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SO2 and CO Removal Characteristics in Various
Applied Voltage of Nonthermal Discharge
Plasma in a Crossed DC Magnetic Field

ST BN oot
Geun-Taek Lee - Sang-Taek Geum - Jae-Duk Moon

Abstract - SO; and CO gas removal characteristics of a wire-to- cylinder type nonthermal discharge plasma reactor
in various applied voltage (-dc, ac, fast rising pulse and high frequency pulse) and a crossed dc magnetic field have
been investigated. The experiment has been emphasized on the oxidizing characteristics of SO» and CO gas by O and
the applying of a crossed magnetic field, which would induce the cyclotronic and drift motions of electrons making the
residual time longer in the removal airgap space. And it also would enhance the energy of electrons and the
electrophysicochemical actions to remove the pollutant gases effectively. It is found that the corona onset voltage and
the breakdown voltage were decreased with increasing the crossed magnetic field and decrease initial fed S0, and CO
concentration. As a result, a higher ozone generation and SO: and CO gas removal rate of 20[%] can be obtained with
-dc, ac and fast rising pulse corona discharges in the crossed dc current-induced magnetic field. But high frequency
pulse didn’t show effect in applving of a crossed magnetic field.

Key Words : SO; and CO gas removal, Nonthermal discharge plasma, Crossed dc magnetic field,
Electrophysicochemical actions
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CE : cylinder electrode CW : corona wire Cp : pulse forming capacitor
FM : flow meter GA : gas analyzer Gl gas inlet

GO : gas outlet GT : glass tube MC : magnetic coil

MP : magnetic power supply OM : ozone monitor PR : plasma reacto

Re . protection resister RSG : rotary spark gap ST : sliding transformer

T1 : teflon insulator TL torch lamp

a9 1 A¥AA 9 Sepzep veRdx AgE

Fig. 1 Schematic of experimental setup
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and plasma reactor.
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CH1 : voltage wave CH2 : current wave

(a) Fast rising pulse voltage
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(b) High frequency oscillating pulse
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Fig. 2 Oscillograms of output voltage and current for
fast rising pulse and high frequency oscillating pulse.
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Fig. 3 Ozone generation characteristics of reactor as a
function of input ac power and dc magnetic flux density.
(a) Fast rising pulse voltage
(b) High frequency oscillating pulse
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Fig. 4 SO: removal characteristics of reactor as a
function of dc magnetic flux density and input ac power.
(a) Fast rising pulse voltage
(b) High frequency oscillating pulse
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Fig. 5 CO removal characteristics of reactor as a
function of dc magnetic flux density and input ac power.
(a) Fast rising pulse voltage
(b) High frequency oscillating pulse

Z, Faggrt FteH olg&nrt £ AAELE ASE
Ztzde FAdTed 44 meste] wdel 7ldsht, olF
£E7F e o]2EZ o9 oY (it WHRAR
o 2 ol A e FotellAM U ol22 [ WE A
T T W AT =¥ & QA do. a2zHizE A57
Eo) ZrtellA 7IAF AHFAZES] AR Fige] JF
o] A7 #AE57] wiel HAute] 71oF 2Fe] Aol

a9 4 (a)e
FE7F 330 ppm¥ W HA7E A&}
2 SOAAEAE vebd Aolth AATE A7 A &
, SO 20 wattell A 100[%] AAFRL 24
900 G7} §7FEAS W 1.3 warttel Al 100[%]A A =
2% 4b)e aFFGE2HY A7 SO7h2e] 27]]

2 >
i fo
2
o
2 >
o,
Moo B oo

eigtn
o

M S Lo i of

fu o
32

£

=7} 345 ppmd W AR AEAEs J Ao
SOAAERE e Zolth 2 wawhrlE A&Us
dapol 7o) glond 3 watrh WolHE AEDEe P

28 2AAY 10 [%]olHe] & AAEe Ao]E RS

rﬂ_an:

218

.

1600

ez 0 (6]
- 500(G]

Ozone Concentration {ppmV]

BT T T O

Fastrising pulse High fraquence pulse

Various applied voltages

(a)

Do (6]
— 900{G]

(%]

Sq removal rate

Fastrising pulse High frequenca puise

Various applied voltages

(b)

£z 0 (G}
- $00(G]

COremoval rate (%]

-de ac

Fastrising pulse High frequence pulse

Various applied voltages

(c)

29 6 AR

(a) S ELAESA

wakst e <sba
2 S0 & COAAEA.
(b) SO, MAEA

dol| w2 024

(c) CO AAEA

Fig. 6 Ozone generation, SO: removal and CO removal

characteristics by two magnetic flux density and various

applied voltages.

(a) Ozone generation characteristics

(b) SO: removal characteristics
(c) CO removal characteristics

2% 5(a)e eI A

%7} 1040 ppm¥ uw &£ 9f
Exy

A

UECIEEEE

o] M2 COAMA

98 Uehd Zelth AA7E A7kl ekg W, COTkae



P
H |
. 0
|
V=9 kV \ co
- H Noisex e
M \\Ak _ e s
sl T {
H i
o] !
O
i1 '
e VALKV | oo \;
iz SO »

DI el D RV v\ —~

-
(o) ’h ‘
. i o
Noisen = H [se) \
; - V=11 kV Jk/\.\ _Jf\_/J\.

.
4000 3500 3000 2500 2000 1300 1000
wavenumbers

29 7 AAEGe] me
Fig. 7 FTIR spectra of output gas of the plasma

#7t2e] FTIR 29 E7

reactor for different applied voltages.

2 Well A 757 AlRste) 5 WAAE E23 AAS
o] F7Fsht 5 Welito] 5 Axq38] Zatste AFgFE B

of
Zoh o)t COZtES AAYIFE Ol o8 AsAART
mAUA Azt 9@ Agshel s wEojz erizole) w
gol W4 & F4 Uloletu BRHRZ 5 Wrine 9
Aol mofuAast Ol o8 ASAAL Falo
afHoE Agstel FAW AALEE BAFL 5 Wolg
o fY QAWFUAL Ftel mek 049 wAL A% F
HE s A 9@ COTPEAAL AwE I u}am o

ol vl 2| A ztel]l 2§ CO7tael AAge] FABIA =lof E3}
S AEE BAFe Aozt AbmEla

Al AE AHRdW A A7t A ¥ W CO
b2 10 watteld 54 [%) AANDOY AELEI 900
G7t A7HERNE We sUAHAAN 76 [%] AAHA

a9 s5b)x= CO 7F29) Z7]UY s %=7F 1335 ppmdY

’“-"”?9} PP AGe] wE COANASAE YERA Ao}
CO7t2=9) A% H2 30 [W]H =9 2 AAE&E HagFx
Ao 2}74]9] BFEE AL YEhRR XFE B FEG o
T DT 23 oj2e) ¥ EAPA Asle] o)
Tzt e] FALQ A7 EegEago] Ak ¥y yE
o2 Box

18 6a)v AdHEHe A7MHA(-dc, ac, HES
FaAd) AHUERS] w2 O EALS e
10 watte g A EA7IA FEH2HY] 71 04l
el AL BHAFEChH £33 900 G AEUE A7 ~de, ac,
H2AAE AAL S A3 BT nFgadeda
A9 kol Aol vehA] 8E HoE

OE 6b)e ThEgd A7tAAF AL A= E e w2 SO,
AAEHE JEld Aoz FEHAHYE 2 wattd] Y8
FAHANA N E SO.7F 100 [B]IAASE 714 £ 38

i)
>
&
rlo,

3
Y

o
X ’—'U H o

oroHN 2 R

stol| w2 HlEe™

Z2t=ote] SO2t COTtA HAHSEM

Trans. KIEE. Vol. 48C, No. 3, MAR, 1999

N
o
o
N
h3
Ho

o
R
L 0 9 (o oo

o rir
e~
Y
ot

R S 2D 287} e B o 5
sas % AN WELR RAMT AT wREeHz
shefurg el FAQ WA LEWS Fs A e A

bl @AY e gtuze) A4S
S A dovled fol3 AYAXNYE B

SOAAGAME A& dEe] P&o] ~dc, ac, F&F
A2 A ey 253G zAY Fao] A9
2 £g-g BoFd I2¥ 6(c0) OUd AAdH A4
=Wsle] W& COAAEAS veld Aoz 7 A 10
watt®] T THRYHHHUNA 0324, SOAALH vzt
ZHAR GEH2HYe] ol F £33 AAREE HAFYe
o E%J}?ﬂ%oﬂ o g CO?VH]H;@gE T E8E B
T} ~dco}t acH ol 23 CORAALEAME A A
?17}’\] 7194 2 [%lelulol 2% AAgeA e AAEo]
3 "9ojF& BEo £33 900 GO ALYE AN FE
BAHYY ~dcdde HE$ COMAEl o 20 [%]ol4 4
5 A& r o]l ko] WX JEIGE HojFoin
acHdy nFHHYLE SOAMAEAMAH A A sto)
Aol UYEtYA] ¥EE RAFEH

a9 7° O) = 1OLPME&8IS S W A 09 W3l
of wg Egt=ot wrgAxe F7M My e
FTIR Spectraﬁ VERH Rolth SOx= A7FAGT Oz9 9
3 F33 #AsD Jon COe ZAHEN dRE COR
HEsEE JE HAEY oJ4de A ngEaznd o
& O, TR A=) AT SO, COTFA Q] Ab3LAA
4% A g AA Fo

olo
L
=
o
2

N
8

0
A e

3

o N U ox
o

AR QA dedf), FEBAVY, TEFAL, acdYE 2
BESEo} WA QArkstel A W A9 o
Y WHEY SO, COZME AASAS v Axsigt

(1) SOz, COZtze} 27109 %E7 v A& E7} 271
T& IR URA G e dzatm dgto] ol
(2) d7tHsks AHEEe Frbd ua, Oy # SO,
COZt2el AAxELE AA E7lstx A& Es} 250 G
olslel M= ZHAE Q17HehA] 94te whet 2 olE n
32 oy AEHETUEIF 500 GolAtelH QA T}
SO., COZF2=YAARE R 20 [%]e1% ZA Z7 s
(3) it ?lﬂ%j%(-dc, ac, veR2AY, nFaAdY)
X}i“‘E‘*‘i}"ﬂ we O3 A3 SO, CO7t2e AAZS
23 A3 900 G A4S A7MA] -de, ac, &
12 AAY FEE A EodFY nFaA
A} Gl A Yelzx] ¢E&E RAF
Y FTUHEANA FEHF2HLol AT
SO> COZt22] A A 7b4 AoAe AL BoFr}
(4) FTIR spectra ¥4 Z3 NOY NOgi«J Hge Fg
Ozl sl ysliAe, d¥ = NOZE Wst=EY, HEH

£ rjz H_N rJ[o
E
iror.

219



BEF TN 48CH 3 1999%F 3R

282 GEHA7 FolMe HdAHY Frol o8 #&
A AAFGE FAAA FAt

[ LR |

1] EPA, “Supplement F to Compilation of Air Pollutant
Emission Factor”, Vol. 1., US EPA Office of Air
Quality Planning and Standards, Research Triangle
Park N.C., 1993.

[2] H. Akimoto, and N. Narita, “Distribution of SOj, NO«
and CO: emission from fuel consumption and
industrial activities in Asia with lo X 1lo resolution”,
Atmospheric. Environment., Vol. 28 pp. 213-225, 1994.

[3] NATO Advanced Research Workshop on Non-thermal
Plasma Techniques for Pollution Control, Cambridge
Univ., England UK., pp. 1-8, Sept. 21-25, 1992.

[4] M. Rea and K. Yan, Energization of Pulse Corona
Induced Chemical Processes, NATO ASI Series G34,
Part A, Non-thermal Plasma Techniques for Pollution
Control, pp. 191-204, 1993.

[5] Jae-Duk Moon, "High Efficiency Ozone Generation
Using a Pyramidally Embossed Rod-to-Cylinder
Electrode and a Pulse Corona Discharge”, Proceedings
of the Institute of Electrostatics Japan 16, 3, pp.
224-229, 1992.

[6] A. Chakrabarti, A. Mizuno, K. Shimizu, T. Matsuoka
and S. Furuta, "Gas Cleaning with Semi-Wet type
Plasma Reactor”, IEEE Transactions on Industry
Applications Vol. 31, No. 3, pp. 500-506, 1995.

[71 S. Masuda, S. Hosokawa, X-L Tu, K. Sakakibara, S.
Kitoh and S. Sakai, "Destruction of Gaseous
Pollutants by Surface-Induced Plasma Chemical
Process(SPCS)”, IEEE Transactions on Industry
Applications, Vol. 29, No. 4, pp. 781-786, 1993.

[8] S. Masuda, E. Kiss, "Investigation on Ceramic Made
Ozonizer of High Frequency Surface Discharge Type”,
Proceedings of Annual Meeting of The Institute of
Electrostatics Japan, pp. 106-109, 1983.

[9] S. K. Dhali and 1. Sardja, "Dielectric-barrier Discharge
from Processing of NOx/SOx”, Journal of Applied
Physics Vol. 69, pp. 6319-6324, 1991.

[10] T. Yamamoto, K. Ramanathan, P. A. Lawless, D. S.
Ensor, J. R. Newsome, N. Planks and G. H. Ramsey,
"Control of Volatile Organic Compounds by an AC
Energized Ferroelectric Pellet Reactor and Pulsed
Corona Reactor”, IEEE Transactions on Industry
Applications, Vol. 28, pp. 528-534, 1992.

{11] Jae-Duk Moon, Sang-Taek Geum and Mu-Sang Lee,
"Plasma Generation Using a Ferroelectric Ball
Discharge”, Proceedings of 1995
Annual Meeting of The Institute of Electrostatics
Japan, pp. 9-14, 1995.

[12] U. Kogelschatz, B. Eliasson and M. Hirth, "Ozone
Generation from Oxygen and Air ; Discharge

Int’'l Session,

220

Physics and Reaction Mechanisms”, 8th Ozone World
Congress, Zlrich, Switzerland, pp. 1-10, 1987.

[131 K Shimizu, "Gas Cleaning Utilizing Discharge
Plasma”, Ph.D Dissertation, Toyohashi Univ. of
Technology, Japan, pp. 141-149, 1996.

[14] Jen-Shih Chang, Phil A. Lawless and T. Yamamoto,”
Corona Discharge Processes” IEEE Transactions on
Plasma science. Vol. 19, No. 6 pp. 1152-1165, 1991.

[15] B. Eliasson and U. Kogelschatz, "Nonequilibrium

Chemical  Processing”, IEEE
Transactions on Plasma Science, Vol. 19, pp.
1063-1077, 1991.

{161 A. E. P. Heylen, PhD., DSc, and MILEE,
"Electrical Ionization and Breakdown of Gases in a
Crossed Magnetic Field.” IEE Proceedings. Vol. 127,
No. 4 pp. 221-244, 1980.

[17]1 M. Hara, J. Suehiro and T. Wakiyama, " Deflection
of Streamer Channels in High Magnetic Field”, IEEE
Transactions, Vol. 27, No. 6, pp. 1179-1185, 1992.

(18] o129, “BAdMd/tE7 ¥ F2AA QA7tg vy
A FepEvhrg AR 2 Falvtz AAEAT, A5G
P EAEhe =R 1998

Volume  plasma

o 2 EH(F R %)

19649 49 159 4. 1987d ABdstn
WrBen 2. 1008d 5 e A7
FHT FQ(FH) WA Ay 2

7 - AR AA BE AARS

3 & HEFE m F)
19699 7€ 29 AL 19949 ASdigta
A28 24 19969 ~AA F I
9 A7 et A

2 M d(x & =

194613 79 25948 19709 AEW Al =
A& £¢. 197759 T uiskd AzE s
3 Z2{(AA}). 19799 ~1982 AE FAH )
ekl A7) Fsky EA(Fuh. 1982~
1983\ d¥ SimonAl F7AW SAGTA
198613 ~1987d sl tt Western Ontrioth
A7) Feh 2 SEAAV|IATAE 2 Eue 19839 Y8F
H71e3] ste=ial 19909 ISESP Harry ] White Award.
19923 digrdr|ghs sted 4 19963 9Ehs] whdaAet
53] 7HAE 19983 @A AEY FEdETYE, dAEd

T &% dA FEY T AAA7EER as




