows relation between 
particle size distribution and kinetic viscosity. From these 
figures, number of micro-bubble increases, when kinetic 
viscosity and surface tension force increase. This means 
that volume of air resolved in water increases. 

 

 

 
Fig. 2. Time variation of bubble size distribution 

Above mentioned results show volumes of air in 

turned water are different when  and  are different. Then, 
in order to examine particle size distribution in detail, ratio 
of number of particle size to total number of micro-bubble 
is obtained. Represented results are shown in Fig.5 and Fig. 
6.  From these figures, when  and  are small, reduction 
of number of particles decreases from 2m to 20m.  
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Fig. 3. Effect of change of surface tension co-efficient 
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Fig. 4. Effect of change of kinematic viscosity 
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Fig. 5. Effect of change of surface tension co-efficient 
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Generating bubbles 

Fig. 6. Effect of change of kinematic viscosity 
 
When  and increase, distribution of particles in 

water is uniform. When particle size is 20m, number of 
particles does not depend on  and . 

However, these results are obtained only for kinetic 
viscosity glycerin. It may depend on chemical 
characteristics. 
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Sewage decolorization using micro-bubble Ozone 
 
Micro-bubble has various characteristics comparing 

with bubble with same volume, such as large surface area, 
long stay duration and release of free radical in 
compressive break. Focusing on these characteristics, in 
this paper, micro-bubble of ozone gas is applied to sewage 
decolorization. That is, the purpose is that sanitary sewage 
is deodorized increasing solubility of ozone in sewage and 
residual ozone. And unsaturated combination of colored 
material in sanitary sewage is resolved by ozonized and 
decolorized. 

Before main experiment, optimum outlet pressure and 
optimum outlet in tank is obtained in a preparatory 
experiment. Outlet pressure is selected as 0.4MPa in order 
to generate the most micro-bubble. In main experiment, a 
cylindrical tank as shown in Fig.7 which volume is 0.03m3 
is used and cooling tank is put around cylindrical tank in 
order to prevent heating water. Ozone is appended to 
sewage induced to the tank using diffuser or micro-bubble. 
The effect of micro-bubble is compared with that of 
diffuser.  Change of color and density of exhaust ozone is 
recorded by changing appended ozone W as 1.8, 3.6 and 
5.4(g/h). Fig. 7 shows experiment using micro-bubble and 
cylindrical tank for diffuser. It is seen that the former has 
higher diffusion of bubble than the latter. 

 

 
Fig. 7. Experimental Apparatus 

 
Change in color 

 
Fig. 8 shows change of color. Micro-bubble is more 

effective than diffuser when appended ozone is 1.8 and 
3.6g/h. Especially, color of decolorized water using micro-
bubble 3 hours is less than 10degree and color of water is 
not identified  

However, when W=5.4g/h, difference between two 
methods are not large. Because heat is generated from 
micro-bubble generation device, water temperature rises 
larger than diffuser. In this experiment, size of the tank is 
small and when W=5.4g/h, water temperature becomes 
30°C after 3 hours using micro-bubble. On the other hand, 
water temperature becomes 10°C using diffuser. Then, 
solvability of ozone is low using micro-bubble. 

However, rise of water temperature is same when 
W=1.8 and 3.6g/h. In these cases, good results are obtained 
in more disadvantage conditions. 
 
Change in exhaust Ozone  
 

From  a view  point  of  exhaust  ozone,  advantage  of  

micro-bubble is clear. Fig. 9 shows change in exhaust 
ozone. In diffuser, high density of exhaust ozone is 
measured immediately after the beginning of experiment. 
When micro-bubble is used, exhausted ozone is measured 
after some time passed. The reason is that almost of all 
micro-bubble of ozone is resolved into water and related to 
reaction of decorolization. 

 

 

Diffuser, W=1.8g/h 

Micro-Bubble, W=1.8g/h 

C
ol

or
 (d

eg
re

e)
 

 
Fig. 8. Change in color with time 

 

 
 
Fig. 9. Change in density of exhaust Ozone with time 
 
Conclusions 

 
The effect of fluid properties on particle size of 

micro-bubble is focused on. Particle size distribution is 
measured by changing kinetic viscosity and boundary 
tension force coefficient. It is found that increase of kinetic 
viscosity  and boundary tension force coefficient  has 
effect of generation of ever particle size uniformly. 

Time Elapsed (hours) 

Diffuser, W=5.4g/h 

Micro-Bubble, W=5.4g/h 

Diffuser, W=3.6g/h 

Micro-Bubble, W=3.6g/h 

Micro-bubble Generator 

cylindrical tank 

/L
) 

3
D

en
si

ty
 o

f E
xh

au
st

 O
zo

ne
 (m

gO

diffuser 

Diffuser, W=5.4g/h 

Micro-Bubble, W=5.4g/h

Time Elapsed (hours) 

Diffuser, W=1.8g/h

Micro-Bubble, W=1.8g/h

 39



 40

Next, micro-bubble ozone is applied to sewage 
decolorization. Using micro-bubble ozone decolorizes 
color of sewage. The problem of exhaust ozone, which has 
bad effect on human beings, is possible to resolve. 
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