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Measurement and correlation of size distribution of ultrafine bubbles generated by ultrafineGALF
using ten measuring instruments with five different measurement principles
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Abstract Ultrafine bubble water generated by ultrafineGALF were measured using: particle tracking
analysis method, laser diffraction scattering method, dynamic light scattering method, resonance mass
measurement method and electrical sensing zone method to examine the existence of ultrafine bubble in
liquid during the period between 2009 and 2013. The result shows, for the first time in the world, that
ultrafine bubbles in diameter of around 100 to 200 nm can be measured by any method. The results also
suggest the possibility of determining the number density of ultrafine bubbles using the laser diffraction

scattering method.
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Electrical sensing zone method
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Table 1 Instruments used to measure ultrafine bubbles in this
study, and the measuring principles involved

Measurement Product Name Manufacturers/ | Measured by
methods Dealers IDEC in

(@)| Particle tracking LM20/ NanoSight Jun., 2010
analysis NS500

(b)| Laser diffraction SALD7100HH | Shimadzu May., 2011

F scattering HELOS Sympatec Dec., 2012

(d)| Dynamic light Zetasizer Nano | Malvern Nov., 2011
scattering Instruments

@ ELSZ-2plus | Otsuka Sep., 2012

Electronics

W NANOPHOX Sympatec Dec., 2012

(9)| Resonance mass Archimedes Malvern Oct., 2012
measurement Instruments

(h)| Electrical sensing | gNano 1ZON Dec., 2013

W zone- Multisizer 4 Beckman Nov., 2009
(Particle charge Coulter

W analysis) Elzone 11 5390 Micromeritics Jul., 2013
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Fig. 1 Measurement results obtained by particle tracking
analysis method (NS500 (a))
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Fig. 2 Measurement results obtained by laser diffraction
scattering method (SALD7100HH (b))
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Fig. 3 Measurement results obtained by dynamic light scattering
method (Zetasizer Nano (d))
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Fig. 4 Measurement results obtained by resonance mass
measurement method (Archimedes (g))
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Fig. 5 Measurement results obtained by electrical sensing zone
method (gNano (h))
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Fig. 6 Mode diameter of ultrafine bubbles measured by each
measurement equipment and the measurable range involved
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Fig. 7 Relationship between the number density of ultrafine
bubbles measured by NS500 and the integrated value of light
scattered using SALD7100HH
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