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Water purification by discharge inside bubble in water containing organic two dyes has been investigated. Indigo
carmine and azo phloxine were employed as specimens to evaluate decomposition efficiency. Oxygen or argon gases
were injected into the water near the high-voltage wire electrode to generate plasma to identify the dominant reactions
of the decolorization of the dye solutions. The energy efficiencies for decolorization of two dyes in single dye
solutions were almost same in the case of argon injection. Indigo carmine was decolorized with higher energy
efficiency than that of azo phloxine in the case of oxygen injection in single dye solution. Indigo carmine and azo
phloxine in the two dyes mixing solution were completely decolorized. Indigo carmine was preferentially
decomposed in the case of the mixed solution. These results show reaction rates of indigo carmine and chemical

species such as ozone and hydroxyl radical are much higher than that of azo phloxine.

1. [FL®»IC

KEBEL, NORFEZTTIEzL, AR Ticsn
THEMEE L2 DT CH 5. KEHREZ S| &2
FIRRNIIPEREYK, ARTEHEK, BRI ERHT b
5. TIHITITEDORR & ZRIERRIO/KAEREINIZ L 0 g S
NTETWA D L, —EBOMIS T, KEEEZM- L
TWRWIREOPKIC L 2 EEIHYR0, PRI DANER
R LWL D, HTRA~DHGIE DYT 2 L3RI L 7o
Tk, PRl FURERRE WYL ST D2,

15U B OB IR LA 2 IV D 3L 72 B 23 % %
2, BREEAOEREC 2 A MEA D, # LWEIARS BT
WD D TR S LT, VAT — 2 INT, K

F—T—F : HKREHE, KVARKGE, & Refxs T 200,
>
*EFRF IS (020-8551 &R 4-3-5)
Faculty of Engineering, Iwate University, 4-3-5, Ueda,
Morioka 020-8551, Japan
LY MR ERMSESHEIFERYE o 2 — (224-0033 RS
JIRARRIETARELX O o IR IR 4-7-21)
Research and  Development  Center, SHISHIDO
ELECTROSTATIC LTD., 4-7-21  Chigasaki-higashi,
Tsuzuki-ku, Yokohama 224-0033, Japan
ok EFIRFRRFD 020-8550 KNl 1-FH 3-18-8)
Faculty of Agriculture, Iwate University, 3-18-8, Ueda, Morioka
020-8550, Japan
! 2312036@iwate-w.ac.jp

TR LT T A~ e A THRIE & o3 2 7D ER
STV D BB OSRREOTIRIE, KPHEEIC &
VERSNDAY R0t RuXk T U7 L OIEHERER b
FTons. Zibid, EFICmIEN <, SHEOAKILE
MODSRISFTRE T 5.

KT X<, AKANTERIE L7 BRI SR C i\ VR
FOVAZHNS % 2 LT K0 AERTE 208, KOS
JERENZ ENBRERIARETH D, £D720, Kid%
B TAER L, KPP X~ DAEREZIET 55K 0%,
AR SUTITRRIE L, SRR 2 ST IS i S iR AL
BAAT O KAMEAKFHERAL ) 7 7 2 Batah g 7.

KT = NIRRT AU, #R 2 eV L
TO, MFFHESRF SN TS L UL, EEOBEKIC
\E, BEOIGRIERER SIVTND 2 ERZ. 2D,
B OTEGAE DR G STl O ORER LR %
FHIS D MER D D.

ABFFETIE, AW ELGRUC L 25K EzZ BRY L
L C, 2 B O G HY R 2 IR G DR IR BRI OBl
BT B ABRRENE &~ T2, AREYLEHZIE, Indigo carmine
(CAS No.860-22-0) & Azo phloxine (CAS No. 3734-67-6)
AW £, AT LT AZEIE, HAICHS
T 2L FROTEMERE I DV TG L 7.



KHPSIENIREIC & AR E L -AREERE R OB (RIHERS)

2. EREE

112, A L7=XTaNAE Y 77 4 OB 273, &
JEBRMC, B 0.2 mm DX T AT ARZE RV, X 1(a)D &
AN ORE AR BT e X 5 12, 4 ALE U7z, iR
1, E‘?x02mm0) SUS316 #2 AV, 4 AR B EERROHNT
B U7z, B, BEidEm e b 7 A IEb T

) Tﬁi&%@@%ﬁﬁ%%, 15 mm ZKHIZEH S HETW D DI
R, BIEEMOSEIT, TT AEOMS 20 mm REHC
B L7z, 72, WIEBBOY T 28T, KEOAREZ
RESE2H09T, 73y (An) b LIEEE (0) 27isE
2.0 L/min TEEA L9, Ak S A KIAOBEAITHI 1.6 mm T
BB, FEALTEZAAL, v o Fa—T%BLTHHEN
5. ZolE, SRR L RE R A ‘/ﬁ(ﬁﬁ
FEHAS, PG-320L) & FHVCHIE Lz, mIEEIRIC
eV AERE (MPC : Magnetic Pulse Compressor) IR
CRIAETRI/ERT MPC3000S-PS) % FV =, [X2 (2 MPC B3
ROBEFKRZRT. 2T o CoNEIERIZ L D BEX
Toth, YA URAZM ON IZhed L, 7LANT U REH LT
C RN —=REE SN D, C ITHEE SN- TR LF—23,
SI;, Cy, Sk, Cs, SIy 12 &k DRI THEME S, T vo & 72

A~ END. SL I, 2 VL RIEE L0 BT 572000
EITHNTND.

302, VT 7 ZICHINE N 2 B - BRI O —6 %
Y. HAEEZ 16 kV, #;%DLLH{F@k% 250 pps & L
7o 2V AT D EBIEOER S L, U T 7 Z iy
IZRBWTHI280ns THD.

4,52 Indigo carmine & Azo phloxine OfbZEAHIER A7~
FBHIL, Indigo carmine b L < i% Azo phloxine %, EiLZE4L
100 mL OFEFRIKIZ 20 pumol/L DPRFEIZ/2 2 L5 ICFREEL, B
IR & L CTHW=. $£77, Indigo carmine & Azo phloxine %15
A&, ZNEH 10 umol/L F721F, 20 umol/L DI IZFHHE
L, IRETRRE LTHWE.

Pifas (DR) & = VF—2h= (ED) 1%, BEROWLE X
v, znzEnAQ0), QI L v RDI=.

I N B — LR A% W Y

DR= P x100 [%]......(1)
Ep=2EX3E W] o @)

Jr
Z T, c IR OYIRE [umol/L) &7~ d. E£72, pIEV T
I B ~ORRPEG- TR — [JITHY, HIIETE (o) &V 7T
7 ZITHIND I (i0) DOFEZE RS LRz, AhkY
BEOWEEETE, WetE (MILTON ROY SPECTRONIC 301) %
FAWCHIE L7z, Indigo carmine 13, KB ETHS 610
nm DO, Azo phloxine 1, 531 nm OWLEEE 2 HIE L7~

-l

Gas out

Gas injection
#0.5 L/min
W wire
/¢= 0.2 mm
k| Sus 316 wire
¢=0.2mm
RN

bl

Glass tube 1
én= 0.8 mm

Urethane tube N 25 mm

N

75 mm

o

O 0000 d

15 OU

50 mm

(a) (b)
1 U7 7% OBHEX: (a) Bk, (b)1Em X
Fig. 1 Schematic diagram of the reactor : (a) top view,
(b) side view.
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Fig. 3 Waveforms of output voltage and output current.
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Fig. 4 The structural formula of indigo carmine.
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Fig. 6 Decolorization rate of two dye solutions as a function of
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treatment time in the case of argon injection.
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Fig. 7 Energy efficiency for decolorization of two dye

solutions as a function of treatment time in the case of argon

injection.
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Fig. 8 Decolorization rate of two dye solutions as a function of
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treatment time in the case of oxygen injection.
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solutions as a function of treatment time in the case of oxygen
injection.
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Fig. 10 Decolorization rate of the single dye solutions and the

mixed solution of two dyes as a function of time in the case of

argon injection.
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Fig. 11 Energy efficiency for decolorization of the single dye

solutions and the mixed solution of two dyes as a function of

time in the case of argon injection.
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Fig. 12 Decolorization rate of the single dye solutions and the
mixed solution of two dyes as a function of time in the case of

oxygen injection.
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mixed solution of two dyes as a function of time in the case of

argon injection.
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Fig. 15 Energy efficiency for decolorization of the single dye
solutions and the mixed solution of two dyes as a function of

time in the case of argon injection.

X0, WEEBAAAE % D ED I, Indigo carmine O HARVER
EHA, RETWED ED A LTV D Z E3bhs. &
7=, Indigo carmine ¢> DR OHENMILEN, IREVEIRD ED M
AL, 15 3 OMER T 1T Azo phloxine O BLRIAK &
FIFE L eoTe. T, A E iz A Indigo
carmine & & Y % < Kt L, Indigo carmine 2312 5222l
SN, £ Dk, Azo phloxine & A4 U NG L2 2 & RE
LLTEZLND.

1412, YEBlOWREE % 224 20 umol/L & L7255 0
BRIRIE & IRATRIZD DR OREE b 2R3, AT A1
ToIrE LTS, IREERTIZEIT 5 Indigo carmine
1%, 70 3 CFEAIZBE S 41, Azo phloxine 13, 90 43T
FRIIPEENTND. BEBHEOEEMAICE LT



KPRJENIELZ £ 2 IRE LA RERE R OB G (FIHEKS) 39

—e—Indigo carmine(Single 20 pmol/L)

—4A—Azo phloxine(Single 20 pmol/L)

-0--Indigo carmine(Mixed 20 pumol/L+ 20 pmol/L)
(f)AfAzo phloxine(Mixed 20 pmol/L+ 20 umol/L)

10
g0l Gas: O, .
L
g
c 60+ .
o | 4
© //////V/ -
_g 40+ A
B [ / //A/ PAN
O 2014 . -
[0} YAt
[a] - A
PiNg
(= L ! ! |
0 1 2 3 4 5

Treatment time [min]

16 O, IEARFOHUALAIR LIRSV DR ORFRZE L
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