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Investigation on Washing Effects for Nano-Bubble/Surfactant Mixtures in an Alternating Flow
Akiomi USHIDA™', Tomiichi HASEGAWA, Keiko AMAKI,
Toshiyuki NAKAJIMA, Naoyuki TAKAHASHI and Takatsune NARUMI

" Venture Business Laboratory, Niigata University
8050, Ikarashi-2, Nishi-ku, Niigata-shi, 950-2181, JAPAN

Laundry wastewater is known to contribute to water pollution, and the need to reduce the amount of detergents
used is recognized. Extensive research has focused on the washing effects of micro-bubbles and nano-bubbles, and
mechanical work has been found to account for 50% of the washing effect. In the present research, a water/nano-bubble
mixture and several types of surfactants were investigated in an alternating flow system. The nano-bubble water
achieved a washing rate of about 5% greater than that of ion exchanged water. In addition, nano-bubbles mixed with an
aqueous solution of surfactant exhibited a washing rate that depended on the ionization of the surfactant: the mixture of
nano-bubbles and anionic surfactant exhibited a washing rate that was 10% higher than that of aqueous anionic
surfactant solution without nano-bubbles. As measured by the du Noily method, the surface tension of nano-bubble
water and anionic surfactant/nano-bubble mixtures were lower than that of water and aqueous anionic surfactant

solution, respectively. These results provide evidence of an enhanced washing effect for nano-bubble mixtures.
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Fig.1 Experimental procedure of alternating flows
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Table 1 Schema of a polluted cloth

oleic acid 28.3%
triolein 15.6%

cholesterol 1.6%

) Fat o

organic liquid paraffin 2.5%
squalene 2.5%

oleic cholesterol 12.2%

protein gelatin 7.0%

) clay 29.8%

mineral

carbon black 0.5%

3-3 %R

ARFFETIL, BedHR & U CTARBER (W7 RN 7 > 75 GSR-200) % FHAWTIERLL 7o 1 A 23k (BLF, H
AR ERES.), KTk LIRTE B 1%D 28R % midheRl (X 2(a),b) ([ZTRE LK LT, F /7 87K EM
S) &R EEE O YO T D 3 TR R TEEAIKIAE: Polyoxyethylene (23) lauryl ether (BLF, AE),
Benzalkonium chloride (BAF, BC), Laurylbenzene sulfonic acid sodium salt (EAF, LAS) &7/ 7 KERE
Ve oF 5 fiH 2 V2, 36 2 ICKEYERL E R & NEE 3 mm OFIEREEEFHC & » THIE L7ZiEE T=20°COHA D
KEF I RTIAK, FRETEEAKEE O EZ <. £/, Amaki 59X Ushida 572X~ T, AWFZE TR
U 7o SIS A KRR L = = — D U2 R 2 ERNE S TR Y, AT CTHW D TERITAK & R CHEEE,
METHDLZ B> TS, eme TEER I B/VREZERL, Z O ETIERmIEEAITERIR I B L
TN DEERE AT T 5 2 b TV, £, FETEMFII KR TR 2 A9 5 2 L 3 0h- T
W5 OO ARG FZE TR RETEMRI OSKEIE, A A RE LT AE, A A% ELTBC, BAFUREL
TLAS ThD. 728, D= DIZ, KO E FEIEHAIKIER DA OVEHFERBR HIT 72, £z, T/ 370K
DOVERLCIX, F/ NI VREALEE (KA Y =7 U 7 HANDS-S-10) & =, X 2(c)lT /2 k-t
& (ARSI & - T A K; NanoSight LM10-HS) % FWCRIGE L7k 0 Ai 2759, KIa O AR IE 80 nm
ThY, vA 7 vt A XU LEOKIEABFAEL TWIRNT LG50 5.

Table 2 Properties of test liquids

o Density Viscosity M. W. c.m.c
Test liquids 5 ) B
x10°[kg/m’] x10~[Pa-s] [-] [ppm]
water 1.00 1.00 - -
nano-bubble water 0.99 1.00 - -
AE 1.00 1.00 1199.5 100
BC 1.00 1.00 354.0 400
LAS 1.00 1.00 348.5 150
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Fig.2 Schema of (a)swirl flow, (b)mixed nano-bubble/water, and (c)number density plotted against particle size
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Fig.3 Differences between measured 50 points and 3ponits.
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Fig.4 Washing rate, a, vs. flow rate, Q, for water and nano-bubble water
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Fig.5 Washing rate, o, plotted against concentration, C, for (a)AE, (b)BC, and (c)LAS
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Fig.6 Schematic image of (a)experimental apparatus and (b)measuring surface tension
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Fig.7 Experimental results of surface tension for (a)AE, (b)BC, and (c)LAS
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Fig.8 Electric double layer and (a)only AE and (b)mixed nano-bubble/AE liquids
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Fig.9 Electric double layer and (a)only BC and (b)mixed nano-bubble/BC liquids
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Fig.10 Electric double layer and (a)only BC and (b)mixed nano-bubble/BC liquids
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