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Identification of ultrafine bubbles and solid particles by resonant mass measurement method using MEMS device
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Abstract Various methods have been used to measure the particle size and number density of
ultrafine bubbles generated by the ultrafine bubble generator, ultrafineGALF. The presence of
particles with diameters of about 100 to 200 nm was indicated by every method that we used
before. However, conventional measurement methods using light scattering do not distinguish dust
particles from bubbles. On the other hand, resonant mass measurement method is capable of
distinguishing positively buoyant particles (bubbles) from negatively buoyant particles. In
addition, the results from the resonant mass measurement method have a moderate correlation
between the mode diameter results with particle size distribution measured by other 5 types of 10

measuring instruments.

Keywords: Ultrafine bubble, GALF, Resonant mass measurement, MEMS, Positively buoyant

1. #8

GALF H=UL, EEWrmEOEBIERIC LY | KAk s]
2 L DRIKIREG . [RUEDIRIE~OINEEAE, BHEIC L D8
FESUEHTH 21TV, I KIa 2 AR S5 HiETH D[],

UV kT 7 7 A 2370 (Ultrafine bubble: UFB) 1%, &
££1 pm DUT OB T, B ~OFLS 5 - b h
X RS - A B e ERIA S BT O AR ZEAS
HWEFEshTh3[2],

LT, 2009 FET L D AR A JAV T GALF I
L VAR L7 UFB ORIE Z1T - T X 72[3][4], MEAS T,
UFB A EEE OISl bz X 2508 E o s L 0%
BT OMEHRT K v |5 FE 10 B DR/ 5 EHIIRERE T UFB
ZRET D ERFRRIZZ2 Y | 42 100~200 nm FREEDE
BTImL H720 1X10° fHLL BAFFET 2 Z E BT L
72[6]. L2 L. JeHEL & V7= 3HE Tl AR+ & X7
V& BRRITE IR0l AWFETIE. IEDTRES) & Ri-ohL
T L B ORI B R oKL T & ik AT RE 7e IR AVE & E
(Resonant mass measurement: RMM) %% T, UFB &
ARLT-OFRBI A AT > 72,

2. #IRXBEERIEE

SRR U B E I, Fig. 1 1SR & 9 12 Micro
Electro-Mechanical Systems (MEMS) T2 & 0 <A 7 aiji
KT v XA BLOE VP RIEXD T Lox— RIZE
RENTEY, i+ 12T 2R+ 52 L TRUET S
FETHD, BT L AR 23 B LB 4L
JEB OB AT TRIILT, RFREER, BIY
F Do ERIET H[6],

Ultrafine bubble water

- X0 ‘
‘ ‘ Microfluidic channel

Fig. 1 Principle of RMM method using MEMS device
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Fig. 2 Comparison of conventional particle size measurement
methods (a) and resonant mass measurement method (b)
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Fig. 3 The positive peaks (a) and the size distribution (b) of
UFB filled pure water
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Fig. 4 The negative peaks (a) and the size distribution (b) of
UFB filled pure water
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Mode diameter of ultrafine bubbles
measured by each equipment (nm)
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Fig. 5 Mode diameter of ultrafine bubbles measured by each
measurement equipment and the measurable range involved

B i

AT BT 2 HEXE &ENEEIC L 2HE X, EE
Malvern Instruments £1:(Z33 T Darrell Bancarz KiZ217-> T
WEEWe, T 2R LD X VEERT,

SE

[1] #dE—132, AARRMATFFERMHES 2011 SHEw
SCEE, pp.428-429 (2011).

[2] Maeda, S. et al., 1st international symposium on Multiscale
Multiphase Process Engineering (MMPE), P-24 (2011).

[8] ATMEMETD, HARME SRR 2011 5
i OCEE, pp.430-431 (2011).

[4] /IHFBEITD, AARBHRERFERHERS 2012
A SCEE, pp.38-39 (2012).

[6] RIMEAETD, HARMR T SFERHHES 2014 G5
A, b FEYE 10 B D FHAIEEE 2 v
ultrafineGALF I[Z X VAR LDV RT 77 A N7
ORI FRRBIE &2 OFEBEME (2014).

[6] Liu,J.etal., Anal. Chem., Vol.84, pp. 6833-6840 (2012).

Measurablerange by each
measurementequipment



