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Abstract-An experimental study has been performed to characterize fundamental aspects of
VOCs removal using non-thermal palsma technique. The removed VOCs in the present
study are toluene (CeéHsCHs), ethene (CzHs), propene (CsHs) which are typical air pollutants
generated from industty and automobile engines. The non-thermal plasma used in the
present experiments has been produced in a wire-cylinder reactor with pulsed corona or a
packed-bed reactor filled with ceramic bead. These differently generated non-thermal plasma
have been visualized with an intensified CCD. The images of non—-thermal plasma have been
used for optimal design of a corona reactor used in the present study. The experimental
results show that the removal efficiencies of VOCs with non-thermal plasma are dependant
on the reactivity of VOCs with OH, O, and Os. The results also show that the removal
efficiencies of VOCs decrease significantly when VOCs are treated with NO that is also
oxidized in the presence of OH, O, and Os.
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2z vld] g FYHQ AVIEHEE JRAE giE R ¢ AYEsA Y dojz e
1AY AC & il%i%} H2x AYL AL g VOCse 571 L2 A$ds BAA )
dojA e Aoz A¥AAs vyetudn Ag®. weld @A7A €82 non-thermal plasmas
T3 VOCsE Aests 34 VOCsY s %7 & W ppm o322 & ZASde ﬁ*ﬂ’\“] 4
o]z} 7] A}289, non-thermal plasma T3 ZBAAE Eol7]l 4dAE Bol AP AL
Al AAAH R wEd Fad HAE SAATE ¥do] By B AFdgME VOCS% AA
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2. non-thermal plasma A3

plasma: A7|FHo2 FAY A4 € FL AZAUAE JtEiA ZRHom ol
Az Y AHE e, A7H FAHAE 2] A& AU £ AvFdd 98 sHE o
2HE0] #¥(bulk motion, local motion)& ¥oZ 4 vt plasmas A7]F& gas TEE UFE
#oz & reduced fieldQ! E/n (E: electrical field intensity [kV/cm], n gas ¥ % [em™e2 =

A& s § de, gas molecule 9 Bld A7Fo] & AH$- (E/’n < )& #3¥ plsama?}il
L= ’S*q]’ﬂc’i A7NAZY A7) & AS-E 83 Y plasmadt Y231 gk, H3E plasma2)
AL JUAE 7= o] @ HAAE gasd FEVF ol YA FEo] BolA AAGd o @

oA JAE9 LFAUAI A FAYRlZ olFHol o] 2EJF ¥ I plasma
(thermal plasma) e} 7} %lq 3L Felzvle dE2E HY, ololz &4 A4E & 4 Uth
9 wHY plasma®l A$E gas X w& Ae] Zs o] % A9 mean free path7t
Q.L EEAIA L %"ﬂ‘ﬂ’qi vt e HAHol AR AHA EAHA ol LxE A ¥
E dald AxREe 2FdUA 7t #AA HE non-thermal plasma 47 €t Non-thennal
plasmad] AZE AZAHAA HASo FFEAR FEHA UE AT JAE FXT
E < glon ¥B5e WASH g diE sAE 999 ¥ AdF o2 JFATNY “’d-a:
Jd 4HAez HL quUANEE ¥ Y¥E TPY F o
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e 848 3=y gA@Nolgn 4232 e, o] B ootz BHoR oPHE AL
7] 98 H2A¥ X dielectric barrier® °]&¥ AC A8 2 o] &34 €.

Figure 1-(a) positive pulse 43 A&  Figure 1-(b) AC A% AM$ corona
corona

1Y 1€ non-thermal plasma$l streamer coronaZ® €A77l Y& needled] positive
pulse A8 (300 nsec pulse width)E U7tstn FAWe2Z FRE AMEE A5 (1-(),
needles] AC &A™ (60 Hz)E A7et3:, AR Yo AZo] 6 mm ceramic ballg &3 ¥&
AS (1-(b)E Hud Ao aYPdM B § gIRe] 7|€F ez BASHJYD FAHIL AE@
AC A S A LA XE coronad 2¥7F AA o2 FY§F non-thermal plasmas ¥& F Y&
Ag HAE & AU

o]9} o] AC Mo g%k Fetage] Yo T2 Y BAS A& & A Hol we &
A & AFdAE VOCs(toluene, prophylene )& AC ¥ oz AHdtn gled, H2AH e A
43t Rl A 2L VOCs AAES 43 k. A & dFdM= AC d¥ & A8 B
WA= 32y 9hA o] microdischargeol o BaZ o] AR A Z3 EF At wE7vdA
245 = AYE oscilloscope B &3 Hrisied o3de A dd. wEA H2@EFH AC
AYe FIY A 289 BAFFT w7l FUY AIA (specific energy [Whr/m’D ]
W7t AAZE Brisstd. oo wet A28 A8S wall-plugdllX AHAZ SR8 AsH|
AE & FE Jout, Age] WEgo A gy Je 2AAFX S AC ALAAN M=
g8 T FA e A8 Hore FFo £YPE Add Ao

3. VOCs AA WA=

VOCsE O, OH radical & 0s9 o3 35w, g VOCso] digh ol itst22
o) geugAsE oln & A Jut?. ojd we B dFdqME s E R W 53
& %4 93 non-thermal plasma ¥+&71914 VOCsE Hd o, A2 Fx2Q A4EE =
AR FE ¥ 23 FRoH, A4FFL 2 294 Aed # dv 4% S HAE
=Y #4E T F959%4%

B A3y g AFFAE fig. 29 Bed, agdA B F A%ol VOCs
(hydrocarbon) 2 NO gast ®¢7] g4F F& £749A F9lo] € & UEE dJon, F3F]
3 Nm’/hrl carrier gas®% AZF7|E FFSE air cylinderE AHS-3tQ ). carrier gasé] €%
g zA37] Y4HA gy 47 E5E AASn A0 EFE AUEE 39 JUssE
7 Ad 100 %ol ol2x zdg& 4d¥xPd #g wE3 Jdvh. VOCsY FEE gas

L



chromatography & °]-§-f5}°4 EAR}ALY, EE gasE o845 AFEAZE Y52 . B
APANA A4 AYPX = ratary spark gap F29 B2ALAR oy, JgAYLL 50 kVolx
Akl "V‘Q-’Fi Ado] ¢ ®o] wgrld FYUHL k. o4& £ 30, 40, 45 kV9] peak
AgaA wgrd F99 A7) AUAE & 4 252, 420, 476 W9 FdHo] FUdda J&&
digital oscilloscopeE S 9L AY-AFIHE Lo A F AU A7 A1E&d HA
ARARAA7]I= 50 nsecd] B2AYG AS5AIZHE YEMW Y, £& 500 nsec (FWHM) ATt
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Figure. 2 schematic of experiemntal apparatus
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Fig 3. C:Hs®l 9 A }& AAE 54

Figure 3& CoHsE W37 4F & &7 FUE B¢ CGHel AALES AAF Ao
2, 987 1T CGHE FUE A5 3t w7 ddA F2 dojyes W wd7] 9
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5o CHE FUF ASole ubgr] RN CHyel AAWwEo] dojd Aoz B 4 9u}
agoA B F 1K) FENEgo] Wk dojd B vl A dod AS At o)
ol CGHt AAHL 98 2 4 Atk o]= O 2 OH radical®} o] life-timeo] &< 838}
Fol CHsE AAs =Y & 988 ;} PA @on, life-timeo] 71 07t CHaEs AAFE=dH F
g 9488s & Aoz B £ g , & A¥823%+= O € OH radical® CHaoH9] 318 ulbe
A7t Oz0l vl&l ¢ Huld] o] & ‘3}% ElUr, radical recombination 59 A& F3 WA &
ASE g GHE AASE dde ZA 7198 YA Zdxn Y& 299Fn ot & @
< VOCs9 % 7hed viA g7t £ GHE AAR 4% 293¢ 3 ¥E VOCsY
AANE FUdF dEE ojFolYd & AT, B AgABaAsE VOCs9 AANA stehute A%
ko] 8% AHo] ol chemical mixing, A3 S 2= 88F 9 life-time T3 &L WFU}
FREES ANEFT Jd.

VOCs7t 434 o)A Bﬂ%% Bgole &3 NOxst &4 wi&sH, 53 dr]FdAE
VOCs7} NOx9] Ast# 3 & w2/ £33 Aoz ¢8A Jrth. old ma VOCse AAHA
oA NOx9 E€Ale AAY B9 BMM AE7A A71fgEetdE B 477 A gHo
gk ¥ AFAME CaHast NOZF A0l EAE 2$ CHyol AASAY & 498 s83
Y. Figure 45 CHsSt NO gasE FA AAYE 499 CGHTHE AAT 390 CHyol A
ALEE AANG Aoz aPdA B 4 %9 NO gasst GHE FAd AAS F$ CGHe A
Agol F3| WolAls AL & ¢ Utk olgt & AL NOS CHyb A=l =d B ¥ &
gFo]l B3t AL Yujsn Al“«} 3, CHsk = €8] NOE Cotisst Al Aag 3§
NO%HE A2ld A%d vlsl o & AAL] dehted? o GHot AASE FR44 2
A¥ HO; radicalo) NOZ :?ii’}’iil.?.ﬁ BN 7)) g d¥A A,

99 _e— WIO NO, [C,HJinit =280 ppm 1.9
g O with NO, [CHJinit= 345 ppm

~
~

Removal Rates of C.H,
R v
MW » Wt o

0.0 & ¥ v —— v 0.0

Applied Voltage (kV)

Figure 4. NO7t &A% 7249 CHy AAE& 54
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B AF A= non-thermal plasmaE ©]83l9 VOCsE AAES w9 5L Ao
o, B3] AAwNSY A2 9 Ha AEFFAAE YA 5 s AC ZHLARH ] 5P
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AHERY. B Adds wAAert € CHLE A A9 FEFHoZ F9de 4sAe
99lE O ¥ OH radicalEt} W45 2 0398 & 5 Y. FH, ceramic ballS HA
Fol ¥31 AC AL FFY 4§ 2A™Hd RA &L streamer corona?t Y ¢ &2
ICCD cameraZ &% F 2len, VOCs9 AARTE H2AH v XA 453 &
ANt
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