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Abstract

A plate-type dielectric barrier discharge (DBD) reactor was designed and tested for removal of gaseous toluene.
The DBD reactor consisted of 9 parallel plate electrodes, four of which were grounded. An AC voltage of rectan-
gular waveform (5~8.5kV, 60~ 1,000 Hz), was applied to the other five electrodes. The gaseous toluene passed
through the DBD reactor and its concentration was measured by a real-time gas analyzer. The carbon monoxide
(CO) and carbon dioxide (CO,) which were produced by decomposition of toluene in the DBD reactor, were
sampled and analyzed by a micro gas chromatography. The maximum toluene removal efficiency was 51.4%.

Key words : Dielectric barrier discharge, Toluene, Plate type electrode

1. A =

7] 39 A £7133HE (VOC: volatile organ-
ic compound)&- Aol <toigre 31 F3bE Axm
T} 2EE WS AABAY) dEel olF A
Astr) 1% wde Aoz AEdom) @
2 ol4i7t HA 3ith VOC A ASE sl dubye
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2. &% (adsorption), 1) (catalyst) WH-%-, A2Zgh=
u}(nonthermal plasma) 7]&o] AREE 32 et (A=
3} Aol ¥, 2008; A3 5, 2006). o] F A--Fek=
o} Alge FAAG S0 A4 AEs sl Su
o) Wl olm WA} flo] ddHew Ag
hsg Aol ATk ALBekze} sl 32| shiz
G214 wjglo] ukA (DBD: dielectric barrier discharge)
2 94 744 "olAgle FAAR el =AA
Fol @F, L A (pulse)d nAYE AvletA
b hel (Falkenstein, 1998). Fgte] 17FEwH A=
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FHE A e FRA wigelz AT A&
(build-upyEAtez #eQd A7} g ol vhe
A AFE Apolell @ 49 mlolzig whde] 3
¥} wholzz S PAET gl eE A}
Eoll A3} A= Abelg FH3te VA= g 84
Z 9 o] skAsz Es5t) (Abdel-Salam ef al,
2003; Mizuno, 2000; o|5FAF % 1995). DBD¥ #x}
dzg} Al 2)7} E7] dj&ef o] Qla] AE
Bk 84F 2 old Ul B oolet 2
olf-2 DBDE o] &3 spafsfol] Hgt B2 o
FEe] APHt. A F(2004)2 {3)7t2al
CH,Z DBD WAL o|438jA A7l 978 49
3t} Yamamoto et al. (2004)2 DBD B}2-7]8 9]
438)A NO B AA sk A%E 9395, Higashi
eral.(1992)& DBDZ el v]2 7}xo] L35
o} 9l& NQ,, CO,, SO, 59 Fal7txel soot 59
UAE B9 AzE Alzslgel. Yamamoto ef al.
(2000)2- DBDS} 343t wh-718 28 AHE3le] NO,,
SO, & A7l 935 $308)41 3 Guo et al. (2006)
< DBD#} &9iE Al83le] BRI AAE o
72 43)35hgch Rosocha er al. (1994)= VOC A7
o L3 dF2 SHIslelen, Lu er al (2006)2-
DBD vhg-7]e] MnO,%} TiO, & 74 At43le] wilAl
(benzeney& A= A4F S AAS- 5
(2002)& DBD uhg-719] -£3lx7]el e B2 &
A5l At AFE Sl

o5 AFolr A% DBD AFE F=z I}z
g}ol o] (wireyt & (rod), ¥IH-E G2 (plate) o]}
A" (cylinden) 2 FA5 o] et olg} g A4
sholofu} B3} Zho] Aoz WA o] 24L& AFE
F402 Ao HAHA ok ajepr] glejef} B
o M= gahukgo]l Bl dolvkxul wttel
v Ay el ubd "o} Aol sishikgo
Aoz gdstA] oA = dArkad] HE &
£ 7rAaE JMAHA FHoh o] & M) Yl F
Lol w3z A #dg vbd g4 gle)
ASS B9 H 3 (plate to plate) 0.2 FAIsE= v}

+ A3t v P9 3oz 7AE DBD
o 7% 4@ “‘J'A’*%‘L M B Y kg
4 U dHeke] gfolo] mx =

¢

8 4% AFes 247 DRDA WA @)
Beel Aoz we f3& Asie Aol s

of

dEd7igAEER) A248 A63

stk dbAf 52005 Hod] P9 A5es 74
¥ DBDE o43M A5 wiE 297kxd sox,
soot, CO A7}l 3} 3-8 Ssislglw, HA %
(2004)& DBD/Zx A|2Ele o] 8sle] Halzt N
Aztel gk A5 FPset

VOCYE DBD 8H37] WoA] 37, 8 §9 &
#z A= 0,0, OH: 22 ¥k gAE g ol
Sofl s AkzE ] AAHL AL g3 72
o] tehath (A9 %, 1999).

0O+V0OCs = CO,+H,O+byproducts (@8]

OH+V0OCs —CO,+H,0+byproducts (2)

0;+VOCs - CO,+H,0O+byproducts 3)

X +VOCs —CO,+H,0+byproducts 4)

e+0,+V0Cs — CO,+H,0+byproducts &)}
A X goled iR et A4S o
o} vOoCe dz= B2 &£ 6’]—1/]"3] E=del A
DBD W3 A] Ak3td 74 §] ub-gAlel ‘I}E} 34&

Moz vhgs 7o) ekl 4 m
C4H,CH;+90,— 7C0,+4H,0 (6)

ety Efde] ABEYE A EBFD Fx9
7ol sl CO7E AAHA "t

B diede gay A5 9oz 4 F
g 7x= ¥ DBD #3718 o] &3t Hddt &%
z27A EFdE ARse AdE AT &
Fall#t CO,CO, H4E F3A o) H7sisie

2. AE YUY

2 1o vehdoh APAA
DBD 48717} AXE H7l JEe BFalE A

28 Fgdle A2 Ayt el vyl
ol @ GAkEEEA (COYS} oAb REA(CO,) T2
238l Aados TAHS JEHr HEE
DHA 40 emX40cm, Zol 1me HGER R
DBD Ao 2 FAY shea}A| (cartridge)”} $9}o))
Arelg gelz Feoig)c} DBD AL 0.03 mm T4
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Fig. 1. Experimental setup.

(ALO;) 53 Afolsl] 418 F2 5] 9lch DBD
AFe 2 A9 FA 114 Smmz 977} s
= Hz5o} DBD 4% sleeiAg 74 ol
& WEes FeEute] 7 o] (depth)x 5 mmo|w
AA W o] dojuj= F3te) It} DBDe)| <l
= Ak AC Ao} (rectangular wave form)& 5~
8.5 kV (RMS voltage), 60~ 1,000 Hze] W jojA] <l
7¥eksicth. 1 2= DBDe) Ql7}E= Agk F34
o W@ H72 epioieh DBDS] QrbEE AL
o) dheh e d¥Ae 2718 welon Fuart
F7H S AR 92 sl ol Fukgs 27t
o whet k) A WAdeE Zrlele] AR o
Al F7H7] W F-olck. DBDS| <l7hEE= Ajks}t A

# 24 BAA ol & BAFEE L Ao od
A2 4 e
Nin=l/(eZEA) %)
Nigp2 34 Al AR o] &9 2= [ ubdA &
22X AF, e 7| 2A sl (elemental charge), Z% o)

29] A7)1A o]% %= (electrical ion mobility) 2. 1.6 %
1074 m¥V - s2 7139l om (Hinds, 1999), E= A
717ke] A7), A WA ) | vepdct Ak
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Fig. 2. I-V characteristics of DBD.
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Table 1. lon generation with electrical operation condition of DBD.

Ton generation (ions/cm®)

Voltage Frequency (Hz)
kV) 60 120 200 400 600 800 1000
5.0 1.343 x 10° 2.441x 10° 4.639 x 10° 6.714 x 10° 1.025 x 10'° 1.343 x 10'° 1.733 x 10'°
5.5 1.443 x 10° 2.552 % 10° 4.661 x 10° 6.769 x 10° 1.021 x 10'° 1.354 x 10%° 1.742 x 10'°
6.0 1.526 x 10° 2.848 x 10° 4.883x 10° 7.019 x 10° 1.068 x 10'° 1.394 x 10'° 1.831x 10
6.5 1.596 x 10° 3.287 x 10° 5.352x 10° 7.512 % 10° 1.127 x 10'° 1.615 x 10'° 2.019 x 10"
70 1.744 x 10° 3.575x 10° 5.580 x 10° 8.283 x 10° 1.247 x 10'° 1.787 x 10" 2.093 x 10'°
7.5 1.953 x 10° 3.825x 10° 6.185 x 10° 8.952x 10° 1.318 x 10'° 1.888 x 10'° 2.344 x 101
8.0 2.289 % 10° 4.044 x 10° 6.714 x 10° 1.007 x 10'° 1.488 x 10'° 2.045 % 10'° 2.632 x 10'°
8.5 2.657 % 10° 4.165x 10° 7.611 % 10° 1.178 x 10'° 1.759 x 10'° 2.327 % 10'° 2.908 x 10'°
FHE AAFHLS 1~5LPMe] H=s =g 50 -
= DBD WHA T7tel Ao A FAIZFE 0.096~0.48% n
2 W$)7k HA0e £4¢ 9134 DBD AT vh=g 40+
A ¥ 15Sem®eldl Yo 48 zEg AAs [
L =3
o ARt HE R e WEY T S U= T 0
. N N =] o
5 Aot AL w344, CO,CO, Ml 7HA] 7hxe] N
delA oleoigich wstpas] 2L slaryr) §o0-f
(Greenline 9000, Eurotron Instruments S.p.A.)E ©]-& = _
33 CO, CO,9) 242 AEF N o83l A 10~ o 100015
47 HE W1 3U1E AFH} T 47 s = - —0— 800Hz
iu]_E—,q}_‘—j_] (3000 Micro GC, Agllent)i %éﬂi}ﬁ 0 'l Lodok i Loddod ; Ldondk ; fdidod ; LY O |
o AR HFLE 225°C, FRAYEE 50%2) A W00 Te R0 0
Voltage (kV)

W F3tel A AP

3. #d3 o E9f

3.1 DBDRI7} H¥o| T2 EFU HLE

DBD #1879 AY, F34 270 wet BRa
AREEE Yoluslsh EFAY ARRES e
CERSEI L

Tholuene = 1- Con/coff (8)

Nolwenes BTN AAEES vepliy, C,. Co
£ DBD?| 7b5 f-7o @2 Efd =8 el
. 37 3¢l DBDe| QI7}gh Zgloll whE g
7} &-8-8 el gtk DBDe) 800, 1,000 Hze) 3=
T 27 A 5.0~8.5kV 99 Ak sl
o A7 9E YRe FFEE A4 f9 1
LPM, 73 EF929 =%+ 100 ppme]gt 5.0

) 7137333 %) A 24 A 65

Fig. 3. Mioiene With voltage (100 ppm, 1 LPM).

kVellA] B5al A7ra$-2 800 HzollA 7.4%, 1,000
Hzel| A 9.5%%3 21} #Hgte] Z7igtell wel EFal
ARELEE 2718t 85kV A v} 36.9%, 1,000 Hz
o o} 46.2% % Z7}slgc

Fage] M 59 AaEE 19 44 Yer
W=k DBDe)| Q17bs]= Ak 7.5,85kVE T4 H
Zk Abske A 60~1,000 HzS] 9l EF<l Az
&S etk 9 Re IFEE A4 5%
< 1LPMe]glen, EF4 %7|% % 100 ppmol] ©f
A ARE FR3AS 60Hzol M9 EFA AR

2 7.5kVA] 2.6%, 8.5kVolXE: 4.7%% el
o Fapprt gobilel wet Zr1gc Akl whE
E7A Azagst s AFAQ] FIHE 2o
w] 1,000 Hzol A= 7.5kVe] 7oA 28.0%, 8.5kV
o] 27X 46.2%2 EFA MaEE Byl F
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Fig. 5. Nioiuene With power (100 ppm, 1 LPM).
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o} ol A (7)ol vk nie} 2ol AHe) Frte]
gt o]0 g ZrlEA He ol weE B3R
A Aztag AA Zr)siA "ok

DBDel| Q17ks= At F34=¢] 271+ DBDd
A7t Ao Ftz olojzivh wEkr e A
g, FIhpel] wE B9 A7tE-&S DBDe) 7t

= Aol A M7rEag= Vel £ gloh a9
5 AErt HER YRE FHEE A4 skl
1LPM, 8912 27%= 100 ppmsl Z7 A2
DBD 7Fd =l W3t Bl Atag A3 A

A wiele] WA WIS o) 4% BFA A% BH 645
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Fig. 6. Miowene With initial toluene concetration (1,000 Hz,

1LPM).
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E79l A7t &8-S A3A F7HE Relw DBD
o Q7bEE o] 1W 71 & w, %9 M7ta
&2 o 1.3% 715k o eyt

3.2

Sk ¥ MR OE EFA XA

Jm P
0 N

DBDd| Q71+ AY 27 Y= 27%5%, A
2] fr3l A= @fﬂg Sslgom Ay o
+3 2k 27ls s 2706 W BR9 AZEES
a9 60 “eplth BFAe 27]FxE 50, 100,
150, 200 ppm®] 7390l fsiA] DBDe) <l7b= = A
afe] 7.5kVe} 8.5kV, a4t 1,000 Hz2 TAH
Z71eA AL FPsiolon Aedrt HE Wt
2 ZFEE AA §3L 1LPMo|glc) 7.5kvVe] =
7oAl 27)%% = S0ppme| &7 AMAEE2 335
%2 vehgor 2715wrt F74gl we Azta

& Zhaste] 200 ppm) 2715 EAME 26.1%2
ebge 8.5kV 24 50 ppme] 27)% 5
el 51.5%2] E79 AFasE ehls 7.5k
ZANAM Q) At} nparlx 2 2757} ol
= B39 ApEg&s Frasted 200 ppmel| A 41.3%
2 Yehit} 8.5kVel A 7.5kVe|Ae] At} u)

FHA 15~ 18% %& B9 AZETS dehie
Ao ggel o B AETe 19 76 o
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ellc}. DBD¢]| el7}E= ke 1,000 Hzo|A] 7.5
kV,8.5kVe] F 7}A] A48 Q7isle] APE 53
S, B9l &7P=E—L— 7 frgell A mF
100 ppmoz2 7A3le] FF34ch 1 LPM] A
DBD whg-7] W52 whA 77k Ao A FA 7P°l
0.4820]m 5LPMejA = 0.09627} ). 7.5kV =
e XE 1LPM 35 Alell 29%9] %< Mztas
< Yehdln, ARl Tolddl wet xtase
ZHaste] SLPM 3 Al 15.7%9] &&& vehioh
8.5kV 27| M= 7.5kV 22 RT} 12~17%4 % &
Eo| F7BIAAIRE M2 fgel Sl wet A7
Ego) ash= A 75kV 2AMY] Ao}
vl el

3 EFd 2ol uE CO, CO, WM EA
26| BF9 A7te] W CO, CO,9) WAk

e
<
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Fig. 7. Nioiwene With flow rate (1,000 Hz, 100 ppm).
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AAg Aagdeh AsH7t HEZ 1 LPMo]
I35 =HA DBD= 1,000Hz, 8.5kve] g}
A7HE G 275 %0 718 5 CO, CO,9
—&3‘%}% 7Bl ot CO,9 ol 28 Ao AT
of A& gz veld CO, e A 275 =
7t Z71 48 Fhasle AgE Hela it o
t 271%% 7t vet BFQ AFage] 3pas)
7] Wl Vet Az Bevh R4 Azass
MM e 7Y ckez CO, RS 45
st ovt A zpol7t elyte. o]y &5l
AZEEL] EFAd AR AZ7)e} CO, COo, AZ
of AR A9 EHApge]l M2 d23, EFd
A% A AT 2319} CO, CO, AlS Al WA 24
Zke] e A}Ee] fJsA vehd Adz A4 = 2
of) Vel upe}l Zo] BFAl ALEESY A 5%
9] 2ap7} sdglen, COost CO, 34719 A% 247
+1ppm, £100 ppm?] @A} 31} o5& 19
b AxEe SAAT Apeld] Aol FolE
Ao AZbge

o,

3.4 EFd 2&Ms HR

2 A7) AL8¥ DBD u}iy]sq Ae 4
T2} vladte] v A w2 2 vehii gl
Sk 71 A S vaddEs = 34 Al
At 71E AFA7e) 25 Guo er al. (2006)2] 7
+ HEE7) W Rl A TR} A FAIR o] 2721 27
AAM Hd 62%9] T&E B9 e Delagrange ef al.
(2006)2} Magureanu et al. (2005)2] Q7R A=
T2~ 1022 AFAZLAA 22 Hd 2&e] 67%,
25%2 vERteh 1ev 2 Ao 0.5& o))
2] 2 b7 WRelM e AFAI = Esla

71& o

Table 2. CO, CO, conversion from toluene (1,000 Hz, 8.5 kV, 1 LPM).

Initial *CO,

Co, Co

. d *CO . . CO+CO ‘CO
00 2 2 >
concentration  Miojuene X 1 gene}'atlon generation concentration concentrgtlon (measurement,  conversion
of toluene (%) (maximum, (ppm) (measurement, generation ppm) rate (%)

(ppm) ppm) ep ppm) (ppm)

50 48.2~53.7 350 168.7~188.0 230100 46+1 276 65.7

100 441~50.0 700 308.7~350.0 4204100 112+1 532 60.0

150 39.2~470 1050 411.6~493.5 590+100 190+1 780 56.2

200 39.7~44.0 1400 555.8~616.0 6004100 3081 908 42.9

*CO, generation=initial concentration of toluene X 7
°CO, generation=initial concentration of toluene X Nyyene X 7

“CO, conversion rate={CO, concentration/(initial concentration of toluene X 7)} x 100

YFH ) BAGIA A 247 A 6%
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Table 3. Comparison of toluene removal.

Contents coni:;lqttif;: tion Flow rate Residence time Power/Flow rate Thtoluene Neoluene/POWer
W
(ppm) (LPM) (sec) /L) (%) (g/W)
0.096~0.48
~ ~ 259 ~2064 15~51 142~179
Our study 50~200 1~5 Y+2.88~ 14.4) 59
Guo et al. (2006) 50 0.1 27 200~750 20~62 10.2~12.4
Delagrange et al. (2006) 240 0.315 more than 10 172 36 12.4
Magureanu e al. (2005) 560 0.05~0.15 221~6.36 900 ~2700 5~25 6.3~123

*residence time from DBD reactor to sampling port

o 51%2] &8-2 vehioh Delagrange ef al. (2006)
9} Magureanu et al. (2005)8] 7% Zal=n} 9w
SFE 7o) A4 Lol BFsly 2 A7A}Y
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