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Fabrication of nano-scale morphology of surface controlled
electrodes and analysis of gas-liquid interface of nanobubbles.
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W S OBESE (9€30) :Particle—size control of hydrogen and oxygen nanobubbles with water
electrolysis was succeeded with the clearly controlled nano—scale morphology of electrode
surface. We obtained experimentally the hints to clarify the structure of the gas—liquid
interface of nanobubbles. Existence sate of ozone—nanobubbles obtained by water
electrolysis with boron—doped diamond electrode was originally clarified.
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Fig.1. Relation between diameter distribution of Pt-nanoparticle and
diamter distribution of hydrogen nanobubble.
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Table 1. Average diameter of Pt-nanparticles on

electrode surface (Dpy), diameter of nanobubble (D) and
ratio of D to Dpt.

Dpt/ nm D/nm D/Dp¢

Pt-Au 34-64 44-74 1.2-1.3
Pt-Ag 40-54 57-58 1.1-1.5
Pt-Ru 43-56 80-98 1.8-1.9
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Fig.2. Diameter distribution of oxygen-nanobubble in electrolyzed
water before centrifuge separation.
Ionic strength: 0.02 M, Current density: 50.0 mA/cm?
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Fig.3. Effect of ionic strength on the diameter of oxygen nanobubble.

Electrolyte : Na,SO,, A: Pt-plate electrode, A: Ir,03/Au electrode.
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Fig.4. Separation ratio of oxygen nano-bubbles after centrifuge separation.
(pH 12.0 Na,S0, )
Red : upper layer, Black : middle layer, Blue : lower layer.
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Fig.5. Separation ratio of oxygen nanobubbles after centrifuge
separation. ( pH 12.0, Na2S0y4)

Red : upper layer, Black : middle layer, Blue : lower layer.
Current density: 50.0 mA/cm?
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Fig.6. Stability of ozone nanobubble.
1

Electrolyte: 0.1M LiNO; flow rate:100mL min . Electrode : Si-BDD.



ETHIIE, AT ARNT IO EE I —
ELIpol, FITCIOWEELY v F I NT
NOEE Liz, DED, AV F /) RXT D
LEM ARG Uiz, 2O E % Fig. 6 1277,
BT DAY T ) XTIVIEEE L, 5 FEH
TE¥utiroiz, XHRZK D LAV L KIEK
T 2T R ERbEOT, AV F R
TINE IR ThTNTHFMPENTZZ LI
%5,

F T ) XTIV OIFEEPRIALITK) 100nm T
b, ALEmRTHE LN A I RT L
DIEHPRILEK) 160nm L D /X vy, BDD FEARD
REFEIFEAEEME Y KEWVWoT, B
MBEOREEINT S T ) XTILORi R
RO TWEDITTIEARWE EIXHETH
%, KEMRTHLNT-AY 55F1%. £9 BDD
EBOTEIES THET D23, BDD FHA A v
DTIIIER LW ERET D, ZDOIRGE FT
X, Dtt Z OIE S TEH Y U R ERE L
Bl D72 DIEER TRIBICRE L) /) T
Ve ind, TDF ) XTIV INEME R OTE
72 81K - T, BDD DOIEMES N SEENLT 5,
Z OBERLIZE T B K& &3 100nm Fijfg Thi
X, ZOEBREENEGEOND, ZOREDT
TiX, BRIEIES CHECTEA Y VR0
7 IR T DS b v B HERI S N D,
L7235 T, BDD OHEITEAFAY sz &
NETFELRWITTHD, 202 & HER
FER L —EH LTV, oz &, BDD
BB CTOL T ) NTIVOERA T =X
A, KFBBIOBEEF / N7z
STWHZ EEHLMNI LT,

(3) [F 7 T DRG]

OQkFEF 7 NT T, 5 EFRTIITIEEK
FRTHETE D, /2. ALK ROt
FAL TR (L) A A v 28 () A A IZET
T&E 5, ZOBITUSITIEFKTE LA CREE
DT, KEOBEIIKFT ) TV LR
KFLEORIEHEDOENESGDL Z LIXTE A
Mol

QWFEF I/ T, vA T T—T kT
MU T AEEEAVTHIEFL TV DLIET
M LNIE CE o T-, F 2T, S
JNTNERET DT EBET/
NRITNVEEETHZENTEE, 202 LT
BFRT I RNTADREFEICRETHDL L%
RLTWB, ZDOZEnbEESRT /) N7 %
WRAEIE T L 0 BUSHENFEFE IRV Z &3 b
M5,
@A T 7 R TE, B b EART IR
AT I NRNTNVREEERTED, ZDZ
CNXEEA Y K0 D URSER RN b
NhHN5bH,

Dbz Emb, T R_RT X D%
et Lz, T AR EICH T 2N TR O
INDH T ZAEPMEE LTEGEIC, ZOfME

YOBREIIZIZ L OFETIThRL &, F
JRT IV EBEROMBAEDET, ZOHT
AER I E LT T AR RERET D
LIRS LT, ZO%E, 777 LT
F ) RTNIR L TCTBERZ T TIEIE T A%
REBRETLHZ LIXTERholz, B, K
FF I NRNTNEHND EBRERIRES
NRINVERWEREL Y K& o721, S/
TINDFMEEZZD EHBFET ) NTILD)
DFHALLTWEE X T,

A& i

(1) [ St 2 filE U7 EAm o /R ]

< KFTF I RTE, Ny FIETITEMRE I
ODHETF JRTFORESIEEHELNDKES
INRNTNLDOKRESEOMTHBERMBRED L.
RIEEHIENC RS L=, LovL, 7 e —iETld,
TR DN K Z < RIRAEIIA 0 TH
277,

BRSO NT T, T e —IBIBWTER
AV T LT IRTFORE S &N A
S, RIEHIENIRE Lz, £/, Ny FiE
TII[EA Ao O DFEWIZ L 0 RN R
2B T LNy Ino T, RiIRERIETE D 2
EEPH BN LT,

< BgR T NT VO SERE L, ST
AF L EERBL TS, REICEREINLTW
LKL A A v DRRFEIX, 7V 7 JREDHK)
160 fFCTHAZ EEHLMNILE, IHIZ,
T RTIEIRDOE L BEDRE RN ST/
NRTNVDOBOIIE T ) T & —fEicEh<
BRH-T, ZZICEBINTA AR/
NTNVORMTOEICESRT S Z &5 H
BT LT,

QA I RTAOERE EREED
A% ]
BIREAKPICE TN DAY T T _TFH )
NINTHDHZ EEPDHTHLMMNZL, T/
NTNVOEBFIEZRB L, S612, 4V
VI RTIIRIEA VL0 bR
ECRULMERNENT & 2B Mz LT,

(3) [F/ NI N DRG]

T XTI, WERIR LD SOSTEDMER
ZEERHOMNC L, £, BERICHW R
DOHMEZHS N LT,

5. ERRERLFE
(WFgEfFeE . WIZes a8 K OB TR 4 1
=)

UdEssam ) (B 11 14)

(D Nariaki Kakuta, Takeo Oku, Atsushi
Suzuki, Kenji Kikuchi and Shiomi
Kikuchi, Effect of an amorphous TiO2
addition on dye-sensitized solar cells
with organic dyes, Journal of Ceramic
Processing Research., Vol. 13, 2012,



28~31

@ Taro Kinumoto, Junichi Nakamura,
Kenji Kikuchi and Zempachi Ogumi,
Hydrogen peroxide formation on
several carbon materials in sulfuric
acid solution, /&%, 2010, 143-146.

(Fx¥E£) Gh16 1)

@ K. Kikuchi and T. OkamotSize Control
of Hydrogen Nanobubble by
Pt-nanoparticle/Ru Electrode, PRIME
2012.10.9, Hawaii

© HHFER, KEMTHOLND T/ ATV
DR EEE & ZEME, BERETRE 80
Al k4%, 2013.3.31, fl#&

@ AJRJEF, FHIEEK, KEMIC LD ER
LAY v OEMEETIZIT LR
HE. % 3 5 RIS — Y — & L
EHR RS, 2011.11.15, FUHD

@ K. Kikuchi and Aoi Ioka, Stability and
weight of oxygen nanobubble obtained
with water electrolysis., The

International Society of
Electrochemistry, 2010.9.28, France,
Nice.

(XEF) GF o)

(PESEIA PEHE]
ORI (G0 )

Py i
LR
MR
FSH
iR
HEEFEH B -
ENA DR -

OBAHRIL (B0 )

Py i
LR
MR
FSH
iR
BASHEA A
ENA DR -

(£ D)

R B — DA

http://www. mat. usp. ac. jp/profile/kikuch
ik/contact/

6. WFIERE
() B s

iHhAEYR (KENJT KIKUCHI)
BEAR WAL R« TR0 - %
&K= : 10074080

Q) Brge g
2L ( )
WIrEE S

(3) HHEMF 5L
2L ( )
WoeEE S


http://www.mat.usp.ac.jp/profile/kikuch

