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(A Study on the Characteristics of Hybrid—Plasma Torch for Dyeing Wastewater Treatment)

/A . WS . HYE . B
(Seok—Hyun Youn - Jae—Youn Park - Sang—Don Kim - Jang-Gun Jung)

2 o

B EEE FUIIE o8 £ ATE AU, of AT N8 SRS BAT 4T Aok
@%%7H@a?ﬂﬂw%ﬂaﬂaﬂ w3 Uz 8@l Holuk S shigich $5014 dolvhe

ﬂﬂPﬂﬂﬂﬂﬂﬂaﬁ%?%liﬂﬂ@mLWﬁiE%%ﬂw¢§“ﬂ“ﬂiﬂﬂﬂ%QMAQEﬂ
Ags $E0E HAHSasle) ARAAS Wlsle] BESD BT, ol FekzmEdE AU
AvseEgo] Tha 9171 SR, Bekznlsishubgel olg HOSH s8] o) okyd woh 2EelvlgaAl o &
IR FAWTh 2 & 4 ANk web] Sueigdo] ofaBetant EXjol Ha) ¥ B&H Selop
g ot 4 gt VAL VEIFRE, FAY ol 2R BERER § AGck

Abstract

Water treatment study employing plasma is thoroughly examined in the following paper. The research using
water plasma torch showed superior results in terms of economical and energy efficiency due to the substantial
reduction of electric power. A comparison of streamer and arc discharge phenomena taken place in water was
put under close scrutiny. Dyeing wastewater exposed to the plasma treatment was sampled and analyzed for
relative dissolved ozone concentration, hydrogen peroxide, as well as the color removal efficiency. It was found
that streamer discharges is more effective than arc discharge in growth of Ho(O» and O; by plasma chemical
constituents, though plasma torch had small oxidation reagents selectivity. Thus, streamer discharges, due to
the efficient plasma-chemical reactions environment, proved to be more efficient compare to the thermal arc
plasma loading.
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Fig. 2. The arc plasma torch
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Fig. 3. Temporal variation of H202 concentration
in the Arc discharge atmosphere
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Fig. 5. The streamer torch
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25 p

[ppm
- m N

0.5

(min]

a7 7. AERIUHEA| SESES| HETM
Fig. 7. Temporal variation of ozone concentration
in the Streamer discharge atmosphere

EX] 189 AnjdZo] ofaFetRvlEXA|1 o ¥
8] oF 1/47 =810l AnE)R] gho} ol Ux] &84 W
NME &8 E4S /AL IS ¢+ Atk =
g 2EHuAe olmbd T g A9 Aol
FE 74 7] "ol ZAZE - = AN
sl mElA] L3R FooA ek 2By
o] ofmkAe] w3 3icta & 4= ik

a9 63 7 2EuibdA] Fiseas) &
LES HMINE YER Aoz 0 AFZ w2
A sk 2E JErh

2Eg v Eg2rls ofaZeEnle} vl o
AT o WE A7H o] F2351H "oz
W EELE FEE HFUNM E3}TAE 12
= olad e g SAIRe] Ayl 249
HelE Roltyt FASA Frlshe 2=E et
ibei=s

o] AL ool AollA B F AFo] 5o &
Z3 s ieE 28(3) | 1B (ENIEEAT)
o] B2 yhg-3ic)

30,4+ H,0~20H+ 40,
20,+H,0,~20H*+30,

o] Iseige] 23S
ME BELEL Fo] FE3oF I} ISt 1
Boll il BELE 280] BEstn FFo EA
e £ELEY TEE F EHY vsE 84
A7led Ayl 988 doa & 5 o o]
g ol F2 ARt Aol mE ST FE
e BELEY FEIVIE T Ml LT
stel o & gt whgol| ofs) Fslrise] F5
7} AaHe AoE wddn

i
i
<
3
_(‘)_ll‘
X
%
:0‘1_11

thesl shspgAel o3t B0} 4dEm,
H,O~H"+OH"*
20H"— "0; +H,0,

2H ,0~H ,0,+ 0,

Journal of KIIEE, Vol. 22, No.8, August 2008



g2z 74 olefe] 215} Zo] OH-o]&0] o)
& 271 Bal7t dojue.

04+ 0H = "0, + HO}
0,+°0;—"0;+0,
03 +H,0~0H"+0H +0,

Asease] 2ol vs) §2
Z7He olfe 8EEY 7| Rs H91 &
skl el @49 8 o, 2
344 Ba7 Ba) HAYZ0] AR §71%
of s o zrl Uehta, Q5 sS4
SHIE Fol7k 7] wjie] A\7ke] Atol wet &
zoze Z7len PAsaE Padke Aow
AR B7Y 229 A9 EF9 A(Fluorine)
geos e AN VolE 2E A
AR cekd Pejel 47123 Ashrsg e
A 25 A3t 2 AsA 598 AUz
humld acidg}. é‘-.g_ %-Z':/H Ag%ﬂ;d %%3}]/&%7]

22e 47 B ED ARAAd G 5 g
2 UEd 4tk 929 sety 245 2a) o)A
Uz e&aple) sielol e §7123e) aist
Bhgo] Pojr|E BHARY, Q& AR §7]27}e)
Whgo] AEr oz yehiAy weds} el
the wol %}eﬂxﬁ slo} Aol FrraNEA
ol OHETIZo] o] 4shele) Fo4do] & o 4%
H3 i,

L
A

Color Removal[ %

[min]

[DAE2D2HAl MEHHE WolAWHA HEH S |

8 8. HEHAN M2 MEMH S8H|ln
Fig. 8. Decolorization efficiency in respect with
the type of the discharge

g . TNMEjR=8N| 227 M8, 2008 8¢

6 11 =
T2

Og 9. Eal=0l H2jd |l M:(30.0)
Fig. 9. Before plasma treatment of dyeing
wastewater.color(30.0)

(a): 1

Ho
o
N
Ar

(e)

A8 10. E2t=01 M2|F | e
Fig. 10. Alteration of color after plasma
treatment of dyeing wastewater



0Q
=2

g Mg {2 O0lEsE SEn0F §YHT

FE=u W] ofste @4o] o] FolAE=
A& EgH o, Set=vie] Ao ue} Y=z}
o Y& 7A€ A, LT, F, A9
A 59 A4 vlgo] EEA7] Wi 38 ukg
o] & dojd & Qe Fep=vhe] o] MEX g
of F23% ¢lz}elnt.

£ AgoAe oA AT vt 2ol A2l
F1[2], ¥59 Ax 00EE 7EL2 Fdo o}
aFezviet 2EguEetznts SYAA G4
o I8t Al mE HedstE 345
Ak

a9 82 2EmkA ) ol Al Zbzte] Wk
g W MEAA Z& v aZolth Ak
o] 57 F § M=o M FEE 9166(%]2 e
wtom, FAZM ok o] A X8 34[%)
2 ZAHAT

719 9,102 EEk=vt A A - F9] v @Akl
o (@~ (e 2EHLHA] AR whe Ae
stolmi(a: 1%, b: 28, ¢ 1 48, d 1 58), (@€ oF=2
WA 58T F (D 2E-4e} oladoed
58 AHejFo] ujmapzlelrk(d 1 2Em, §-:
=

fo

3. 8 E

B Aol AMRE =5EHR0EAE FAAY &
Wil X 2 AxH EdoA V& FEEdk=a)
B o] BlEl 4%t Ho| ug- Btk
283l Jzrs) A2ZE FFESHRPEXE 9
£33 FEEA W dsly oe3 2L FES
Ao
(1) Zel=zvl ALQAANE 23873 19 E AR
A X EALE ALt AYellA] L[EE
AAH 248 24 5 oy, £F5EE
ARl o] A g7l ik Algte] A<l §l
o] A&2Q EAahx)7} 71ssith

(2) FYU7IAE Air PumpE AHE3lY 3718 F
dgto W AAHQA Hgo] glov, Mg
W] F7|& Bolyo] v|Fhde 3 e
¢l 2EuubAS AHEYE A AEE o F

(7

o} eelg, agm Hgee B PAE A
S5 BEE L} ehde & 5 9l
Rt

OESCLELELEEPINEESELR L
ula FPshriet §E0ETY Hoge
Bs F244 £ gl $BE WS} Fol 4
=X 6% 2S¢ & g

(0) 2EYeiE=rteAE SRS A, 58
A% % REE 06048 A=AAT 75
S, B Ak ohaZehErEe] ulE)
SEAA o] 576809 S5 RO2 bk
o,

(6) ~EEWEA=AEAWW2DE 83
2 A ohazeEslEAIW)S oF 1/29)
NIRRT e & AASE veh

23, $FFeizeiA] AR 4480 0E o
S $A4% A77} ol Folirke 4832
Poo] WA % oz 4ad

References

(1) gl YEFE 0 QEX 27 gME9 C(M) B82S
Aoif 0|Rl= Y8 Korean Chem Eng. Res.Vol. 44, No.
6, Decerrber, 2006, pp. 644~649.

(2) 284, HAES, FME @ 2ED Z3T0 st TA|
stestiXlel XMelSd, 2YslE, Voli3, No7, pp72
8~734, 2002.

(3) H&A, B2, DY LELEE 0|28 IM HH
o COD ¥ MM, st=28H8l3| - UistasTsls
SESEAsIsWHES| =2, 306-309, 2005.

(4) ZAel, =2ek AYH 2lst 4E HRo S5 £4,
uistatd 2etelX|, 21(7), 1285-1295,1999.

(5) 4oy, RUE, ZFE: DME B2L.3To| <fst G
H4 £ Anthraquinonel H=2| AMH, s=ME35!3]
Al 12(1), 1-7, 1997.

(6) SladDf: Yo WEEHE X2l Proceedings 3rd
SGEM Symposium, 144-160, 1992,

(7) Foots, V. ) ,Mckey, G. and Healy, ). J.. The removal of
acid dye from effluent using natural adsorbent, Wat.
Res., 10, 10611070, 1976.

(8) W. E. Schwirkendorf, Lockheed Martin Idaho Technologies
Company, U. S. Department of Energy Assistant
Secretary for Environmental Management, 1997.

(9) A M Anpilov, E M Barkhudarov et al., ). Phys. D: Appl.
Phys., 34, 2001, 993-999.

{10) M Sato, T. Ogivama et al, IEEE Trans. Indus. App.,
Vol. 32, No. 1, 1996, 106-112.

{(11) 1gor VLisitsyn, Hiroaki Nomiyama, “Streamer discharge

Journal of KIIEE, Vol.22, No.8, August 2008



reactor for water treatment by pulsed power”, Rev. Sci.
Instum. Vol. 70, No 8, August 1999

(12) A M Anpilov, E M Barkhudrov, “Electric discharge in
water as a source of WV radiation, ozone and hydrogen
peroxide”, Journal of Physics, Appl. Phys. 34(2001)
993-99%.

(13} R. Peyrous, “The effect of relative humidity on ozone
production by corona discharge in oxygen or air-A
numerical simulation-Part 1 Oxygen Ozone”, Sci. Eng,
Vol. 12, No 1, pp 19-40, 1990.

(14) G. A Dawson, “Electrical corona from water—drop
surfaces”, J. Geo-phys. Res, Vol 75, No 12, pp. 2153-
2158, Apr. 1970.

(15) P. Lukes, A T. Appleton, B. R Lok, “Hydrogen
Peroxide and Ozone Formation in Hybrid Gas-Liquid
Flectrical Discharge Reactors”, IEEE Trans. Vol. 40, No 1,
JanvFeb. 2004.

{16) T. Anto Tri Sugiarto, M. Sato, et al, “Oxidaive
decoloration of dyes by pulsd discharge plasma in
water”, Jr. of Electrostatics, 58(2003) 135-145.

(17) DR. Grymonpre, AK. Sharma, et al, “The role of
Fenton's reaction in aqueous phase pulsed streamer
corona reactors”, Chemical Engineering Journal, 82 (2001)
189-20.

(18) AA Joshi, BR. Locke, P. Arce, W.C, Finney, “Formation
of hydroxyl radicals, hydrogen peroxide and aqueous
electrons by pulsed streamer corona discharge in
aqueous solution” Jr. of Hazardous Materials ra (1995)
3-30.

&g . TH|MeRRE=2rY mi227t Hige, 200813 8€

Al &

r.BL
=
)
o
o
oz
ria
ox
o
r

(+]
T

O MIt I &

84% (255
1982 19 1244, 20069 Addl 2d Aszsts
9. 2007 ¥ vigtg W71FEH AAlA,

XN & (T

1960 49 15941, 19869 Add T A7Fea
4. 19883 <stista digtd AzjFsty 44
A, 1991d ¥ digkd ArlFEd EA0RAD. dA)
A o A71FEH wF,

2 %

LYVE (2%

1955 3¥1594). 1983 Ao T Ar)Fsta £

1993% st ety AsFeta £3(MAH. 20039
tﬂwl WHEM 40, A4 A o)

°]"4 nFehi @,

B2 wEH)

1969 109 28904, 1997d Zdoh 3t} A7) &5t
9], 19999 Sid it AJFSH SUHAD,
20039 % et Ao Fete £91(UAD, BA AY
=% Gt A7 2 as



