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Decomposition of Acetonitrile Using a Planar Type Dielectric Barrier
Discharge Reactor Packed with Adsorption and Catalyst Materials
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Abstract

A combined process of non-thermal plasma and catalytic technique has been investigated to treat CH;:CN gas in
the atmosphere. A planar type dielectric barrier discharge (DBD) reactor has been used to generate the non-ther-
mal plasma that produces various chemically active species, such as O, N, OH, O3, ion, electrons, etc. Several dif-
ferent types of the beads, which are Molecular Sieve (MS) 5A, MS 13X, Pt/alumina beads, are packed into the DBD
reactor, and have been tested to characterize the effects of adsorption and catalytic process on treating the CH;CN
gas in the DBD reactor. The test results showed that the operating power consumption and the amounts of the by —
products of the non-thermal plasma process can be reduced by the assistance of the adsorption and catalytic process.

Key words : VOCs (Volatile Organic Compounds), Nonthermal plasma process, Pt/y-Al,0s, Acetonitrile, DBD
(Dielectric Barrier Discharge)
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Fig. 1. Schematics of the experimental apparatus.
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Fig. 2. A planar type DBD reactor and UV image.
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Fig. 3. Decomposition efficiency as a function of initial
concentrations of CH;CN.
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Fig. 4. Decomposed CH:CN concentrations as a function
of initial concentrations.
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Fig. 5. Decomposition efficiencies as a function of SED
and different types of packing materials.
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Fig. 6. Output concentration variations of CH;CN as a
function of time when MS 5A beads are packed.

1200 T
L H
init. con i 130W 200W

1000 |-

CH3CN: off

T

I

1

1

3

]

800 e RS .
I

I

600 | !
]

!

i

|

i

400 |-
|

—e— MS13X(1/5) + Glass(4/5)
—o— Glays Bead

200 -

CH3CN Concentration(ppm)

-100 [ 100 200 300 400

Time(min}

Fig. 7. Output concentration variations of CH:CN as a
function of time when MS 13X beads are packed.

= SR ool A3 F7hst =7 37
sl= Aoz Ayztaidn o] F 30~70E B¢ &
Frxrt wold g B 70~170% F<t F7)
F HAsEE A 7] e 8 2= 2

Eo] W3} ﬂﬂ—?—_e_i %X*s}ai"ﬂ%, g
BE % AP A At g 2ol

| A|zbel whet qﬂs}% e a7 7ol AA
ulel 7o) MS 13XE AHEE 7§ ¢S5 A3
A vebged, 23 FAAE AHEA 42 #9
F£9) A9t AR A3E nalo

[~]

off 4

o r=
o

S

2]

i
Lo

\l

N
L
Z
wn
n
>
L
)
>
2
R
Ao
2
>
o
2

AsHsl B2E g el 0T 4L
ohie Hr)W By R Fekzel BASHA s

2080 BE op ol ¥ T4 161

1400

SOW
1200

init. con.
1000

800 |

600

400 b

T
|
|
i
i
I
|
|
I
l
i
|
1
(
1
|
)
!
|
1

CH3CN Concentration(ppm)

200 |

-50

Time(min)

Fig. 8. Output concentrations of CH3CN at different input
power conditions (Pt/Alumina beads were used).

HE 499 4 ek & Fehze} we719) 4)A
Ege ex 9 ¥l W w7
2744% capacitance) 9 H714 A=A W3]
el WHe7lel TFE 4 Ax Aol BT 4
Qe ma AT W o) W8]
X Z=3o| electrical attachment® ¢ 27]7)
WAES Hol AHE shshel Bepzwh
e 74 Hoh oy 2 AFlAE el
&9 WE WHAFIY FhE A
o $UT AP sAsAeH, 39 sl Y F
Qzol wpe gy EFEES LEE YA AA
Shic 2Rl A 2 sk el 2PHEL Mm
e A7) FARAT A B WY
257 gokch Sowe) WY H9A 27) o
soxzte F2 9 R EAFEE ANHA Y
H 27550 mdslgon, o] £ IOWE F3
o &34 °]’f“ﬂi‘/}° Eo] &3EH7 vA] 90
Y 2PEEE B o9 2
%dz‘ia 9 uer] &xrt 7
7 astgen, £x5h 343 Arehs
WA At Srse % He A2
ald) 343 wobd AE ¥ S s ol B
AIAE delinz W
g o ouxlel els) w7} 243} (thermal
activation)® °oJsko =z AJz}sln gt olek Zeo] A
& Eozelne) 3Hew AU oHE AL F
AAE Agstel g7 W AFADE AUAez

f.
X
ly >

n,arlrf

J. KOSAE Vol. 19, No. 2(2003)



CeC

O Glass
& MSSA(1/S)+Glass(4/5)
o PrAlO3

0.10 -
0.09
0.08
0.07
0.06
0.05
0

200 400 600 800 1000 1200 1400

SED(/L)

Fig. 9. Semi-log plots of C/C; as a function of SED and
different types of packing materials.

F7HNF1AY FlE o] 43l ohE W2 E A
3l wiete] Bl el FEI Zloz
HAdeh (2 9).

}H, 2 dFelA A" wh7)E wbR e
ohvel 7 o] F9 FARE Fuj5-g AT
AE 259 ez, 1 (1 stage) -2 ®H3719] o)
Fol gt Wl /A2 u} Eej g A3 S0, 2
(2 stages)¥ 2 WP H-ol Fke] FAlRel = FUAZ
% (F 160cm’)e] Fulg AMgsle] FtaAe)r) 2%
Hell ZAAM o]Fof A =5 g 7 $-o|t}. I3 109
A B ulel o] 233l B& o] tha F7}
e olfrt WARAAM FA wmr REHA 2T
ol Ertol o] FARo] F2El &, wbdRelA
LAY 035 v CASSLe] F7x<l uhgol €
& oz wdsisict (R HAE 5, 2000; A. Gerva-
sini et al., 2000).

3.3 Zoi2H7 2ead (Bakxol+ o)z
o 2o £A bl@

I 9l & 4 Alxel WARe Suje)
e g4 FYD AHANE O ¥ BoE
& AT 4 slglem, 53 B00IL o4 %
ARl E &) 277} o) ot 34
3 27hgE & & qlgdeh o9k el Aol F
%3] F7h9 QAL w7] ) £x7} B0 of
AoAE 130°C ooz Axar] Wil U
o7k B8 7) AssaEtn 24 shadch oo

fZo718A s3] A 197 A2

100
g
3 8ot —&— | stage
E —0— 2 stage
] —O— Glass
g
™ 60
2
=
2
&
=
3
Q
g
e 20 -
Jua]
o
0 L n L . L
200 400 600 800 1000 1200 1400

SED(J/L)

Fig. 10. CH;CN decomposition efficiencies as a function
of SED and different types of reactors.

100

—@— Plasma+Catalyst
—O— Catalyst

@
S

@
S

Py
=3

Decomposition Efficiency(%)

I
S

L 1 : L
50 100 150 200 250 300

Temperature (OC)

Fig. 11. CH;,CN decomposition efficiencies of catalyst
process and hybrid (plasma+-catalyst) process.

& #AE 9 2 AFlNE Bo
zob Bgglel esl 4F S92 Ag3)e) oA
Erol=s 2AAYE FANAT, olg Bohzx

¢ AgAss) wzelsl

£

2834 (hybrid process)& Fvjnte) 23
4 vlwE T elvh o§7)A Fujtte FAL

=L
j=]
3719 PAel AT 5 5D B
7

to
rle
2
%
R
:*0
oo
A
rlr
r}oll
ﬂ
N,
o
i o
i
i



Huy FHA Ay

:0&
of

N e

-

ojm)star gich Eefute] FAAA =

7ol A" & FehA] dgron, Sl
A A7 29t B & FFE 4 oA
o oste] A=} 17 1A & 4 JEol
B33 Aol ME 130°C o] FHE Eetz=rfe} dell
Aol g 5 A EHAZ sl &l F43] F
7ystd o}, Eunke] FAe A= 200°C o] el A
Foho) BA el WAL AT W] 2YTHL 20)
2] &= (temperature window)& A2 oz
BAAA FE a7t den, ¥ 22 Gl
Zuj7l FAzEE JlFe 2es] Hasee 9
Aol <& FAgtoz AHEr] o= Ae
o4 4 A

T oo
oo e

2}

=

2 o e A
o

vhel Wl FEm & 2qaE SFFAAA A
g 28719 FTIR 2dexon I3 Bt

ukel 2ol AiH ez HHFYe] HLZ 2ANA

0:2] WA o] AFF T glom, AHe] F

0; peak2 AlEIA|E= 7oz vepyteh 22y v

2 N 09 NO= HAHo] /145 Z

W k7)ol N FA B w2 ol EvelEYS] B3 FA 163

oz vepged, o9 Z2 EAe Eelzobhie
Zal| ule7] Fdo] thA| o] mi= 44| scrubber
£ nesle Ase Yt BeF Ao

%
2 9t

k)

iy Foll A BARZFAR AREFQ] obH Ert
o] Y A XPAH] F5T EA-
HCNe| wWi&=+: 7Zlez B3 H3 gle], ol o
3 Aeksls A=sleh HCNY Salel] 23t 34
A2 ul27]e] glass bead?} Pvaluminag 3313
4ol et SPsgon, Ass 19 1374 14
of 77t A™ZF7lel] wel vebl et 2¥ 13404
B ule} o] Behzmlute] FAAME FHFAH
o] Z7lol whel B gel F7I8EAITE HON A=k
=3 Zrlske Aoz ey FFAH 200We)
7S ol EV el ERY x7]% %7} 1060 ppm, A A
&o| ¢ 40% Hrojnz FaE ofyEvte|E™
424 ppm 3 °F 26% (110 ppm)= HCNS) ez 2
HEE &+ e 12y Eekzetg SuE =
gt BEFAY A ¥ olA] B npel o
oAl Erfol eI} g7 HCNS A% 2wl
uj} AR =7} FA3] Fashe e vl

X
—
K=N
£

He g

3.5 scale—up AlAH] 7M 3 E&f AH
o|Abe] AT AINE EA Zel=ulEA T §

8 Base
o Line
o
S
O3
g 50W i
=) RN ET e e eme— e e e e e e anned "_,,‘.a.\\'.\&x_,{,‘Jw:«»..h,,.‘mm,_,,r' AN i
2 .
<
3
w S ‘
8 90 . N N, ket
8]
130W N
§ | adein A Sk e e e o bR ‘Muwmu,,M",..,,,__‘,VLLV
g
; . NO2
° 200W . N20 i _N20 ]
g I S —— e UUUIUTPRIRIT 1S S TF I SVPUIY LA P e

3800 3600 3400 3200 3000 2800 2600 24

00 2200 2000 1800 1600 1400 1200 1000 80O

Fig. 12. FTIR spectrum of the treated air at different input power conditions in the case of hybrid (plasma+-catalyst)

process.

J. KOSAE Vol. 19, No. 2(2003)



164

Y,
2 el
Eu)
ofr
o2
ot
o,
"
N

150

3

CH3CN Decomposition Efficiency(%)
2
2
HCN Concentration(ppm)

40 50
146°C
120°C
ol & awc o
62°C
° . . . . 50
80 100 120 140 160 180 200 220
Power(W)

Fig. 13. Output concentrations of HCN as a function of
input power in the case of glass beads.

1200 . . 300
init. com | !
| 130W | 200W
1000 | r ' 250
= i i
£ ! ' A
o
S eoof | 1359c 200 £
k= 1 1 -
s 1 ( 2
£ i { =
§ o0l ! : —~e— CH;CN 150 £
£ | 1 —0— HCN 2
S | I H
S
z L J
& 400 ; 100 z
Z | 2
! o
200 . e 50
1
I
I
o s 1 L 0
-50 0 50 100 150 200 250
Time{min)

Fig. 14. Output concentrations of HCN at different input
power conditions in the case of Pt/alumina beads.

F4 mr S0l5e Agam Agane 23w
WA BArEe) A7t bed 4+ e B

ot Jev 279 A¥AFAEE 10 /min FE
o] AfFor, I{HFY FIIIAE A E o
AA Al2"lol e A& 98] 300 /ming A2
€+ AT 300 Uming AFAA = Eepze) ut
SHo Su) SR 22 5S¢ AP d4% 2
Az FAsen, Fetmel vhs-Re A3 24 o
1.5mmgl ¥h§-7]18 ArgslHew, 9 X=d &
o) HhS-H= 1,200cm®e] F-Zbel]l FFAE oF 5mm
Q dFuh} vl=(15H4 2¥) £y HF/LFe
vz Qetd 2E)S A9 A3kt 10 /ming Al
oA o =rtoledE Asled AoEHE A
o] 1,200)/Lg] o, o] S 7)== 300 /mingFe 7

A7 ATHA A 194 A2z

1200 150

ini. con.
o

1000 gO-g24

—o— CH3CN (1 stage)
—&— HCN(! stage)
—e— CH3CN(2 stage)
—a— HCN(2 stage)

4 100

1 50
295°C

CH3CN Concentration(ppm)
HCN Concentration(ppm)

Time(min)

Fig. 15. Output concentrations of CH;CN and HCN at dif-
ferent operating conditions (input power and
geometrical configuration) for treating 300 //min
of the poliuted gas flow.

$ oF 6kwWel MHe] A2FE Aoz AXEH]
ey 10 /minge] A-$ wk37lel wvlE] XA A
AL F3FE A R FH29 d$Ale] =
A LA EG o, 300 /ming 8] - AdEe] Qe
A S EFojub3del ] Ful) ZAo o]4& 4 3l
o] 6kW B} A2 o A] 4H)7} A=At 19
1564 ®i= wvfe} Zo] 1718 mETHE Al4-3he
L5SkWE FHE A$ olHEVo|Ede] Ea &2
25% $=Fo| 3L HCNE| 2 = 50 ppm7tA] F74813)
o} et 2709 REE ARESle] Zb 7be] wEe
LIKWH 22kWE FFE 49 oM Eo[Ed 1
HCN2 A&7 gsgrom, of 402 ¥ F51HES
2092 155kW= PZEgou} 1.55kwWe) AgxA
oA 100ppm A =2 o BEvto|Ee] AZHY
o} AR o2 300 /ming AAAX A 1,000 ppm
2] o EvolEHE A 48X oVAE
400 J/Lo]l L (2kW 7]18), ¢] < 10/ming A<
1,200 /L&) 1/30 E#3tedc). whetd Eepznapel
Eo|0] 2oz o]Fozl B AFAA AL B
gznl HA g WF Fufe] BAsel Fag
d NAAE A d& 5 o] 2RI ks
=3 aixoz AT 4 S-S Felskiadh



E AX Setznt AT @A ALEEl oMl EY
oledel RalEAs AHuIon, F0 e o
&% Frot

1) otM| Erto]l ] A AYNEE & VOC (Tolu-
ene, TCE §)oll ¥laf] m, mfefr] ofi®rtel®
2E P E 5 oy #ehEe) ukgr] el vlay
TRl e B7stn &2 7|dt grd B3
Yebstet

2) Bhg7)e) ol Evpo)lEde] AElHoz o4
AFE £ UA=ES F3A Q) MSSAE A48 2%,
g S ARt FRAS 4 A
Zrell vt AEE A Hgel At AL & 4 3l
et 3], MS 13X& AR A9 o5 AlgsiA
vebdow, 2o &2 FAAE AMEkA 4 78
T8 A% fAE A9 Ry

3) B3 (Zetzok+ F3u) A M 7T ok
H A 2 EaEe nglon, uhgr] T
A AEE LEFvl) wE Eege FEAE
As e Az W FEojo] o A3} (thermal activa-
tion)7} o]} & Fal g2 ZUE /AL Heoz
Azt Qo) gt B Zu|o] 253 2L

ez FANA F £} glod, P2 25
dHANAN Fuijrl EAEHE V)T 2] HEFEH
o] A FAsenE Ay JHTGE AE
o 4 9dsdeh

4) ebd| mrtol 28 Bl 4] MEA = HCNO| 74,
Eetzopite) FANAE AE 3ot ue) °}/‘1]E
olE8le) Baj &3 7 HCNS L=tz Z7}
ol out, Fetmutel WigEelE 2 FA AN
£ HCN®| whe] #A3] Haste FALE U4
Aol = w-¢ &A A FAow HrE A

5) Eetzrte Heie] xgoz o]felzl 300/
ming AFAR ] ¢, Fepzvl w4 A 9

& Fviel 84el dedt o quAE 44 4%
+ Slol 2RF FRrts =3 aRHesn He
T 4 deE gdspn

Ab A

o] 47 20029= I7FAH A7 (NRL)

2 ol Edol=de) 2 B4 165

9 9oz yEgend A=y

71l A BFa -\‘%
3] FA e v'f‘dy 415-416.
olal <k, 73 Fab, wralul, ubg, o) <1 (2001), #-%
A A Fezal 5715 o] 43 TCE #3y
AT, gt el €3, A g 3] =8
69-75.
R, FAFE AUA, AHE I Y, AF5F(2002) F0)
7} 2% Zelzol w27)o| A2 toluene A A
=4, B35 A &R, 18(1), 51-58.
Chang, J.S., K. Urashima, and T. Ito (1994), Mechanism of
Nonthermal Plasma Treatment of Volatile Organic

0z

olo
P

A

of

-

Compounds in Dry Air, Engineering Technology in
Hazardous Waste Management VI, D. W. Tedder.
Ed., Atlanta, GA: ACS Press. p. 203-206.

Chang, J.S. Recent Development of Non-thermal Plasma
Gaseous Pollution Control Technology: From
ISNPT-1 and Beyond ISNPT-3, Proceedings of
the 3rd International Symposium on Non-Thermal
Plasma Technology for Pollution Control, April
23-27, 2001, Cheju, Korea.

Evans, D., JJ. Coogan, G.K. Anderson, L.A. Rosocha, and
M.J. Kushner (1993) Plasma Remediation of Tri-
chloro-ethylene in Silent Discharge Plasmas, J.
Appl. Phys., 74(9), 5378 -5386.

Gervasini, A. and V. Ragaini (2000) Catalytic Technology
Assisted with Tonization/Ozonization Phase for the
Abatement of Volatile Organic Compounds, Cata-
lysis Today 60, 129-138.

Jerome, P. Gilman et al. (1985) Acetonitrile as a simulant for
cyanide compounds for plasma testing, Proceeding
of the 1985 scientific conference on Chemical De-
fense Research.

Lev, N. Krasnoperov, Larisa G. Krishtopa, and Joseph W.
Bozzelli (1997) Study of Volatile Organic Com-
pounds Destruction by Dielectric Barrier Corona
Discharge, J. Adv. Oxid. Technol., 2(1), 248-256

Yamamoto, T., ].S. Chang, A.A. Berezin, H. Kohno, S. Honda,
and A. Shibuya (1996) Decomposition of Toluene,
O-xylene, Trichloroethylene, and their mixture
using BaTios; Packed Bed Reactor, J. Adv. oxidation
Technol., 1(1), 67-78.

J. KOSAE Vol. 19, No. 2(2003)



