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Destruction of Volatile Organic Compounds Using
a Microwave-Induced Plasma Process

Young-Sun Mok, Ho-Chul Kang and Ho-Won Lee
Dept. of Chemical Eng. and Clean Technology. Cheju National University. Jeju-Do. 690-756. Korea

A microwave plasma system using 2.45 GHz magnetron was applied to the decomposition of volatile organic
compounds such as toluene and trichloroethylene. This microwave plasma system designed for producing plasma
at atmospheric pressure consists of a magnetron detached from a household microwave oven. a directional
coupler. a three-stub tuner. a tapered waveguide. and plasma flame section where a quartz tube with a nozzle
is located. In this system. the organic compounds can be decomposed in the way of thermal incineration as well
as by the reactions with various active species formed during plasma discharge. The effect of feed gas flow rate
on the decomposition was significant due to the decrease in the gas temperature. but the initial concentration in
the range of 210-2.100 ppm did not largely affect the decomposition efficiency. The principal byproduct was
nitrogen oxides because this system was operated at high temperature. To improve the decomposition of the
organic compounds. argon was used as a plasma-assisting gas. together with the air-like feed gas mixture. Large
enhancement in the decomposition efficiency was achieved by the use of argon.
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2 FZ24Y ¥HA(pulsed corona discharge) 59 A2

g AzxFF. ved TE HJE Az ¢ ZZzop FHo] VOCs HE #3 a7AA whyol
G & T Mzl HAET s HAEYR/7) 2tz Bwstn Ut Oda et al. 1998: Kohno et al.
8B (volatile organic compounds. ©l&t VOCs) & # 1998: Futamura et al. 1999: Choi et al. 2000:
Cgtara g AFEds 0£F #Adg 22 Moon and Chae. 2001). 281k o)} #& nAY &

o] 714 #FFAE ob7lste Uth AL VOCs glzo} 2HL #HFo d4h EFFFAME VOCsE
AHz) ez ddA ole A2 §3% FH(adsorption ¢A35] CO.2 4shA|717] Zsto. distgs 9 4o
process). ol 4tgH(catalytic oxidation), I 43} g 7k AR @sei(vg 22939, XL 5
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*1]’;‘:‘39- 2 A3 H3 AH Moon and Chae. 2001).
sl Al 71AE Eetzul JHE BEAF
2 WL nfo]AZHojHE o] Bste
°l‘:}. Eﬁ}%}(waveguide) 49 2 nlolazyd
71gE AAE 7HEst neyA] Az @Eo 7
AE ol 7|H= F=0t ddst @4
(Uhm. 1998). nlo]azglo]H. Zajzol BH2 &4
A EfZolE HE F 9&"’ oj& glate] g 71
g49A (1L, Bz F)E i Adg 5 ol
183 S %EQ 4 9 tH(Baeva et al.
200D). @A glojzzdlold Z2t=ulg ol &% 7]’6‘
AAel sEdg #H o ZH A FFoiy,
A7k AR, FaAAE Bl BEATH h‘aﬁ}
et 2 (perfluorocarbon or PFC) Haflol g 4% 4
T A7t Baso] lrk(Baeva et al. 2001: Cho et
al.. 1998: Wojtowicz et al. 2001:
2001).
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€ 99 9 Egzv 955 aA dFofof gug
ol 1"4?} T 44 sEelg 43 2 Fe2olgy
AP WA =&ste Aol Faath I o9
7HA F8 WSt 713 EY vlag A F
e Bgd vAE gFE FRHo2 Hkse A
o] 3ol

g =Rl ME rIgsels nlolazgleln Ea
ZntE HET §A42 £ 2l @ 98 9 ol o
gdlel £4% VOCs #AARE AT o7l
A VOCs2 439 388 ERds% =22z

dilojdon. mA WiZI7tE /¥ 2 #71sEEY
271558 HFZ 34 v7]9}§]’ L R %7}
st oddsE 8 FAHES CO. CO. 282

sogs|toy, B 3ol *79.0{];\1 SAgog A
243829 HAE dojdoh watA, 3 7\ shgt
olel 919 & BAEY & #H: FYHAU
. 3718 2 FIAMEFEAAME 2} o7
(vibrational excitation) % 3dfl€](dissociation)o &2
ZFo| Azpolz7t AR Fof(Kucukarpacl. 1979). &
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Fig. 1. Schematic of the 2.45GHz microwave-
induced plasma system.
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Fig. 2. Detailed diagram of the tapered waveguide
equipped with plasma reactor.

SRSt g 2afof st AT

289tk HY Z47Zol(tapered length) & T 4
o & HAHE T AP} FFTAs Jod
(Park. 1991):

A= S (1)
¢~ V1—(A/2a)°

q714 A # HF(guide wavelength). Ae =
&7 H3(free space wavelength) 281 a& =3
Be] Zo|t} HFSS AFE =g o/ 8% A A+
of ojatd, walstel 9%t EHE HAEET] AN
£ =3@ ZFaFort @ #EF Popop ok
(Bae et al. 2002). F37} 245GHzl BS A+
¢ A7 As IS FA(e=fA. ¢ speed of
light: £ frequency: A: wavelength)el &l 12.24
em® A4EHG, 0] &2 4 (Dol dysd B
A= 17.3cem7F Aok,

7HY & AAA g sl EES At o Fig 3
off AAIG g2} o] wim wiHek #A(60 Hz B
28)& AgslEE ZEHOoZ RF 2o v43o
2 yed gch gt diyigdold Eelzuks 24
AlFI71 Al E 203 (LYY ignite) S #
AR E AdAsor HPH ez Fapzupzl LAY
t} Fig. 4= staEE9 &3 A7 AU o
S veiiith AgaE e 83mse] BAES h T
& 7H(square wave)old, T3 ML F -4 kVolch

2 A7eA A3 AdRrIdegE F oshde
&2 /Fo e Fa% EFAdoUck EFA
2 EE IPES ERE F Jded BEF 3%
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=
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Fig. 3. Half-wave voltage doubling circuit for 2.45
GHz magnetron.
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Fig. 4. Waveform of the cathode voltage applied to
the magnetron.

Qd A& ZP=zn 7|2 BN vl ojPn £
HE HAMe= B2 duArt Lrdtz deiA
TH( Mok et al, 2002). olg} #o] sletxog <HEF
SPEL vlojazgoly Zel=ulE o83 AN
Hoz #AAd = Qv o2 EFE &Y 44
2ad 5 9lg Aotk 2A wirrtay F8 4E
D 80%(v/v): ARAr 20%(v/v)) At
FEE 37194E olgstd tegH 2ol &
EFdol 5o e wix Zg2aE 20°C
25T RAHN W gefzd @
2 e dix FetAad A4E FHAI
o) 2XoX ERdog ¥HT) o] 2%
Aol Z71¢E 259 kPaolw, B4t EFA
o2 ¥3H90e w9 FE: 25570 ppm(parts per
million. volumetric) olch. EFAE E3A717] H&
AgE ALY #FE A2 A (mass
controller){Model 1179, MKS Instruments. Inc.)ol ¢
d 2EHYLH, FoolA Frig EgEHAY EF
A9 HEE 210-2100 ppm P2 7pEEdC £ &
T ALSR e {U1SYES EEERAEA
olen FRAY AN 2L PYoE ¥
£ 1.000ppmo2 zAstA. EZAF wi7)7}29 F
#32 F2 10L/mingdov. F9d e 5-10
L/minZ @379 dgsdc =0 8z 7]
7t R EY EHY 5 VA 9EE Hodst
7] st RARNT)7EASE @A o2 R E AMEER
o} o229 §32 A (flow meter) E A5
z3s9.
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Eetzn} G0 AMREE HA FAY9L2 ALY &
Yt Aty spojojth. AWE FdH v AEE
2387 Y5t WP AR (directional coupler) 9}
HYRUE(MSTA Co.. Korea)& AHg3tch Ay
Z2Ro)= 1000: 1 AL T2 Y (high voltage probe)
(PVM-4. North Star Research. Inc. USA)7} ALgH
AL, AL ¥ (voltage waveform) 2 2 dlolg
Hgo] AHgdE tAE 4223 L= TektronixAtS
TDS 3032013tk 2f 4¥ AHE OAE AYE3
Al (Yokogawa WT200. Japan)& AHEsld £ 5ok
L3713 FEY Bl BF o3 AR
718 FE$ 714 a2etE 3 Z(GC-14B. Shimadzu.
Japan) & AMgEHow, IHUYR7IAEEY FHE
€2 E=nl YA AR zEA)ZEE A4EHA
oh A9 CO% CO:8 =& 4% ui7l2EA 7
(GreenLine. Eurotron. USA)®} CO. EUYE(Model
8762, TSI Inc. USA)ol 9& FHHAD TEL
529 Ee FATAMEFNSE 91L. Gastec. Japan)
& ojgsld EAay wgrldAM gAsHEs AL
2389 X EAol= NO-NO-NOx £437](Model
42C. Thermo Environ- mental Instruments.

USA)7F AHg-= 3 eh

Inc..

<RI gt

gxd dHAE ol8ad FHE I EE A&
He g #YL 105kWAEH. °olF & 200We
sl EE9 3 ZHE 3¢ 9 W7l F ulol
AZdolE WAz ALEHUR RF &Yooz
wad A2 850450 WLk Fig. 55 2Z4(x=F9
4 5H sliding short7AA 9 Ag)o] 2mmA-E o
o A3 &¥FA vite 2¥E veldth LA S
Fig. 29 L2 A Qleh o] Zfoll < 6% 71
o] Ay o] PAHO] AA EI=vl LA &
BH A U%AT vAlge oA S HEs] 24
st #HA4AY ¢ Aded. Fig 6ol wiroe 3
g 99 vyt exzAY FFE2 AASY Qdth
dgolM B uieh o] Mol ImmEth AW
whAbgo] 50%°l ol2t} 2y, WHAEE XAl
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Fig. 8. Effect of the feed gas flow rate on the
decomposition efficiency.

2HGE AHEst
. ERd EHE ¢ ]
(N..O..N". 0" &) *}°l°ﬂ °’°1L}% Hatol
S(charge transfer reaction)olglx E 150
(Kohno et al.. 1993: Sieck et al. 2001). E&
o #Hd Aol Hntg EHY VEEEYTE §
ol gokso] Arh(Sieck et al. 2001). ol A&t
ol dyhgolelo] FEa) ¥ EF ulolaggolE F
Zzol 2PN FRY Age & Aoz Holed.
Fig. 7. Photograph of plasma flame (air flow rate! ole &Fel ngeld dH7] el /718y
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£9 Asjel] 7k ¢d 2= Frte os A
g3 dA AdE + Ak
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7, )
q=rhfr cdT, c,=a+B8T+yT*
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Q7M. T1& k& FYSHe ZA(FNEHE) Y
250](25°C), T HEF 2xolth 4 ()M m
A w7]7b29] B §-F(molar flow rate)o]m.
2% (molar gas density. 4.09x 107 mol/L at 25°C)
o B3 FF(volumetric flow rate)®l F2.2 AN
. 3719 Bfoa B 2y & A7 650 92x10"
a3 -176x 10" olek. o] 4g ol gt T.& AN
57] faiMe AUAALEE(RF 28)E Lolok
ok 71AE S 28 " Fig. 6ol AAR vpo} 2
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g0 A EFohHd Fig. 9M TRHE= AAYH
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Fig. 9. Ratio of the reflected power to the forward
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g0z 2 BAFEH Cooper and Alley. 1994). 12} vt
go] grlstes AL FlAE T2 2UE:s) HEE
=9 v go] 271%%9 #4471 olvehks AHoldh Fig
goll uehd uwie}l o] 27| EEo] WE RAEEY ¢
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Fig. 10. Byproducts formation in the plasma reactor
(feed gas’ 10 L/min).

T= 2 gAEL Yok o] ZFNA e FEo] A
A U olfe W Y & ddE 5 U
(Atkinson et al.. 1992):

0+0,— 0,  k=5.6x10""(300/T)*®[N,]
(cm’molecule's ™) (3)
0+ 0;— 20, k=8.0 <10 “exp(—2060/ D

(cm’molecule™s ™) (4)

A4 (DT (4ol w2d o2 BY2 25 yhy
ot &Y s 2= wdsie @A Uk
metA, &9 4ol nE A E FFANA
HAEA e AL 2ES FIetn @ + ok
Fig. 10o1 AMAIE 2AAY EFQ9 27559 #A
glo] LEYUS B BAEsEE FAE 9F A%t
th o] A} A FFHo] Lo AHUE olF
2 AM9 F 9lg Aotk Az AU EY B
3 #HPAAM LEFUE=S FREZ MY = A
o RoXe ®EA giisE2 g Ao
2 #ddd 4 27 339 ZRo AA ¢wgrF
£ e 23R E gy 2 g4 g sAx
71859 237 & BEAFE 4 A Cooper and
Alley. 1994):

—

CH,+ (E+3)0, ﬁxco+~2!11._,o (5)
co+%0._, ki co, (6)
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4 % (6)& HEYF7IsE0] A4 COZ A
#d g 4kd g8 CO.2 Agdoes Ae u
ehdth aefy A2 EZeizul FFNAE CO ¥a
7 CO: H8E W8T FUAAM & F2E AR
tti B 5o glti(Futamura et al. 1999: Song et
al. 2000). oA AFd vie} Pof, wloja 2ol B
EFg2n ZF2 /R71SEES gutsH Ashol Al
Sl o) FsiAlg 5 ok $ATEIL ojuEE
SAE COs HYA ALEHA] A (O o8 2
oAx CO-E 4A Agol Aok Fig. 109 vepd n}
% 2ol HF CO. %7 CORY w2 A& oA
ZHoA fNE £ ek 2 FHAME COd CO-
vl gol 006914 019 HAAdeH. A A2 =
gtzol 29 A 0% (v/v)e AXRZANA (6L
2 ] =3}tH(Ogata et al. 1999).

12000

10000 Initial totuene: 1,050 ppm

NOx formed (ppm}

Feed gas flow rate (L/min)

Fig. 11. Formation of nitregen oxides as a function

of feed gas flow rate.
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$A4d NOx(NO+NO»9 vEE veidd, a3
Zo] A wj717kA f#Fe] 5L/mind « 2k 10,000
ppm2 NOx7t A4 =HA2n, F3Fo] 10-20 L/mine 2
Z7Hel me} 1.500-2.000 ppm 2.2 Wi o] FA= QY
th ol9t Zo] NOx HHsE7F ¥ AL 7|49 &
=7t o9 gohs d 40o] qloh webd, 2 Q7
Al {71 EEY AHAE oD UAAW o] F
e AEGa9) ol FiMAERTY BFFHo=
o fal 7IAE Aelsted ojfSojof gt HEA
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AolA RelFeRe 277} FHrez A8HY

& B R71SE Eaasel ackA w2 @t
o 37159 dLE AAAYA] 2k $EE 84 ¢

A7 A5 7lel ged 2R o2 o)A ITH Snyder
and Anderson, 1993). A AEFEAME HEFY A
Aol 1 2] 7} Atel o7l F el o8 &4
o|(Kucukarpaci. 1979). #718gh&9] Eaol #os}
€ 84 4R =& Z2AAA ok /U8 e E
9 BAHEEES FHA7I7] A5t of2 o] Fejzu]
BZ 7|A2 ALSE AT o228 ALESHE Slof 9
¢ A 22 HAAUA Y &Mool dojur] oA
Hez 3Ure Eetzeprt $4E Aok WA A
P2 MF7IAZ ol22g AMEstd FYHUD 1
dgez 37i% ol228 £ U ABde ddE +
Btk ¢ 4dS =59 dF Yol 5L/ming
Fgstn =& 4 :|"%‘°ﬂ‘c E5de ¥
g ZAF Hi7)7EA S L/ming FY8Y F¥ stk
02 AF2 714 F9 $ES v R uito] £
Atk Fig 125 €209 2o 0= of2

&g vehx . 7tRERY 2I5EE
(o2 &+ 37 & 71F2=2 @ Fxoldh 4" u
o} o] o2z Algol wel Rl ggo)l A T
HAh ofz2 o] =F9 & FYo FYHAE o
o] A} ot2 o] =59 F4 FYo FUHUES
g A#AEs M2 FAEED £ #3E 10L/min
2 133 =F9 9F FYo| 5L/ming ol=2&
€ FHUPe o EdF=2AEA(1.000 ppm) =
80%7tA £t o] BAEE2 FUIHE AR
#L do BAggd 3Rt 88 52 oo
Rosocha &(1993)2 ol227 Z7]o disl 44ER}
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