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Decomposition of Volatile Organic Compounds and Power Delivery
in AC Dielectric Barrier Discharge Process

Young-Sun Mok, Ho-Won Lee and Young-Jin Hyun

Department of Chemical Engineering and Clean Technology, Cheju National University.
Jeju-Do, 6%)-756, Korea

Dielectric barrier discharge reactor packed with glass beads or scoria was utilized for the decomposition of
volatile organic compounds including benzene, toluene, trichloroethylene. n-butanol and chloroform. Glass beads
of 4 to 6 mm in diameter and scoria of 4.75-6.7 mm were used as the dielectric packing materials. The effects
of the dielectric packing materials. the gas composition. the applied voltage, and the polarity of the voltage on
the decomposition and the power delivery were examined. Filling of the dielectric materials such as glass beads
and scoria in the reactor gave rise to the increase in the decomposition of the organic compounds and the
discharge power. In spite of the adsorption capability. the scoria showed similar decomposition performance to
the glass beads, which indicates that the adsorption capability does not significantly affect the decomposition in
steady state condition. In the absence of the dielectric packing material, higher voltage was required to
decompose the organic compounds. The gas composition did not largely influence the decomposition efficiency of
the organic compounds. When the AC voltage was rectified to positive or negative half-wave, the discharge
power and the decomposition efficiency greatly decreased. The power transfer efficiency from the wall plug to the
reactor was found to be a strong function of the applied voltage. and a weak function of the gas composition.
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VOCs)e Astnxste d77F #d3 J¥sHn

ME Atk (Yamamoto et al. 1996: Yan et al. 1998:

Tamon et al. 1998: Oda et al. 1996: Futamura et

H2 5o, AL E2t=rl FA (non-thermal plasma al. 1998 & 2001: Mok et al. 2001). 3 ¥A

process) Ex Zoj7]&g A} A2 Ze=za 33 (dielectric barrier discharge, DBD)& B2 32y
(catalyst-hybrid non-thermal plasma process) & AR wA (pulsed corona discharge)® #¥A AL Zegl=
st ¥4 371888 (volatile organic compounds, tl JHE BE & 4 U YA YHozH,
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2gdMH-0%

FFSHE A7AURAE 1-10 eV 712 oA A
A8 BYsted AH8ED (Snyder and Anderson,
1998). W#g7loiA B8 oA ARE 7HAF9
A AL FE FI FEIY 9 F7Y 2
Z (0, OH. N3 o} (0, 0", N". N.")& 44
30, olgg FHFEL AU EH Bgdo §
718Eol 2AHRE P} (Kohno et al. 1998:
Snyder and Anderson, 1998: Ogata et al. 1999). ¥
gholyz}, Iy A] Az {713 RERY JPAY
BASE FA2 £AU9 %A Ye RAIE @
o} (Ogata et al. 1999).

F8 95t AL FTy=zu) B3rgolA 25
v ARS8 REY dFE2 dugging ol
Rgrs AEEY, dRE AR @3sd Yy
WasHye ez BaHR Qg (Oda et al. 199:
Futamura et al. 1998: Ogata et al., 1999). 8a7}A)
g HER7188E] Baod F34 ¥ 23
g HEd 2 Al P4 BN 9@ A7 A
g5o] A7l s, ol 2HAY FZoln, KA
A S ATYRVISREY Aojoh AMFe
2 837] AAME g7 9 3 seuH, pAz
A, f7188EE duz) 223 5o dg 2o g
< A7 e

#34 4d PN FAHE Fo Aeuige A
717 471 9 g3 Bt $AAY 9 A9upag,
FHAUA div] LY ER APag AYY 24 §
oltt. £, FHM &Y 7|9} oA 712 By
3 Y42 B89 ARy AYL WY £
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rie
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L

geEz §3M A d¥e & F UG (Ogata
et al, 1999). 25t #713HE RAE A oY
A 582 AV184FEY] EAFE 9 WA, staz
4 R AAA AP FFYE F A& + A
(Choi et al. 2000). & @79 32 {718¥ &9
BATZE 94 W34, #3M 389 B2y 54
(27] 9 EAY), Jod F2v)E, f3dg A
9 F4gol R718ES ¥ A AP A 0¥
© 9¥E FFFse= Aok

A8 X % Uy

2 A7 A8 B8AXE Fig 13 2o 3
Zznt Bg7le fAM F30] golsiEE AAd
dez Az=At F2F (Pyrex)d) WA 2 943
< ZZ 258 mm, 302 mmolx, RATY FHAE
Agol 91 mmY FEEo] FEsT U} WA,
72 BAAd feEEe UE ZaAR 9 Azs 835
mmoltt. f2@9 HE AFrly II2 FMH4A
Qow Aoy ¥TY2 7 4 do|, & §a5 W
€71 Fol: 416 mmelth. 2F (AC) A (60
Hz)2 F49 T Bol Q7idn ¢2oEy ¥y
HAH0 Ak Fehzel wgrl9 FAAloldE 1.0
¢F 29A471 42 AFS 0] glen, o] ZdAd
FAE AsE F3Psto Eg=ul wgrd T
BFAY (FAAY)o] A" wgrE 4o ¥
= #8 & (Sigmund Lindner, Germany)2 23

Aluminum foil
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)

416 mm

Fig. 1. Schematic of the dielectric barrier discharge reactor.
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IR FEA U SO 23 Hed

5o} k. ol 277t FYSA Fen 47567
mm BHeln, $aATEL 4 mm, 5 mm, 6 mm Al
2 AgaAnt. $ole Fo J¥o R
Aggtoln], MLeolEY FAF AFH Y& 7t
AR ek
APolH FLHF7IRPER HPE AL 2=
g, Yug A4 g7 EZzRAdARe
o, 32 EFAL Uidoz 9L £PYG 49
o AH8E 2A 2% st2d Fa 482 A4 (N2
g} A2 (Op)0lX, o9 FFE FFAZ 2AHA
o AR g7t EY R 37I9E &Y
g3 o] 2AHAL) AE B, BN B
6.4 °ColA 1.333 kPa2l 7t4E Uehll=dl, 5
o] 50| gE WA ZPAIE 64 °CY 4FF 2=
2 /FAHR Qe 3T g5z 27 2 =
A oja Eage] AAE FAAE Fre o] &
Eofd ERAoz yidc A4 {FS FIFZ
AZA (mass flow controller: Model 1179, MKS
Instruments, Inc.)od 9] ZAHAT & AFAA &
BA E@7b29 2 §38 20 L/minE 23850
AAR7IRREY = FPAE J1A ARFE
A AEEAT FA A3 "G FHAE
1000:1 1A} =zH (high voltage probe: PVM-4,
North Star Research, Inc.)7} AMESHA:, Fepzw}f
w79l Az Aleldf de 10 gF WA 499
AL #FHvuzh 10:190 AY Z2H  (Tektronix
P6139A) & AHEStH T A HE (voltage waveform)
o &3 9 dojg AP AEE dAY 4223
X &= TektronixAte] TDS 303201%ic} if 2AY 2
A9 g4 AP JAL HYZHA (Yokogawa
WT200) 8 AHg3to] §35 AR, B 33 AYL &
Zol wg7le] 3P AFH 1.0 #F TAAMY A3
FE ZFY o3 & AU

d= o ng
1. Motups 9l whM e
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Fig. 2. Voltage waveform measured at the copper
rod in the dielectric barrier discharge
reactor packed with scoria (Input voltage:
19 V).
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Fig. 3. Charge-voltage plot corresponding te Fig. 2
(Input voltage: 190V).
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Zul w37l FAAZ FANEL o, EFg=ep g
7ok <A7ke mASH H¥FH AsH-AYLE  (charge-
voltage plot) & el I { At ¢AFAY ¢
g AL 190 VAL, A A Aol Ao
Ae ALY HE82 ARE P9 RAH  (sine
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FHM-0zH-HAH

wave)olul, Fig. 29} & 27 ¥ ¥ A
BFL FAo] MAHY wrgrle} Aol FFHR
N&E Vel Fig 39 A-AYEAA 71293
29 HAEY WAL 2F & F7) (cycle) B
g7l AFHAGIE LRHE Azl HFH0,
o7l IF (AC) AYY FH4 (frequency)) 60
HzE F3td g7 $AaRYo] do). 99 FPApEY
HEE ANste] FAAYEE Adse Yo o
3 22 FYo] 2 BuHo] At} (Rosocha et
al., 1993: Mok et al., 2002):

4~ Ca _
P=4/Ci 35 Vil Vo= V) (D

A71A, f= ALY FH4 (60 Hz), G} G 4
S84 71 (gas gap)d ARAEX (F), 282
Vist Vo 47 714 98 /fAIASL (gas discharge
ignition voltage, volt)® MM} (peak voltage, volt)
ojc}.

Fig. 314 HAAPAR 9] slope 1% slope 2= 4%
1/Ca (Co+ Co)/CaCeo e M2 (Ag%)
o] A (intercept)2 714 H3 AAAGA AZH
o (Mok et al, 2002). @eld, 4 (1) o) #E
€ 7HAZ 4A ALY & Aok  AFAME B
APy B g v 4A Fa7] g4 2Rz 2
2% HIAAYEY AF S AA ALE o &3y
F3A71E S, HIAAEY WYL Ty
Ad 99 F 1A $P L 5%0lug F2 YAE B
o FAck Fig. 314 & F713 S48 Za=n} vl
714 AgE Uz FF PAAYL 27 46
mJ% 26.76 W Rog byt

2. wI|2EE| BoHE AT oK AmEt

Fig. 4= o] 714 L4 R715%8e) dsf AY
o 2Hag FAE Jud Hojok wgr)o] 2
g 38 47 5 mm |ATFE0)UeH, £
3 AR F2 200 %(v/v)oldeh PN BE vl
g ol R712AWEY EATFzA we} Badsd
3@ Aol7t ved, o] AR GV EYEE T
#zol FeolA LA e I FHESHY v

Aol ztolz} Qi7] d ot EF Bl Aol
AL EAFZ gt daez o Aol 4R
Ago] 9% FA €ch Table 12 g3 #4F
% #718EY WgEEE 2P Ao
(NIST Chemical Reaction Kinetics Database, 2001).
2 dFoM e Fi9 Hang WG Jf2z ALgE
o OH% H Az wigd #FdsA ¢gon, (O,
O N# 71e} Fol2, §o]2o] Hfutgd FAY
T AR olFAA 53] Fad AL &9 wg
A, of olf& TdE FHEEH g 2&2 F
Fol - 7 g¥ol7] s Zojth Table 1914 & 5

ol 2EH wg&Tr} A2 §IH3REE0) B
o B2 HYL AdEla Bt 2 P94 gege @
& Qlth

1.0
® chloroform
O benzene
[0 :) v n-butanol
v trichloroethylene
B toluene
—— best fitting
0.6 1
0.4
0.2 4
0.0 T & T T
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PIQ (/L)

Fig. 4. Effect of energy density on the decomposition
of various organic compounds.
(toluene: 300 ppm. n-butanol: 8 ppm: benzene:
90 pom chloroform’ 1950 ppm trichloroethylene:
650 ppm).

F713REY EAEES BATZAE A g%
€ Ped, BEF Fo: HANI9 gi-vgr
dgo] FYEA (resonance hybrid)o} o5 oS <t
oo BYHEET gl Yol szt 4
WAz P} (Mok et al, 2001). &71A #7}=]
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Table 1. Reaction rate constants of various organic compounds with radicals (in cm*/mol s)

Organioc compounds OH 0 O3 N H
Chloroform 5.88% 10" 6.82x 10" 1.81x10* 6.03x10 204x10°
Benzene 7.15x10" 1.84x10" 1.04 x 10° 400x 10’ 6.29%10"
Toluene 3.31x10% 459%10" 2.34x10° Not Known 5.11x10"
n-butanol 6.50%10* 7.14x10" Not Known Not Known Not Known
Tri-chloroethylene 1.34 x 10" 5.90%10" 3.01x10 1.60x 10" 627 x10"

Table 2. Energy requirement for the removal of one molecule of pollutant

Pollutant ke (Ls"'W™) Er (60%). eV/molecule Er (90%). eV/molecule
Aceton 579%10™ 3342 5611
Benzene 2.00x 10 967 1624
CClL 1.72%10° 1125 1889
Chlorobenzene 571x10° 339 569
Ethane 1.38x10* 14020 23540
Ethylene 265%10 73 123
Isopropanol 3.46x10° 559 939
Methanol 4.88x10° 396 666
o-xylene 594 %10 326 547
Pentane 541x10 358 600
Propylene 586%10* B 5%
Styrene 8.85% 10 2 37
Toluene 371x10” 521 876
TCE 6.25%10™ 3l 52

A

@ AL TS BYEole sy g A9

=
Fzol AW Qe A, B A9AHe Aol

dojuiA ok e Q2 49PN EIRE
AgAo] sriBEHe] WgYol 2 AN FR

Fig. 408 Jehd vio} Zo] A FLFAME o
WALE F7le] @ RHFHY 71&717t e
gotaiia, @ gAEA dede A& & 5 A
oetA, Fig. 41 vehd 234A4Y, EFARG WA
2371 o ook shAAR @Rt E ASEREA
J 22IEE WEE AgEs Fol Bt 2 &
o 718 BTz AWt A€ 9 A7t 2 H
E olft fuzF Wwgdd Ao Aol €
AR AYeldA Wz 498 + Yo A
9| wgAol ANAY A@yo osf ARG Y
oAUA7t Zold o Zekzst wgrleA £s7t 2

o] Fo} B#f7} 4o} Krasnoperov § (1997) 9
33, a2 73 A fUIsRERA vt ol
2 oajg Aoz KA Yed, HEFEAA F
22¥E 2Ego vEY T AL AVSHEL
28 daz APo] HUXL, FF0] W 2EHY ¥E
Aol g {71838 vl# e 27] Aol
ks 259 ALYFNAREA I LAY R £
g 2% Ed ol LYEZE AAA=H 8
B x| 2222 Table 201 A2t} (Penetrante
et al. 1996: Krasnoperov et al, 1997: Mok et al.,
2001 & 2002: Song et al., 2000). 71A oA 4

- 115 -



SR,
2P 29EY 1848 AANIEY Bad oy
A2 FA=tk. Er (60%)% B (%) 242 A
AR 60 %% N %E AZFo2 ALY qiALE
#E Avistol. B (90%)3 Er (0%)2Y 2 g
Ze ot AALS F/HE we AALEE
B7HI71717 & 7] shZolch (Mok et al. 2001).
Table 2o 2w 2@EF HHFH Fxol we}
AANINED BRE AALTB] B Aol E U
B ¢ 4 Aed, o) WYL HPEokG A
FYAUAZ} e, E@ F2 (0. N, 0y 5)%9)
W4l 3o} Ao\t g7l WRolch Fehzuh B
RN 29EAY AAr F2 Adzse we
¥ AAge 38 gd Yojumz, HYEe 2w
Aux % Aoz wgge we Yo 33
A 9¥E ©lAtk Table 204 oAUA a7 2
BYES =¥ BYFEHY w8yl WA, AP
WAzt Ze A0 2AA g AEIT

Fig. 5= o8 712 $AAE w87 248
9 48 A3 g AP FAE v &
Ay SIVER AR AL 40 mmAA 60 mm9
7<% 47567 mmo) $olAtk 4060 mmd &
2 7€ 3139 9 dojd PAARH L o9
A1 g vehlldoy, 21 E0] e o9
AAYL 23 Wt o] ARE AN 37E9)
oAREE BERHoR RS, A9 ANy
A=E F/MNFAeZA AFA0) A AFE A
FaAF7] 42 Aoz A" Fig 59 Ao
ogsta FHEY YF wE dge A g2
A FiA W2 Y¥E 2 ol YehhA g=
. 2 23EY a7t Fold+§ ki 28
o] Wl E Wol W7 A&7 PA7t AA Ro
b2 $Y&49 F4AE JaMe BAAYY 9%
€ FA 9t ¥ 24 ani 2 2389 AR
g3 @ Aoz @adn 9r)H ALRE w79
B3F #8 AUd W3 7% Alojg Azt 83
mmolEg §AMY] A7) HAE o] Bops Fojo}
sed. A3 §A4 2718 2387 A4 9A

2
=

il
o]

=

M-0l T H-
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Fig. 5. Dependency of the discharge power on the
dielectric material.
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Fig. 6. Effect of the packing material on the
decomposition of toluene.
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0F | WX SHo| ot HUMFIsHEE Bl ¥ TS0l Mt 37

Asn], $AA g 71Foz AYA Fig 64
Uehd 4w AFe 7R Bzt oA 2
xof wa} F7hsckE RAojch, el o5t Ao
o8 ¢4 22 P o} ol FISFEY 23
of a8 J48g a0, #71AFER AR AHYH
ol 25 (direct electron impact) E¥ F7131¢ES
AgAYe A= dsies Aoz GHA A
(Yamamoto et al. 1993: Ogata et al, 1999). mebA,
AUALE F7to w2} EAFEEol Frlste AL
st 2o Ugd BHEEY AT 32 A4
4 Ao} Fig. 601 vehd uis} ol EFAY 23
A g2 FEolU Hojg 2L FAHAS EAG
A 2A Frtsted, ol AFAbld 7IA (gas
gap)el th@ A71F A7) (electric field intensity)
Hg AL 499 & At AFAIY ZAA
@ 2713 47 (E)e o8 A3 29

Ex=——V—t (2
(d— t)+'E‘

I Ak de AST A te 7
AN HFAEoT 4 ()

BHgrle] FAAE FARE @, VA F29 AP
E AL ¢ F Aded. ANZ A7

7t ZAAA =Y G #4559 20l F3H
I AAEL B & 452 JMEH0 EFA9 £
7t o gold A Folth KAFEY 3717 4 mm
st 5 mm FE A9 vxd gAE8o] FAH
oy, 277t 6 mmE F7HE @2t EFAY &
fg&0 23 Fase FEE vehix 3o #2AT
€9 2717} 4 mms 5 mmY BF EAEEA 9
oA zel7t AL FRed. A7 A7 st
AstA gR7] HEQA Aoz ¥AY FH, Fol
(47567 mm)7t ¥g7ld] FAHAAE 99 EFA
E44d5e 2 v ERHAE ET83 RT3
9t AL Ad] AYPolA Folo A EF
A F3 HYL 152 FF Fol o= Aoz Y
eten, E5d s5 Fid "Ae §39 ¥
(N33 & A7) e, Fol& FAANE
A9 & 332 2ALGS WM ¥ 5% A

AA
=
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g $R5Y) Fig 6lM F2F&} S0l A

EAdsd Aladol A4ddel =gz YA
AN FF A0l EFAY B ¥ FA
v, ESA B Ze=zet PAHA JPAT
g438 ¢ Ao A& Jetdoh Fig. 59 Fig. 6
o A}E F¢Hoz Avud FUEY A7 4
A 5 mm¥ o, $ARYo| L} 2PYERY RAYF
ool A} E4E 2o Fed, 4FELY
H23E dAME 5 mmy At w@Fsich 5
mmE 7t2 7 (gas gap)ol FAAA o2 @43
W 06 (=50/835) ojn, o] ol¥¢g UYL 37 5
mmZ 7|Fo2 .

o do

30

A no packing
25 O 5 mm glass bead
B 4.75-6.7 mm zeolite

15 1

10

Discharge power (W)

Applied voltage (k\)

Fig. 7. Effect of the peak voltage on the discharge
power.

Fig. 7& #aa¢t vs. $AAHY FAE Ye
o A A A7HE HIARYY we AFFPos
F7Ht o] ageME @ F ARl A Ao
238 & At A2 FA A A 0Bt F
AP AYANE FAA FJECl A8HAE 99
$A Aol A4 FUE g Wrng ¢ I
o] A% FAM FUEl /1A A7B AV F
JHNA AFAlele AE AFE FLAA7] dEol
o 3Ad Aol 0o]Fe] H& AELE 5 mmY /2
TFEE AH8RE 9 7 Asken, $ol& AHEIA



sHM-0 5

8 Aol wHo] AR R, F3Eol
£ A% Y8 =ojof WAool AFHA d

2 g g9 A AXt 78 &
o] 18 WgrIig of £ HAA Aoy o)
& $0l9 dIF3Y "dEQ] Hez mY or)4
AL $019) 71F e A Huet A9 Fo
55 F3EY AA RN £33 A7 AAG
T FH= Ao g3 wd, 28 #4662 O
dol glo] faFE AA Fus 1 FHo
24, Wgrldl fAAY Fo wE s B9
A7 A7 F7ke 4 (2)0A BE uleg go] §
2 749 297t o an, o 42 AgaA PAo
AAED a8 AYE 18 kV ooz F7AAIA
S99, 5 mm9 fAFEH $ole AT S48 4
Ebdi),

30000
no packing
scoria
e
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-30000
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Fig. 8 Effect of the packing material on the
discharge ignition voltage.

AR AL s o} A5 29 7] s
Fig. 8% £2 AF-AA=E Al Fated, A
FE (M23)9 2EL2 #A /A ALE dehdg.
Fig. 844 @& vt ol B AANAFL
Fig. 79 $dd¥o] @25 Adst 2 dAstzn
A /M AGH HE FA4EH BAE
Fig. 94 yeh} gt €549 g st

R

[l

i

Ha Al g2 Frkstked, o olf+ 719 A
717 AZ17k AR £ 2 $A AL ZHA
s Gy, o E, 22 AUy g2 §43%F9 ¢
AFe F7HA7 A&tk {34 F

€t €599 € 98 o 22 ¥3
23, A& §ol. 5 mm9 f8 FEol F
AR W19 Fe, 25 kVe AgolA ¥
50l BaE WA, IE A& U&= U
A4AA 87 ppme] EFA0) vIwtg ez go}
o. @ttepet FE0] AL dE FAE) UL
qET o 2 APAAN E5A9 2871 o)
AR 34 FAE0] Ae S 749 B4
£ 188 kV olstelde dojubx] @e=dh 28 5
mme #2TEH} Fo7t FAHAL W= FF 120
kVel 144 kVIlX E5A9 Fx71 Fasr] A1s
9. ol g Afs EAS 3G (FEANAhFH
BUHE Y22 Fig. 79 Fig. 8oA9 FAzs} A
2 3% ¢ 7 A

400
® nopacking

350 4 ¥ 5 mm glass bead
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Fig. 9. Effect of the peak voltage on the decomposition
of toluene.

ALAREY AAE oz & 34 A7an
of 429 2gEZY AARE X AA wgNF
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Fig. 10. Effect of gas composition on the decomposition
of toluene.
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Fig. 11. Effect of gas composition on the decomposition
of trichloroethylene.

(reaction mechanism)E 7b& 24l AA o &sta
At} (Mok et al, 2000: Mok and Nam. 2002). #'2
AR713REY AT 7t29 2y waet £5 &
2o] JEg wg Aoz wdHo|, ol g3 43
g FP3%h BA EF sbEoA J4/A49 v
& gl 42 EFA9 B3 AFo] Ay Lx9

ol 23t HuRy|sete 2ol ¥ H2AZFol us AT

F+2 Fig. 1004 AAHO Ak 2gAX4 & F 9
%o|, 2 E599 ¥ 7t2zge 9%E 2n
Aed, Higge Fho g EFAY ¥ 45
o] 234 #isa Urh BAUNEY AAKES
Az aA 4¥E B3 doy EFAY B¢
Az d dE A= ALPNRERG F2
olfE WSZTEZHEH F3¥ + Add. ILARE
(NOYY F8 AA B2 44 492 (0). OH %
& g% Ashibgoeld, A4 g (N)2 NO
o} g9 wgd FAsriT st NOE A441717)
5 3o N gjZo] £43 NOY #id vA: 9
g A9 gtk wid, EFAY S 0 AL N
gz, zA4A A& 0', 0. N', No' &} 22 o
2 5o 25 ¥ 3o #@Asto Az v
ol g ALAAEAY Z Aol UehiA
et o, Arsert FAsA HE Al v
28 84F 9 ofuix AAY FP¥ol AAY, ¥
g2 M4 Bx7t F7he oM v EE #YF
59 9o FuHoz HAA @ Rojrh. 1Y,
229 dxe Y9 d2lAYA (bond dissociation
energy) ¥ o] 234yl (jonization potential)ol
o]7} qlo] FYF AUAF BgdA TSR
gz 9 o) FAFAE Zo|7t A& Aot} F,
7429 g wel EFAY FAlE A AYA &
gl Aozt A71A 8ol Ag7)A, A EE2 F
gd YA gy EFA AAZF S Jebdg F49
oAl (98 eV) F o]23toldA (155 eV)&
A2 HAdA (51 eV) F ol23ofix (121
eV) Bt} 222 (Mizuno et al. 1986), 34 H=7}
FAsAHE BAE A% oAdA fmgo] YolAw,
w2 ArEE7t oW AYA &g FH
t}. Fig. 1044 2o gzt AALE Wdsrt 2
g 22X gL olft ol ol WGIFE /AR
A9E & otk Fig 112 EYS=29A9 ¥4
A5 A2 A TAS AW, EFAF 0
7t  JEE JehiAE gtk o] ARe
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Fig. 12. Effect of gas composition on the discharge
ignition voltage.

otR7] st Ja@FL 0. 10. 20 %2 WA
o S2AAGF vs. Q7ML S =M Rolth AC 2
APLPZA Y JAALGL =5 19 V (AC) gk
Axg EAss Z¢ FAAANALL 109 kVE Y
Bton, Ahagrdol 10 %. 20 %2 dAsigel aet
WHAZRAI A} e] 123 kV, 126 kVE F7HE AT o9}
2ol HaUF Frtol met AR Age] gobA

£ 992 49 AAASA (electron affinity) ™
o2 dNd. i 987 Fo] 2ol 44
st AzsEE ZaAoh
et Oy — 0y (3)
e+ 0, — 0+ 0 4)

714, 4 (9)& A2 F3 (dissociative attachment)
g3 geA gled, Adss Fao) 2 P& A
o olgt Fo] diE A4 202 = 924 £
o] &g Addtel, FHNAIE AT AAA (electron
avalanche)ol 207 HAE LRA7|22Z YA A
Aol RobAA gt gAol AAHI JdFHE &
EAAE (casual electrons)o} 714 EAEL Fol
BA7132, ol BPE AXEC] E & A4 2F
£2 ol 8A9 78I rAY AAsE

MI

KR

()

o

o Z4o] glojol s, HxFET FobA U
i@ AR WA )% (W o PeS
wob WAMAAYe] FolAA A& Heolth,

35
® 0,20 %(viv) (5 mm glass)
301 O O,10%(v/v}) (5 mm glass)
v only N, (5 mm glass)
25
g
g 20 -
g
o 15
o
[
-§. 10
2
5 1
0
0 10 20 30 40 50 60
Primary power (W)

Fig. 13. Effect of gas composition on the discharge
power.
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Fig. 15. Effect of gas composition on the power
transfer efficiency.
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