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MR OBEE (330) :  In order to establish scientific and technological foundation for
materials processes using the plasmas generated in underwater bubbles, we have
performed modeling and simulation of the plasma chemical reaction processes involving
water and the bubble generation processes. Moreover, on the basis of these achievements,
we have proposed a novel underwater plasma process using integrated micro bubbles, and

proved 1its materials processing capability through methylene-blue-decolorization
experiments.
AT ERR
(e AHEAL - 1)
ELEERE iR & #t
2009 £ 1,300,000 390,000 1,690,000
2010 - 1,000,000 300,000 1,300,000
2011 i 1,000,000 300,000 1,300,000
FE
R
o Fr 3,300,000 990,000 4,290,000

S A U E

B OSE « fIE « 7T XA<FE - 7T A~ R
X—U— R I X, KH T T X<, Kk

1. WFERMEL IO 5
RHOMEBHGITIHS PO TEY
1L HE X DUERIT 1970 RO
B ER OB BEIL T T OGN E D 5L
FTENDIFEDLZ NSRS, BE, 2D
KR OMEBRRPEFEONEHEZEDDITE-S
TW5b, ZOEMIE, ERMflT &4 T
Ho-EBERE TH DT OMRE % R
IR A2 21tk o T, ZnETlopE

RPEESIC TRE L CEIREBENRE CH
HHARDT T X< TIEE LN W
EEBTEXHZEILH D,

BARRICIE., EBIC X » CTAERKR SRS
P DAL ST 5y - OBE & OTEZRIZ L -
THEMSCEES &%) 2 B S 0k 0 &%
LD Ed TR, IEEEIE N Y =
FEINARSNDZ L, kK2 HIE, H AL
LAMBETAR L W =WE RNk o7



T A=z LRI E ORI O RS EFIH L TR
RICEFEA S5 2 ENHKRD Z L, Bk
Wi o7 TER) TR TREEDOE

A A & OB ST
HMARRETH Y, Frar (bSO & A kiE
DHREIND Z &, L, BRx At
FFENTHWENLTHD, ITETIE, RIKIC
BEREEHTX DRRAETED L, Wb, %
b DTV WMEAR 7 EDISHNHE S
NDEHTmoT=, LLANE, WIENE
b4 2579 X< AL EROGmEE ., K
HCOT T A~ERaiiE, iz, 77 A~<E
AT OKIA B IX, 7ot AFRF N TE
DIFE EVTIZ BRI E A TN R,

2. WstoHBY

AR 53277 X~ (FFlKkF ORI
WIEIZ L 577 X=) BT b5 s
BREAEREI2L—a Ik TH
HMCT D, Tk, KOELEDISH
DAREZR T LWVIRIAR 577 A~7 k& &
PHER L, BXRFONATRE & 72 B SEAN I - B
TR ARMESI T AL AN ET D,

3. WD Ik

(1) KRBT 2K LA OET
e ialr—v gy
KBEETHEMT T A~ E2AEK L, T
WL DY (A F LT N—0TF) DR
REWET D, ZORETHE, HEHAESIC
/D ENTE, T b RS 72KE EOKHH
TR EXMG LT D, FRFIS, KEDZED
IRAE R IS B -3 2 B OSB3 1
FNEL, THEHWEKIGET VEER
T 5, TOETINEIKIZLT, ABFFETITH
FREMTHEE Y I 2L —a v &21T 9,
DY a b a URERD IR R 2R
HTXALYICETAEEEL., ki E
TNEWET H, ZRKFOKIEBHN O
FOSET VO E 125,

(2) KHEER OISR DT T b
Izl —v gV
KFPDOZIANT T X~ DR ET N 55
RESHE DT, ZTIEE D H OO D
Vialb—varEfTH, BRI, K]iE
TERORRO LTS VL LT, FEikgET L
FEEAL. BHEFELELUL. LY B
EERWD, Tk, KFICE N
DOOEMENEELE SV AZEN LTz & &
DRI B & iR C& 55T VA fEEE
T 5,

(3) HLWRIARE G~ 7 X~ D%

(1) & (2) T LT L%
FEIZL T, HrLWKERRE 77 A~ 38Ek%
REL, TORRNERIET D, ZHUTED,

(1) & (2) THLRIEREEZEICTSZ
& T, FEDNTHHL T v & A OHESLNATRE & 72
5L EFEIET D,

4. WFFERE

(1) KRBEGT 2K LSO OET
e ialr—v gy

FeEk A 2B T S KE Lo E %
KH L., KPIZEENL26885F ORIFZET
AT LT N—50F) B LITRT LIS
SRARECH D L HEEIE LT, F-. Bt
SIEREIZ XY | A DI OH 7 ¥
HIVRELE L TWDZ ENRBREINT, FiZ,
ZOREBIZL>THLND T T X~vH D1
FROGERZ . SEOZBSIBR A S D
HHZELICL S THEELRE, TORE, KE
THAL LTT AT ZRMUTESEIT,
WMOBELDEAF LT IL—5F D4
RN RN N T & A EERIICH 5T LT,
T2, TORNN, KOE -7z
T, TN OHRELZERTIT L DKOE L

0.30 T T T
xE oFE
<o <o
0.25+ £8 £8 _ —
08 OF AR C-H bending
4L 8% (~1084/cm)
0.20

NSV VAN

After treatment for 13 h

o
=
[¢)]

o

-

o
T

Methylene blue molecule

Absorbance (arb. units)

o
o
[&]
I
E

Before treatment A A
L

1600 1200 800

Wavenumber (cm™)

®1. KA BEETETSXTICLDNBEEDAFL
VIN—IKBREDDFRNMRINZARINL,

0.00

3.0 T T T T
H,0=1%
| Air 9-69% (0,:N,=8:2)

N
wn

Ar3P Active

N
=)
T

Ar3P Inactive

=

o
T
|

H,O + Ar3P = H + OH + Ar
O, + Ar3P = O + O(1D) + Ar|

. 3
OH concentration (mol/m”)
-
(4]
T

o
3
T
|

Steady state at 1 ms
| | | |
0 20 40 60 80 100

Ar concentration (%)

o
o

2. OHZREICHTHT7ITVERERFDORER,



Total = 2.0 ms

2.0us Pulse 15 kHz
Duration = 67 us

Total =1.5ms
1.5 us pulse 15 kHz

Total =1.0 ms
1.0 us pulse 15 kHz

Duration = 67 us Duration = 67 us

B3. KPTSAIMHEIDR B REED
Ialb—LavfER,

OH FVINDARNREZ D720 THDHI L
M2 R LY I ab—a UEEERND
B &M LTz,

(2) KHREROKIAE SRR DT T b
Izl —T gV
ﬁ¢¢f@m@%$%%fwm¢ét
2, BBHOBROFHRE, ¥ — gl
HEVE OWE LS. 2 LT, WS Jiéﬂ{@
B F TH ., Maxwell O 7R, R8GO
.. Navier-Stokes Dz, “FABE % 5
Level-Set (& #HAGHLEDL Z LTk - TE
T L, B3ITRT 9T, gD >
Ralb—YarEARRIC L, KIZ, 7VULR
& O > TEFINTIEKR S 1D K8
DA ZANRKEL 2D, L) ERFER O
BEATREME 2 EIET A2 L TRETLVDORY
PEEREE LT, 1 BRI DR A r—
b & ZEEI DOV AN AT D B O WRE ] A
&~wﬁk%<:&&étw\ﬁ&%ﬁm
1 BOKIAFEREO Y A XH, EEFIINRER]
WX LT, EOXITEDLDINEFFEL, E
B R OMEM AR TX D008 5 D ERGE
L7z, ZORER, #hagiao ¥ XoihnE
MZREECEXDET ABHBETE NS D
EEBALMI LT, £2. 29 LRI
543579 XA~ o RaHICD
WTHEFL, &F 2RO, —R
Y Fa—T7 OREEMICFHTESZ
LR LM LT,

(3) Kyas it B O fiR A
KIAN DO E R ﬁ#%ﬁﬂ7%~&?%
HEUNERE, WAEER, WRINFHESR
of&@£9’ﬁb5@#%ﬁﬁm_ﬁm
AR CTORIBNILEIZE L 7= HUNEES
BRI IRET DO ZH L
MZ LTz, —FH., WWORRY A XDZELD
WRE A 2r— i, BTG ORI A r— 1 b
AR ERRDTRE WD, MEBRIZE 5
TITIEOFRRLY A XITE(L LTy, &
RELTH IV, £2C, L THLNE
OHIZERAELEZEREZLLICLTT TR~
HAEDET ML BITV, KPXKIAWNEEZ B
Az ET Vb LT,

TTeaUnenttnne(nun)

4. FRLERIEKkPTSXTIZLS
AFLUTIL—IKBRDIEEBDREL,

Fm. BFRICL > TR LI-ET LA K
CLTEETHZ LI, ZILEMEZ
mfﬁﬁﬁ%%ﬁ%ﬁkbtk@i@7u
?Xéﬁﬁb\%%;\l4;%Ti5K\
AF LT N—5y A3 PR ~ D i B 23 AT
%f%é:&%%&bto

DL EOMFZERCR T, ENSCRfE S -
MICC 6 OB FFRE AT DA /3T b
DB DHIFIE & 7o T2,

Flo, EERDPOOFER SN, EEXERED
LR RIS 72 03 5 72,

LSBT, ABFFEIC > TEORZET VA
Hg L LT, BRIREDSN O FIEIZES
SRIREAE- 77 X<z b BB L. O
HRAEIKRT D, $To, 20X H BT I X~
EIALEY ET 2 EERELEEL, L
WIEIRR 5759 A~ 7t A EIRE LT
<

5. E7pdEFim L
(WFFEREH, FE
(=S

GfEREmm ) (G 5 )

@D S. N. Abolmasov, K. Tachibana and T.
Shirafuji, Mechanisms of pattern
formation in dielectric  barrier
discharges, IEEE Trans. Plasma Sci.,
Vol. 39, No. 11, pp.2090-2091 (2011).

@ K. Denpoh and T.  Shirafuji,
Modification of semianalytical finite
element model for radio frequency
sheaths in single- and dual-frequency
capacitively coupled plasmas: II. Effects
of nonuniform bulk plasma density and
charging at dielectric surface, Jpn. J.
Appl. Phys., Vol. 50, No. 3, 036001 (6pp)
(2011).

@ T. Shirafuji, J. Hieda, O. Takai, N.
Saito, T. Morita, O. Sakai and K.
Tachibana, FTIR study of methylene
blue plasma degradation products

Gy e ONEEERT7EE 12



through plasma treatment on water,
Proc. 2010 IEEE Region 10 Conf., Vol.
TenCon2010, pp.1938-1942 (2010).

@ K. Denpoh and T.  Shirafuiji,
Semianalytical finite element method
model for radio frequency sheaths in
single- and dual-frequency capacitively
coupled plasmas, Jpn. J. Appl. Phys.,
Vol. 48, 090209 (3pp) (2009).

rayE) G 19 )

@O T. _ Shirafuji, 3D integrated micro
solution plasmas ~ Effects of electrical
conductivity of liquid medium ~ , The
5th  International Conference on
Plasma-Nano Technology & Science,
201243 H 10 H, Rili, HA.

@ T. Shirafuji, Numerical investigation of
bubble formation in solution plasma
processing, The 4th International
Conference on Plasma-Nano Technology
and Science, 20114 3 H 11 H, &I, H
.

@ T. Shirafuji, Solution plasma processing
of carbon nano-fillers in ammonia
aqueous solution for preparation of
polymer nano-composite materials, The
57th International Symposium and
Exhibition of American Vacuum Society,
20104F 10 A 19 H, Albuquerque, U.S.A.

@ T. Shirafuji, K. Asano, J. Hieda, N. Saito
and O. Takai: Integrated-micro-solution
plasma in porous dielectric electrodes
and its application to water treatment,
The 7th International Conference on
Reactive Plasmas, The 28th Symposium
on Plasma Processing, and The 63rd
Gaseous Electronics Conference, 2010
410 A 7 H, Paris, France.

(XEF) GF 0 )

(PEZETY PEHE)
Oy Gt 2 )

AR RN T T XAk, W7 T A< 5
ALRIE, BOLENEAH LR E K O A S A
IR PRI

EWHE - Ak 2, &IF IR, Wk OKZE, W
k979, JEES FE, R HEZ, M B,
A

MERIFE © ASERZFIENKBRITSLRE, ENR
FIENA I RRYE, AR MR ERT
TR - R

%5 ¥rlE 2012-81750

HIFEEA H : 2012423 H 30 H

EWs o1 [EAN

A AKARERTT iR K UVKALEEE &
FEWE - mdE 16, W KR, BB SE
MR« ESIRTE AN SRR
R« HFFF

5y : F5iE 2010-149629

HFEEA H - 201045 6 A 30 H

[EIPRS DRI - EH

OB Gt 0 1)

(& Dfi]
R AR— DA
http://www.t-shirafuji.jp/

6. WFIEhER
(D) BFZe s
H#E 7 (SHIRAFUJI TATSURU)

WrgeE#&= + 10235757

(2) WFFE55 184
mL

(3) HHETTEA
mL

@) Broeim &
&= 78 (TAKAI OSAMU)
BB FPER T « RFBE Pt oeft - %
a5 - 40110712

Rk Z: (SATTO NAGAHIRO)
£ R« K2R TAAF7e R - bz
W92 %5+ 00329096

BHEMT (HIEDA JUNKO)
WAL KEE - B EHFIEAT - BhE
FgeE &5« 40566717



