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A new analysis and measurement technology to evaluate the properties of
ultrafine bubbles (UFB) was developed. We have developed a slow freeze-thaw method for evaluating
the purity of UFB as well as UFB water dilution and concentration technology. The efficient
production technology of ozone water for sterilization of E. coli were also obtained by using fast
dissolution of gas by using microbubble aeration. We also succeeded in producing single microbubbles

using a microchannel and UFB from water by irradiating ultrasonic waves.

In addition, we established the International Fine Bubble Consortium in Germany-Canada-Japan and we
hosted two international workshops on UFB in Canada in 2018 and 2019. In 2017, Prof. Terasaka and
Prof. Schlueter held an international conference in Japan as chairs.



B X C—19,. F—19—1, Z—19 ({5@)
1. WFZEBES D 5
1990 4EEE K 0 B A CRGIA TR O F2 A 1 72 5k ST

B ANEA L 2000 4B X D 4578 3 BF T OIS H - —
IHERD B V7=, BT 0D B « AT - 1 R T AT
D HMRENFEE LT 2012 41 (—4h) & |

FERE (BT 7 A VAT VEER YR ik YMET =4 7A
3SR, 2013 4RI I EIRSEE U R RE (1S0) 1o 770> AT
NWTT 7 A VAT ABIEMERS (te2s) s )
L S PUEBREE AL 2N B AR S 47z, 2017 ARI21E

15020489-1 TR 1 (27”3 Microbubble (JEAEHY 01 1 t:£g<y_1oo 1000 10000
1~100 zm ®&JA) & Ultrafine Bubble (R XSEE [um]

lun L FOSHA) BEOTEORKE LT Fine K1 77A A "TAOGHETER
Bubble 2N IERUTER Iz, £72 2015 4 4 A

IZRIEIZBE D 2 HARDMFERRNBE L 7 7 A L XTIVl G B R LT,

T 7 A N TIVERITHARBETT T R~ E B EA TN D, K TOREMZEN,
ARG 22 B~ DR B M, A DA BIRHER £ BT 72 K08 THE AL D Ve WRRBR 72 268 <0
BENBH SN TWD, —HTT7 7 A U NTDRTRERREESCHIEWHR A TEX S
FESPEITE S 70 . T A N T I A = A OB T IT T  72 EBRRL ST I L A AR
DERE 7 74 U NNT NVOFOWEE OFHIEIN OBR B3Rt T 5,

2. RO B

T 7 A UNT YA T ADGE L ARRACELED DITITT 7 A VST VR D A T = X LR
ARUETHY | ZOTDITT 7 A 8T VORI A FTREIC T 28 LW EH B S %2 T
H%, T TARBETIZ, VIV T 77 A N TNAOY 7 )V OFREEN & R Bt OB 217
9o EIA Y U HADT 7 A L NT AT X DB VERERHT, 7 7 A /T L O @ B R MERERE
fli, ~A4 27 BY AT LATDT 74 T IVAREERFT 5,

3. WD ik

()T RNT 77 AN NTAO5EE. TR L O

KHEDOTINVNT T 7 A 370 (LLF UFB & W) OFHED 7= DIZIIFTEDEIREDO UV KT 7
7 A RN TIVIREKY TV OFRL a L H I = g VBN EAREMEL L THRETH D,
IV ET T 7 A URT IR AMPIRIE I T O K T B EERE LB LY, B ORFZE T
I, A, OB, BUERE R & — a0 72 o Bl - RAEEIT CIX UFB & K0 B Ay BETRAE T 7
VW T TKHFTO UFB D438 © NIRRT O 21T 9,
(DUFB BRAS 77 BB

UFB /KIZ 2255, & Bk 2 JFUBHT N E g = UFB 384358 (Ultrafine GaLF FZIN-02, IDEC) THu
& L7z, UFB ARSI ANITZ UFB KWV v 7% AT ¢ 7 U —H— (—20°C) N THrE L IWTEL
MHRALIZ &> TR s B 2 28 0 S8 7=, I g 2 BNZER & Bl & 2 WI3Ks - Bin~
1298 U CRRBOHE 2 2 b S 7=, WO - iR TO Y2 7 LK O UFB $8R B Lok 728040 %
BT AR T E 2 (NanoSight LM-10, Malvern) CllE L Tl L 7=,
@UFB iR Bk

FEERED UFB KV 7V Z MK L > THERR L, W20 mREEE 2 O TRk o
UFB $5i i 2 E L 7=,
(DUFB J5 T A ek R

a—& ) —x R b — & — (GETRIRE-22°C, BRI 60°C, JERFRAKE S 70 hPa) 2 v
T UFB K> 7L 2783 S EAEAE/AK T O UFB BOEE 2 3HR L, MR A3 L7,

Q) FS T AU RT NS DT VA VARG & B R

AT ANET VAT X DRAEMEIC K o TRE &2 B OMKICK L CERRME 22 7= X
TNERMNE, T TKICHT DAY VOB ERET 272004 Y VIRRIZ~A 7 T Lk
BWH L, HEns~A 27 0x3T LDV A RN L DKP~DA Y AEIREE 2 FZEBRAITTH .
B O A AR X D KIGE O R % FhE L7,

B)H—T 7 A LT L O i R E O Bl BT & FFA

~A 7 T AR A~ O EE T AR Z WREIC T 2. BT 7 U VEHIERE L (RS 1X
Mg 20 X /& & 500mm) (222 5EFNK, EREFIK E72ITE R RK 2 AT, 2258 F 7213l O
AT ANRNTNEFLESEE, BEPOYA 7 anNTNE A=AV AN ERBEET A A
7 TR LEBIFITIC L > THABMEEZFHI L., BohE Mz b LIZ~A 7 A T
K76 OWERBENE LR 2RO T,

W~Ar7aF X NVERH LT 74 T VAR
~A 7 aRTNVOWE ZFET 5120, A AHE SN BE -0~ A 7 a7 Lo fE i
BDNETHD, T T 70T v FAFMBEPRIZRIEA T THiEER L, KPICEHESE5 2 L



T~ A7 a"T VAR ETS T,

G)EEBARIZ L DTN F T 7 7 A U NTIRERK & AT

LB TR AE S E =ik

AEI (B 24~131 kHz) 2 EEEBH CFE L UFB 234AESHE

72 UFB A2 RS R I3 978 75 6 PR IR ] 07K i A R SR e FE DS 3 2 . UFB Ak & Bl FE O3

MAH =X OB ETT T

(6) 7 7 A TV EHBERIE RN FE O HEE

RAY e Ty TRKE Schliter Bd%, 7702y A7 TRKF Krull BdFE X
AT T D—RKE AL Taweel % & EHEELREIEE2ITo72, S DI TFE (N 77

v I R) — KAV (N TNr) —HARGER) [T UFB ¥ 7 LK O EES#E 2 X DA

i L7,

4. WFTERRR

(1) DNV TT7A4 TN E, R KON
PERTETIT A BETE 22V KT D UFB % K218 s il i
EIZ X DB R LTz,
(DUFB U 7y B sk bR

X 2 1Z/R L7= & 912 UFB /K OFFIE s AR I C L v Kk
oD UFB £ B N 133 L < Uiz, KFE &2 RR18 IR
FiE SEAUL UFB 2k HBWHT Z N T, @iz
SHDHLUBZMBEGERVKERDLZ ENTE,
(QUFB 7 BABR

X 3 (2 UFB /K ({13 BE 11. 1 X 10%/ml) Z Btk s
WL THR UL XD, (KREARE (FE n) & HR
FERINE (B Q) & OBMRE R LTz, UFB I TEHMIKER

AN & - THEH 12 ¢
MLEFAHRATIE 4o ©
S - NZANSAN [
7’5&)6\_ ENT Mo s 0
Zo Q [ -
@UFB AR 5 6 | >
M4 oRrL=kS T o4
(2 UFB K¥ > 7 L% 2 OUFBK
mERRT L, # LB |

RPN R RS 0o 2 4 6 8
(W/ Vo) & B30 FE IR i 10/ Dy
N/ ITIFIE B =8 UFBKEF ki Ik
Lz, ZOfERLDY DFR

UFB 7K 72> B 7K & 78 3§

SH DL URB RO THER SND Z RSN,

Q) A T 7 A NI L DR E R AT
IKDFY o H ABRKIZB N TKI A B E DAL,
X, A EKROEOWERENZT TR, KFTOFY
COHOHMRLEEST S, FC CHOYMEEE LI-WE
BEhEE AR L, RO S -ciEz o st
TR LW Y VIR 2 15T, KT O K
HIEA Y VR E CIIREDEN G O T BRI EA Y
VIBEDOHIENGE N, INXV AU HADT 7 A v
NI LY EEE A K 2858 UE O BIEREE I
FCTHRITIUTA Y R AR EREIFFTE 5,

(3) 7 7 A L NT VO EE AR RE O fc it 7R & FEAR

KFEH A —KRCTH—~A 7 a7 )LD EHE# L
RN G 5B 2 B B 7 4 TR L TR 247 -
7oo BB ITRT L D ITAKPPIAVELT T ARED /NS0
FENEEE TN L2, ZORERITERET L E D
I —F LT,

¥WFEE N [x108/mL]

NI N,

1.2
| & SRR
08
0.4
0.0 " Y
! 10 100

BFR d [nm]

1000

X2 AR SR R AR AT O K

UFB 434

100 ¢

. NHMBRETE N,
L[ O 11.8x 108 /mL
[ | A 26.6x108/mL

>A

-
_\:h

10
V! Vg

100

X 4 UFB K OJWIEARREC X DIk

o
o

Water “

w
o

O Vacuum(Pa50kPa) 0.141
027

A Alr-saturated

Microbubble diameter d [um)
3 =

|

(molfm’) [mol/m”)
O Vacwum{Pa3kPas) 00412 00779
O Vacuum(P=30kPs) 00834 0158

.

0.266
0s1

5 10 15
Observing time t-t, [s)

o

20

b FHKIRICBIT D~ A7

=AY R L0

6 ~f /7 uF v RILHNATS

W~Ar7aFxxNVERH LT 74 T VAR
K6lvA 7T v RrIVNORIKAT T L~ 70

(F) LR ~ORIAHH ()



F ¥ FNVOHEHERD /) AV ETAR L 72 &de (B2 250um) 27~ Lic, A4 7 2 F ¥ 2 LN
KA T 7 %R L CH—RM ST E IR LT,

G)EFERIIC LD VIV T 7 7 A ST IREAERR L KA

B 7 (R LD I, BER A LA o p—
RIS KX VIE L LD K& 7 UFB Bl afs 2 ° [ L2, o
B2 ERTE I, U IA R E R TR S [ 2
PREVIESBARSESAT 5 - L emn—5 2 [T
L7z, SHRER M SRR, fioGiick~T 2 | .
WO T/RhEW UFB MREREARE TR LI SR £,
5%, 25
- « °

(6) 7 7 A 37 L EB IR I B

RAY e N TV 7 TRERY: Schluter i & Hi— 0

77 A AT BRI BT DHE, 77 v A ’ wcjj.t ofdmlvc: oxygen DO [?ng-“L] ’
Uy A7 TRRE Krull Hfpb~A 70T v 3% . ;

FIH LI 7 A4 XTI T D098, 4 - 20 T IBFERERE & ARk UFB Hoi
NG U—RF AL Taweel BiR & A Y ~A 7 a7 L OR%

JZBT 202 TV, RRE) . (DB RN DRk

RefGlc, SHIZATHE NV T7 07 RA) = RAY (N7 7)) — ARG BT UB o7
JLIK D EBEEE T K D MHARER A 4TV, UFB K23 10 BEfE 288 % 2 [E B2 gt 2 b it 2 H 4
HTEEEIELT,

& BT Schluter #f% (K4 V), Al Taweel #i% (77 4) B L OSp#HE (AA) THEHERT 7
AUNRT N =T AEFEN LT, 20188 HITAKa L Y= T MIHFTH -~ T 7y
JAHENING D= REETIIV T T 7 A U NRTINCET 5 MRYIOEBE Y — 27 v 3 v 7 (First
International Workshop of the Applications on Fine and Ultrafine Bubbles). % 2019 4E 9
HIZ Second International Workshop of the Applications on Fine and Ultrafine Bubbles
EERL, BAR, R4V, I FXBIOMED K 30 4 DOSMNEF 2157,

—J7. 2017 5 AICE Ui CEBERRBRESFRAIZ L B - N2 707 TRRY: Schliter
HAZ L NFEERE & LT 3rd International Symposium on Multiscale Multiphase Process
Engineering ZBME L, 77Uy a ¥y A 7 THRRE Krull #RoL Xy U— K% Al
Taweel i L LT AEK DT 7 A L ANTNVEBELFRIZEO 7T =0 7 Zigim LT,

<R CHEk>
(D Nirmalkar, N., Pacek, A. W., Barigou, M., On the Existence and Stability of Bulk Nanobubbles,
Langmuir., Vol. 34(37), 10964-73(2018).



31
2018
422-426
DOl
https://doi.org/10.3811/jjmf.31.422
32
2018
4-11
DOl
https://doi.org/10.3811/jjmf.32.4
M. Iwakiri, K. Terasaka, S. Fujioka, M. Schlueter, S. Kastens, S. Tanaka 30
Mass Transfer from a Shrinking Single Microbubble Rising in Water 2017
Japanese Journal of Multiphase Flow 529-535
DOl
https://doi.org/10.3811/jjmf.30.529
D. Ohde, B. Thomas, S. Matthes, Z. Percin, C. Engelmann, P. Bubenheim, K. Terasaka, M. 91
Schlueter, A. Liese
Fine Bubble- based CO2 Capture Mediated by Triethanolamine Coupled to Whole Cell 2019
Biotransformation
Chemie Ingenieur Technik 1822-1826

DOl
https://doi.org/10.1002/cite.201900113




46 13 30

15

2019

S. Tanaka, S. Fujioka, K. Terasaka

Effect of storage temperature on the colloidal stability of ultrafine bubbles in pure water

Okinawa Colloids2019

2019

S. Nagata, H. Matsuyama, T. Suzuki, H. Shakutsui., Y. Hayamizu, T. Fujii, T. Hata, Y. Nishiuchi,, S. Himuro, K. Terasaka

Study on Floor Cleaning by Ultra Finebubbles

Second International Workshop on the Applications of Fine and Ultrafine Bubbles

2019

S. Harada, A. Donaldson, A. M. Al Taweel, K. Terasaka

Ultrafine Bubble Stability During Aquaculture Nutrient Distribution

Second International Workshop on the Applications of Fine and Ultrafine Bubbles

2019




Y. Naruse, K. Terasaka, S. Fujioka

Separation, dilution and concentration of ultrafine bubbles in water

Second International Workshop on the Applications of Fine and Ultrafine Bubbles

2019

K. Yamazaki, S. Fujioka, K. Terasaka

Ultrafine bubble formation by spray injection from pressurized container

Second International Workshop on the Applications of Fine and Ultrafine Bubbles

2019

K. Terasaka

An Introduction to Fine Bubble Applications

Second International Workshop on the Applications of Fine and Ultrafine Bubbles

2019

2019

2019




S. Matthes, B. Thomas, P. Bubenheim, A. Liese, K. Terasaka, M. Schlueter

Influence of Microbubble Aeration on Hydrodynamics and Mass Transfer in a Lab Scaled Stirred Tank Reactor

12th European Congress of Chemical Engineering

2019

2019

S. Tanaka, S. Kastens, S. Fujioka, M. Schlueter, K. Terasaka

Mass Transfer from Freely Rising Microbubbles in Aqueous Solutions of Surfactant or Salt

14th International Conference on Gas-Liquid and Gas-Solid-Liquid Reactor Engineering

2019

84

2019




R. Sekimizu, K. Terasaka, S. Kastens, M. Schlueter, S. Fujioka

Promotion of Barley Germination for German Beer Brewing with Ultrafine Bubble Water

3rd International symposium on Application of High-voltage, Plasma & Micro/Nano Bubble (Fine Bubble) to Agriculture and
Agquaculture

2018

2018
2018

2018
2018

19 2018 )

2018




2018

2018

K. Terasaka

Penetration and Standardization of Fine Bubble Technology and International Expansion

First International Workshop on the Applications of Fine and Ultrafine Bubbles

2018

S. Harada, K. Terasaka, S. Fujioka

Development of novel degumming process using microbubble flotation

First International Workshop on the Applications of Fine and Ultrafine Bubbles

2018

T. Shomura, K. Terasaka, S. Fujioka

Radical Generation by Ultrasonic Irradiation in Ultrafine Bubble Water

First International Workshop on the Applications of Fine and Ultrafine Bubbles

2018




K. Mizuno, S. Fujioka, K. Terasaka, T. Shigehisa

Modeling of a Stationary Single Microbubble Dissolution

First International Workshop on the Applications of Fine and Ultrafine Bubbles

2018

S. Tanaka, S. Kastens, K. Terasaka, M. Schlueter, S. Fujioka

Mass transfer from a microbubble rising in clean and contaminated water

First International Workshop on the Applications of Fine and Ultrafine Bubbles

2018

S. Fujioka

Applications of Microbubbles in The Manufacture of Chemical Products

First International Workshop on the Applications of Fine and Ultrafine Bubbles

2018

Y. Noguchi, S. Matthes, S. Kastens, M. Schlueter, K. Terasaka

Experimental Investigation of the mass transfer from a shrinking microbubble using CLSM

First International Workshop on the Applications of Fine and Ultrafine Bubbles

2018




R. Hiroi, K. Terasaka, S. Fujioka, M. Schlueter, S. Kastens

Promoting Barley*s Germination with Ultrafine Bubble Water

First International Workshop on the Applications of Fine and Ultrafine Bubbles

2018

2018

2018

2018




2018

12

2018

K. Mizuno, S. Fujioka, K. Terasaka

Dissolution Behavior of a Single Microbubble Accumulating Dissolved Gas Around Its Surface

6th International Workshop on Process Intensification

2018

M. Nakamura, K. Terasaka, S. Fujioka

Generation of Ultrafine Bubbles by Ultrasonic Irradiation into Water Dissolving Air

6th International Workshop on Process Intensification

2018




M. Baba, K. Terasaka, S. Fujioka

Hydrogen Microbubble Generation by Fast Dissolution of Accompanying Ammonia Gas

6th International Workshop on Process Intensification

2018

S. Tanaka, M. lwakiri, K. Terasaka, S. Kastens, and M. Schlueter

Fast Mass Transfer from a Single Shrinking Microbubble into Water

2nd International Symposium on Multiscale Multiphase Process Engineering

2017

T. Shigehisa, S. Fujioka and K. Terasaka

Mass Transfer during a Gas Dissolution Process around a Stationary Single Microbubble

The 13th International Conference on Gas-Liquid & Gas-Liquid-Solid Reactor Engineering

2017

S. Tanaka, M. lwakiri, K. Terasaka, S. Kastens, and M. Schlueter

Mass Transfer from a Fast Shrinking Microbubble Containing N2 and/or 02 into water

The 13th International Conference on Gas-Liquid & Gas-Liquid-Solid Reactor Engineering

2017




N. Yoda, K. Terasaka and S. Fujioka

Separation of Ultrafine Bubbles from Water by Slow Freezing-Melting

The 13th International Conference on Gas-Liquid & Gas-Liquid-Solid Reactor Engineering

2017

K. Terasaka

Japan-German-Canada Cross-Cross Consortium of Fine Bubble Science

The 10th International Symposium on Fine Bubble Technology

2017

K. Terasaka

Penetration and Standardization of Fine Bubble Technology and International Expansion

The 3rd Symposium on the Union of Fine Bubble Scientists and Engineers

2017

2017

2017




2017

26

2017

2017

2017




2018

2018

2017

(Fujioka Satoko)

(50571361)

(32612)

(Schlueter Michael)




(Al Taweel Adel)

(Krull Rainer)

(Goshima Takashi)

(90709560) (17701)
(Kanai Yugo)

(90734921) (37111)
(Sugiura Toshihiko)

(70265932) (32612)
(Ando Keita)

(30639018) (32612)




