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Fundamental Sudieson the Sate of Water

with the Generation of Micro and Nano-bubbles
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1. Introducion

The use of micro and nano-bubbles (MNB) in wates weported to be effective for the
acceleration of metabolism in shellfishes and vaigles [1, 2], accelerating the growth and
increasing the yield of the products. This effeetigss, however, cannot be explained only by the
increase of the dissolved oxygen (DO) concentratRark and Kurata [2], using MNB in the
solution for the hydroponic cultivation of lettuaahserved acceleration in growth in comparison
with lettuce grown in solution containing similaODconcentration but without MNB. Therefore,
the MNB should play an important role in the phyaipcal activity of living organisms.

There are still many questions concerning the rautibles that are not clear. Some of them
are the stability and size of nano-bubbles afterittroduction of MNB in water.

The present study aimed to investigate the statevater during and after the MNB
generation and, more specifically, to study thestexice and stability of bubbles in nano-scale in

water after the introduction of MNB.



2. Microand Nano-bubble Generation

Micro and nano-bubbles were produced in 2 literailbfapure water, obtained by a water
purification system (Direct-Q, Nihon Millipore LtdJapan). The gas used to produce micro and
nano-bubbles was pure oxygen.

A Micro-bubble Generator (OM4-GP-040, Aura Tec Qad., Japan) was used for the
production of micro and nano-bubbles. The water #edoxygen were introduced in the inlet
part of a magnetic gear pump (MDG-R2RVA100, Iwaki. Ctd., Japan) and subjected to a high
pressure (0.25 to 0.27 MPa) in a pressurized t&ldwing through the ejector nozzle in the
outlet, the gas-supersaturated water was depresdulieading to the nucleation of the bubbles,
which were dispersed in the water. The water wasulzted in this system for 40 minutes at

20°C. In this study, the water obtained after tiriscedure is referred to as “MNB water”.

3. (-Potential

3.1. Materialsand Methods

(-potential measurements of the oxygen MNB water pardormed using a Zeta Potential
Analyzer (Zeecom, Microtech Co. Ltd., Japan). Tdjistem detects the electrophoretic mobility
of particles in the range of 20 nm to 1@®n. The {-potential was calculated using the

Smoluchowski equation.

3.2. Reaults

The (-potential for the oxygen MNB water just after ttebble generation was in the range
from -44 to -40 mV. With time, the values decreasedbsolute value (-38 ~ -33 mV). The pH
was practically constant at pH 6.2~6.4. This resas$ similar to the data obtained by Takahashi
[3], which were around -35 mV in distilled watertiviair micro-bubbles at pH 5.8.

The negative value df-potential indicates the polarization of water nooles in the water,
as no ions were added in this system. The highegahf (-potential indicate the stability of
particles in the liquid phase, as they will repatke other. This could be a hint to understand the

possible stability of nano-bubbles.

4. Particle Size Distribution

4.1. Materialsand Methods

Zetasizer Nano ZS particle size analyzer (ZEN393@8mex Co., Japan), green badge (532 nm
laser), was used to detect particles in MNB watir dahe bubble generation. This analyzer detects
Brownian motion of particles from 0.6 nm tqué through Dynamic Light Scattering method. The

measurements were performed at 20°C and 5 to lidatpns were done.



4.2. Results

The particle size distribution of the oxygen MNB temjust after the bubble generation
showed a geometric mean diameter of 137 nm ancefficdent of variation of 61.2% (Fig 1(a)).
The stability of the particle size distribution wslsown by the regular shape of a mono-modal
lognormal curve and good repeatability of the mearments. After three days of observation,
larger particles with geometric mean diameter di 8& were detected and the dispersion of the

distribution size was higher, with a coefficientvariation of 107.4%.
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Fig 1 Average particle size distribution (n = 10) of theyggen MNB water (a) just after stop the
bubble production and (b) after 6 days. The vdrbeas represent the standard deviation at each

measurement point.

Finally, on the sixth day after the bubble genemtithe particle size distribution curves
were no longer mono-modal, with no repeatabilitd &me dispersion of the distribution became
very high (181.2%) as shown Fig 1(b). This result indicated an insufficient concetion of
particles to be detected by the instrument. Theedse in the particles concentration suggests the

disappearance of nano-bubbles due to the dissolofioxygen into the water.
5. Proton NMR Spin-lattice Relaxation Time

51. Materialsand Methods

Five replications of each sample (control and MN&Ye collected in tightly closed 10 mm
diameter NMR tubes. Proton spin-lattice relaxatimme (T;) was measured in a pulsed
spectrometer (JNM-MU25A, JEOL, Japan) at 25 MHzfiency and at constant temperature of
20°C, using the saturation recovery pulse sequence.

The experiment consisted in using manganese solasocontrol. Solutions of 3, 5, 10, 15,

40 mM of manganese (ll) chloride tetrahydrate §®IndH,O, Kanto Chemical Co. Inc., Japan)



were prepared (control sample), then oxygen MNBewgenerated in this solution { MNB
solution). A more detailed analysis was done atl manganese solution, diffusing oxygen

through a gas diffuser, which did not contain MNB, (vithout MNB solution).

5.2. Results

It was verified that Tincreased (p<0.05) after the introduction of oxyges MNB in all the
manganese concentrations tested. The DO concemtiatreased from about 7.7~ 9.4 mg-ib
control sample to 35.8~39.6 mg" in oxygen MNB solution.

One important point is that the increase in Wwas not caused by the increase in DO
concentration. The Owithout MNB solution at 10 mM M concentration had similar DO
concentration as the MNB solution: 37.1 mg-Tt and 38.8 mg-t, respectively. However, the
T, of the Q without MNB solution did not differ statisticallifom the control sample (p<0.05).
Therefore, the generation of micro and nano-bubldethe only reason for the;Tincrease
observed in @MVINB solution.

The major reason for the relaxation time changaxygen MNB solutions was the change in
apparent concentration of manganese ions. As bubbtéaces are negatively charged, as
indicated by thé-potential measurements, some amount of mangaoaseshould adsorb on the
bubble surface, resulting in a lower apparent®™mncentration in the solution. Since the
paramagnetic material decreasesohly when in direct contact with the water moleguthe
lower apparent concentration of Kirof the solution induced a lower paramagnetic ¢ffés a
consequence, a longer, Was observed in solutions containing MNB. Thistfaonfirms the

stability of nano-bubbles in the solution after temeration of oxygen MNB.

6. Conclusion

Using different approaches, the existence of staialro-bubbles in water was strongly
suggested. The particle size distribution indicatesl presence of particles with a few hundreds
nanometers in diameter during some days. Moredkerchange in Tof Mn** solution after the
introduction of oxygen MNB suggested the preserfceamo-bubbles by the adsorption of Mn
on the bubble surface. The stability of nano-sizellbles could be explained by both the highly
dissolved gas concentration in water and the ébatly charged interface of the bubbles,

supported by thé&-potential measurements.
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