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The oxidation kinetics of BTX were studied on a platinum catalyst at temperature ranging
from 200 to 350°C. An approach based on the two-stage redox model was used to analy the
results. The conversion of BTX were increased as the inlet concentration rate decreased and
the reaction temperature was increased. Toluene and m~-xylene have lower conversion rates
than benzene. In the oxidation of toluene and m-xylene, e.g., it is known from kinetics
investigation that the rate-determining step is a hydrogen abstraction from the methyl group.
The maximum deep conversion rate of benzene, toluene and m-xylene were 95.81%, 72.20%
and 65.70% at 3507C, respectively.

A simple multicomponent model based on two-stage redox rate model made reasonably
good predictions of conversion over the range of parameters studied. The kinetic parameters
of multicomponent model were independently evaluated from the single compound oxidation
experiments. Conversions of toluene and m-xylene were inhibited by benzene. The reaction
model reveals that there is a competition between the two reactants for the oxidized catalyst.
Benzene competes more effectively for the oxidized site and is thus oxidized more rapidly.

Key words : Catalytic Decomposition Kinetics, BTX Mixture, Platinum Catalyst Two-Stage
Redox Rate Model
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1. Air cylinder 8. Catalytic reactor
2. BTX reservoir 9. Metering valve
3. Liquid pump 10. Cold trap
4. Mass flowmeter 11. Refrigerated bath
5. Mass flowmeter controller 12. Wet gas meter
6. Premixing column 13. Gas chromatography
7. Convection oven
Fig. 1. Catalytic incineration apparatus of gaseous
VOCs.
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Table 1. Two Stage Redox Rate Equation 180 210 240 270 300 330 360 390
Parameters. Temperature [°C]
VOCs ko K Fig. 4. ffect of mixture on conversion of benzene
‘ and toluene.
Benzene  1.069% 10 ‘expl- 3795/RT] 5,565 10 %expl-22582/R T}
Toluene  8041x10% expl- 3950/RT]  3477x 10expl-47862/RT] BTX ol &) = sl AAYEE e

m-Xylene 1.393%10™ expl- 7192/RT} 3.221x 10%expl~36903/RT]

0, + [reduced catalyst], —2— oxidized catalyst (11)
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Fig. 5. Effect of mixture on conversion of
benzene and m-xylene.
BTX; + oxidized catalyst —<2 [reduced catalyst], + products ( 12)

O + [reduced catalyst], ke xidized catalyst (13)

A7IM 6% 6,F 4 Ve %Y Bg

g sH 9 HMAURE tew e Aow
£HE gl
71 = RiCrrxi(1— 61— 0;) = 7,k,,C0,0, (14
Yo = k2CBTX2(1_51“‘ Gy = 72k02c0262 15)
4 (14,0594 6,3 6,8 Xgsted Z@ o
HRANA 2 f7180e] RS e ol
e % gl
kol Co,C
= a”1Co, BTth (16)
ky Co,+ 1k Cprxy + 71( o )kchsz
k2% Co,Chrrx
= 2 (17
72 I SOy |,./k02\Ln

T 72l T V2 % #1CBTX1
o0l

o1
o

80

O 200ppmv of Toluene

0O 300ppmv of Toluene
60 L ®  100ppmv of Toluene in Mixture

®  150ppmv of Toluene in Mixture O
40 -

o it

ey
S
e L2
[=) .
7] o l i ! ! I | 1 i |
‘§ 180 200 220 240 260 280 300 320 340 360 380 400
§ 9
o @] 2()0nnmv of Xvlene
& 5L B 300ppmv of Xylene
8 T ®  100ppmv of Xylene in Mixture
®  [50ppmv of Xylene in Mixture
60
45 -

180 210 240 270 300 330 360 390
Temperature [°C]

Fig. 6. Effect of mixture on conversion of

toluene and m-xylene.
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Fig. 7. Parity plot comparing the experimentally
measured conversion of binary BTX
mixture.
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Co, * oxygen concentration/mol%]

Cprxy ' BTX concentration|mol/cm’]

C%rx  inlet concentrations of BTX[mol/cm’]

2 : surface reduction rate constant for
species ilem’/g-sec]

k,; . surface reoxidation rate constant for
species ilem’/g-sec]

R gas constant(8.314 J/mol'K)

7; ' rate of oxidation of species I [mol/gsec]

w  catalyst weight(g]

X  deep conversion of BTX

X, ' predicted conversion

Greek

& : -the fraction of oxidized catalyst at any
time

y; : the stoichiometric coefficient of oxygen in
the overall reaction

T . the space time
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