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INTRODUCTION

Over the last decade, it has been shown that active carbons
alone can act as efficient catalysts in catalytic wet air oxidation
of non-biodegradable pollutants, such as phenol and phenolic
compounds. Compared to most of the recently developed noble
metal or metal oxide based catalysts, a commercial active carbon
tested in a laboratory trickle bed reactor has demonstrated a
similar or even better and stable activity for the catalytic wet
air oxidation of phenol. The catalytic wet air oxidation of
bio-toxic pollutants over active carbon becomes especially
attractive for sequential adsorption-oxidation cycles or biolo-
gical end-treatments. These combined processes generally
perform a superior cleaning effectiveness compared to single
step oxidation and avoid the need of complete organic pollutant
mineralization in the catalytic wet air oxidation step. However,
the knowledge of the intermediate distribution and its related
biodegradability, which can be obtained from respirometry
tests or ISO-standard is of relevance for the correct set-up of
such combined chemical-biological treatment. Because of the
importance of catalytic wet air oxidation and active carbon
for the remediation of bio-toxic pollutants, the assessment of
reliable kinetics (including intermediates) is required for the
proper design, scale up and operation of catalytic wet air oxida-
tion units. Batch oxidation studies of phenol over active carbon
are very scarce and only phenol degradation has been consi-
dered. In case of phenolic compounds that show a high poly-
merization potential, liquid phase condensation reactions
become important and fast deactivation of catalysts has been
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methyl orange wastewater on Fe-Co activated carbon was investigated. The results indicate the catalytic wet air oxidation could be
described using the first order kinetics, which was fitted well with the experimental data. It had a significant impact on the degradation rate

-
Catalyst was prepared by the impregnation method using Fe-Co as active component, activated carbon as carrier. The sorption kinetics of |
that the dye of active component and the initial C10, concentration. Moreover, the lower activation energy of shows the reaction can be I
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observed in batch oxidation, most likely due to the irreversible
deposition of condensation products on the catalyst surface.
Alternatively, a liquid full fixed-bed reactor with oxygen
pre-saturated liquid feed has been operated at conversions
smaller than 10 % to avoid oxygen depletion. For phenol conver-
sions of this magnitude, the progress of intermediate oxidation,
however, cannot be satisfactorily monitored. To overcome this
drawback, oxidation of phenol over active carbon has been
studied in an integral fixed-bed reactor under reaction control
and stable catalyst activity. Again, these works have only consi-
dered the destruction kinetics of phenol and lumped interme-
diates as COD or TOC.

The intermediate distribution and reaction pathway of
phenol oxidation over active carbon or Fe active carbon has
been studied conducting independent oxidation experiments.
On the other hand, the detailed description of intermediate
distribution is currently not reflected in the related kinetic
modeling. Thus, this work focuses on advanced kinetic
modeling to contrast the available experimental information
of the oxidation route. The main difficulty in complex reaction
systems is to obtain the numerous kinetic parameters involved.

EXPERIMENTAL

Preparation of catalysts: Active carbon was selected for
a supported catalyst for this project, which has soaked for 4 h
and then washed to remove all impurities. It was then dried
overnight at 110 °C. Then different concentrations of mixtures
were used to soak active carbon for 24 h, filtered, putting in
drying oven at 100 °C for 2 h and roasted.
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Catalytic wet air oxidation experiments: Catalytic wet
air oxidation experiments are carried out at laboratory scale
by first 50 mL methyl orange wastewater put into a 250 mL
conical flask, then different constant concentration C1O, (0.12-
0.96 g/L) and Fe-Co activated carbon (40-100 g/L) mixed
solution was added in the conical flask.

RESULTS AND DISCUSSION

Catalyst load effect: Fig. 1 showed that when higher clay
does is used the methyl orange degradation is obvious. This
increment in the degradation occurs because when the amount
of pillared clay catalyst increases, more HO® species are
produced and are thus available for the oxidation reaction.
After 90 min of reaction, the concentration of methyl orange
decreases from 485.45 mg/L down to less than 1 mg/L when
the catalyst concentration is raised from 40 to 100 mg/L.
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Fig. 1. Effect of catalyst adding amount on degradation of methyl orange
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ClO; concentration effect: In the wet air oxidation
process, the oxidant concentration is a key factor that can
significantly influence the organics degradation. Because the
concentration effect ClO, concentration is directly related to
the number of hydroxyl radicals generated and thus to the
performance achieved (Fig. 2).
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Fig. 2. Effect of initial C1O;, concentration on degradation of methyl orange

The results obtained show a similar behaviour in term o
dye degradation for the intermediate ClO, concentration,
whereas the reaction goes by more slowly when the concen-
tration is lower and faster when the concentration is higher.
The crease of the oxidant concentration lead, to an increase in
the reaction rate as expected, because more radicals will be
formed.

Temperature effect: The results obtained for the methyl
orange degradation at four different temperatures are shown
in Fig. 3. It is evident that the concentration of methyl orange
declines and the oxidation reaction accelerates when increasing
the temperature, which was expected due to the exponential
dependency of kinetic constants with the temperature.
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Fig 3. Effect of temperature on degradation of methyl orange

The performances of removal of methyl orange achieved
at 25 °C might be considered satisfactory. Although the process
is not as fast as at higher temperatures. Taking into account
that a lower temperature might reduce the process costs, 25 °C
was the temperature chosen to carry out the following runs,
where the other parameters were changed.

Kinetic model: The mass balance in a slurry batch reactor
yields:
= ke ()

dt

where C represents the concentration of methyl orange, K is
the reaction rate which Fe-Co and ClO, reacts in some tempe-
rature. The symbol t and n stands for reaction time and reaction
order, respectively.

According to kinetic studies, the catalytic wet air oxida-
tion is a first-order reaction. So the eqn. 1 can be used in the

following form:
C
In| — |=-Kt
(CO ] @

when t = 0, the concentration of methyl orange is Co = 485.45
mg/L and the concentration of Fe-Co is F = Fy mg/L. The K
can also show as following:

K =K, [FI§[CIO, I} 3)

The kinetic equation expressed in term of the eqn. 2 and
eqn. 3 is following:

C , AE
ln(c—o] =-k exp[ﬁj[F]g x[ClO, ]8t 4)

To solve P, reaction rate equation K of methyl orange must
be first obtained based on Fig. 1 that a linear fitting to the
In(C/Cp)-t curve was carried out, then it is obtained that the
plots of In K versus In [F] are given a straight line with the line
with the slope, from these data it can calculate the p = 0.5033.
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To solve g, take logarithm value of K as X-axis, loga-
rithm value of the concentration of ClO, as Y-axis, the slope
of straight line was q = 0.2273.

To solve AE and k', take logarithm value of K as X-axis,
reciprocal value of T as Y-axis, the slope of straight line was q
= 0.2273 and the intercept of straight line was k' = 0.28.

So, dynamical model on the degradation of metyl orange
by catalytic wet air oxidation was following:

C 10347.60 0.5033 0.2273
—In| — [=0.28exp| ——— F X[CIO t
(Coj p[ RT j[ 1o [C1O, ] ©)

Conclusion

The catalytic wet oxidation using Fe-Co activated carbon
as catalyst is a promising technique for the treatment of these
types of wastewater; activated carbon is quite active in both
the oxidation and mineralization of this wastewater. It is chemi-
cally stable during long periods of time, on streams at the
operational conditions used in this work.

It was possible to establish simple kinetic laws that
appear to be in satisfactory agreement with the experimental
rats observed. The order with respect to the dye of active com-
ponent and the initial C1O, concentration was found to be one
in all cases. This study reports these elements order depen-
dence on degradation rate. The dye of active component was
more important than initial ClO, concentration. So if the dye
of active component was optimal, the degradation rate was
better.
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