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Abstract

Destruction process of toluene using a wire—cylindrical DBD (Dielectric Barrier Discharge) reactor packed with

catalysts was investigated to characterize the synergetic effects of non—thermal plasma and catalyst process. The

catalysts used in the present study were y-AlLO3 and Pt/y—Al:Os. Under the numerous test conditions, specific
energy density (SED (J/L)) and the conversion of toluene, defined as (1-[Ct]/[Ci]), were measured. The test results
showed that toluene decomposition efficiency followed the pseudo-first order in the case of plasma only process.

The pseudo-first order process, however, was modified to pseudo-zeroth order reaction in the case of catalyst-

assisted plasma process. This modification of the reaction order was verified based on a simple kinetic model
proposed in the present study. Owing to the modification of reaction order, which resulted from the catalytic
process, the specific energy to achieve the high removal efficiencies, i.e. 80 ~90%, was reduced significantly.
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Fig. 3. Variation of concentration (C7Hs, CO;, CO) to time.
[Packed with y- AlOs, under room temp.].
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Appendix

With Catalytic, Plasma Reaction Kinetics

¥ Assumption
T Organic molecule S reacts with R (radical, electron, ion,
etc.) : st step reaction

S + R—P (Products)

2, Production rate of R
: E
0=a

. . R,

where, q = radical production coeff. N

. .
E =specific energy density T
T=retention time

3 R destruction occurs
a. by collision with carrier gas.
b. by reaction with S.
c. by reaction with products of S.

@ Amount of organic molecule S is much more abundant than
that of R due to adsorption of S on the catalyst. Therefore,
dS/dt doesn’t depend upon the concentration of S.

% Derivation

S+ R— P (Products)

ds

a9 1
a k'R ®

ds . .
where, 0<r<rt, =i s independent on S.

drR R

L0 — kR

dt TR

~‘[11—1;— is independent on S.

— 0 therefore,

dR
In Eq. & w<rT, T
: 1 . E
=R{—+k), =g—
0=R(+k). O=a-
By substitution and rearrangement,
qE
R=——"" > applytoaEq.D
(' +k) PPy d

ds , qE

dt 7 (T k)

If Eq. 3 is integrated fromt=0tot=7

gE
st f T(TR T(w k) a

So-Sym ks 9B L GE
T(w k) kD

qE . kite '+

Si=So=————— letting, =
ket 1 g B q
E St E
then, S;—So=—— — =1-=
B So B
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