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EVALUATION OF SORPTION AND STORAGE CHARACTERISTICS
OF OXIDATION CATALYSTS WITH DYNAMIC EXPERIMENTS

Antonello A. Barresi, Marco Cittadini and G. Baldi

Dip. Scienza dei Materiali e Ingegneria Chimica, Politecnico di Torino
Corso Duca degli Abruzzi 24, 10129 Torino, Italy; e-mail: barresi@polchil.polito.it

Abstract - The use of dynamic experiments is useful not only for the investigation of the
intrinsic kinetics, but also for the evaluation of the sorption characteristics of the catalysts, and
for their quick evaluation and comparison, especially for nonsteady-state applications. In this
work the method will be applied to a catalyst for complete oxidation of VOCs, using a step
change in the feed concentration of combustible and oxygen.

Introduction

The catalytic oxidation of organic compounds is nowadays a very important technology for
the control of industrial emissions: in comparison with the thermal oxidation, it offers lower
operating costs and a smaller environmental impact. For the treatment of very lean emissions, the
employment of forced nonstationary burners with regenerative heat recovery sections is very
promising, because by this way it is possible to treat autothermally also waste gases for which the
adiabatic temperature rise is only 10-30 K (Eigenberger and Nieken, 1994; Matros, 1985; Matros
and Bunimovich, 1996).

For the design and optimisation of this type of devices (burners with periodical flow reversal,
network of bumers with variable feed position) in some cases may be important to know the
kinetic expression in nonmstationary condition; certainly it is always necessary to evaluate the
sorption characteristics of the catalyst, both for a screening or a comparison of the catalysts that
have to be employed and for an optimisation of the operative conditions.

Another application where it is important to evaluate quickly and simply the sorption
characteristics of the catalyst is the treatment of the automotive exhausts: in fact, in this case the
composition of the gases that have to be treated changes with an high frequency.

A technique based on the continuous monitoring of the response of the catalytic burner to 2
step change in the concentration either of the orgamic pollutants or of the oxygen has been
recently set up at Politecnico di Torino, and has been applied to the complete oxidation of VOCs
over commercial catalysts.

In recent years a similar technique has been employed to investigate the intrinsic kinetics of
deep oxidation reactions, and has been shown to be able to evidence cases of self-nhibition and
changes in the apparent kinetic law (Barresi ef al., 1995; 1996).

* In this work the complete oxidation of different aromatic compounds will be considered as an
example of application, measuring the sorption capacity of a platinum based catalyst for oxygen
and organic compounds in different conditions of concentration and temperature. It will be
shown that by this way it is possible to obtain also some information on the nature of the
adsorbed layer (reversible or irreversible adsorption).
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Experimental apparatus
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The bench scale reactor is shown in Figure 1. The inlet gas can be air, nitrogen or a synthetic
mixture of nitrogen and oxygen: it is also possible to switch from one gas to the other by means
of a valve. The inlet flow (air, N5, or N,/O,) is divided into two branches having the same flow
rate: in one of them the hydrocarbon is vaporised at a controlled rate. The two branches
converge to a four-way valve, through which it is possible to create a step in the concentration of
the VOC just before the reactor. A Pt-based catalyst supported over a monolith (VOC Catalyst,
by Engelhard) has been adopted. The temperature of the imlet flow is controlled, using a
thermocouple as a measuring device; the reactor can be assumed adiabatic.

Figure 1. Experimental apparatus.

The VOCs mvestigated
are toluene, ethylbenzene,
xylene and styrene.

The reactor outlet is
analysed on line using an
mfrared photometer (IR) and
a flame ionisation detector
(FID) for the measure of the
concentration of CO, and
hydrocarbon respectively.
The outlet signal is sampled
wit a 4 Hz frequency and the
data are stored using a PC;
the transfer function of the
photometer has been
evaluated, and the measured
CO, response has been
deconvolved to obtain the
real instantaneous value. A

gaschromatograph is used for the measurement of the steady-state concentration.

The different types of dynamic experiments
performed are summarised in Table 1. The
symbol "=>" indicates the step change from the
flow on the left to the one on the right. Both
direct and reverse step were tested; the
response to a reverse step resulted in more
reliable results. Trough these tests, it is
possible to determine the sorption capacity of
the catalyst in reactive and not reactive
conditions, the irreversible component of the
sorption, the importance of self-inhibition
effects, and other interesting data.

Results and discussion

Table - Summary of dynamic
experiments performed.
I N, + VOC <Ny
1 Air + VOC < Air
m Ny + VOC => Ny = Air
v Air + VOC & Ny
\ Ny + VOC <> Air

Type 1 ekperiments allow to evaluate the amount of hydrocarbon that is adsorbed in non-
reactive conditions. In Figure 2 the desorption curves observed after a stop in the hydrocarbon
feed are shown. The curves are made dimensionless by dividing the outlet concentration by the
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steady state concentration in the feed before the stop: in the range investigated (200 - 3000 ppm)
the adsorption is linear with the gas phase concentration. The blank response, obtained with a
non-adsorbable species (CO,), is also shown; it differs from a perfect step due to dispersion
effects in the line and non ideality of the inlet signal. In a reverse step experiment the quantity of
hydrocarbon reversibly adsorbed can be evaluated from the area between the hydrocarbon
response curve and the blank curve. The values are shown in Figure 3: the data have been divided
by the inlet VOC concentration to take into account small variations in the initial concentration.
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Figure 2. Dimensionless response curves for a stop Figure 3. Comparison of the (reversible) sorption
in the VOC concentration; C, about 500 ppm capacity for the tested VOCs.
(T1 = toluene, Et = ethylbenzene; St = styrene,
X1 = o-xylene). Detector FID.
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Figure 4. Comparison between the curve of Figure 5. Adsorption of toluene in reactive
desorption of the hydrocarbon and the curve of conditions (II). A: adsorbed hydrocarbon that
formation of CO,. reacts; B: adsorbed hydrocarbon that desorbs;

.C: total adsorbed hydrocarbon.

" The amount of VOC irreversibly adsorbed can be easily estimated with the type II
experiments (introduction of air after the desorption of the VOC reversibly adsorbed is
complete), by integrating the curve of CO, formation. .

The tests in reactive conditions are similar, but it is necessary to record both the desorption
of the VOC (FID) and the formation of CO, (IR) after the step. An example of the type I
experiments is shown in Figure 4. The evolution of CO, indicates a strong self-inhibition
effect. By this way it is possible to estimate the total amount of VOC adsorbed, as the sum of
the amount that reacts and that desorbs: Figure 5 shows the values obtained for toluene. It is
important to point out that the total amount evaluated in this way is equal to the sum of the
amount reversibly adsorbed in non reactive condition and of that irreversibly adsorbed
(evaluated from type I and type III experiments).
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The direct measurement of the oxygen evolution would require the use of a mass
spectrometer on-line; but with the type IV and V experiments it is possible to indirectly
estimate the amount of oxygen adsorbed; the shape of the response curve can also give
mformation on the competitive adsorption of VOC and oxygen. For the catalyst considered in
this work the quantity of adsorbed O; is strongly lower than that of hydrocarbon; with type
IV experiments the oxygen adsorbed (less the amount that desorbs before reaction) can be
evaluated from the CO, evolution curve.

Conclusions

Our work proposes a simple and rapid method to evaluate the characteristics of commercial
oxidation catalysts. Through dynamic experiments, that takes just few minutes each, there is the
possibility to measure sorption capacities, strength and reversibility of bonds, possible self-
mhibition effects. In this way, a sample of catalyst can be tested for many compounds in several
different conditions, in a relatively short time. These data will be very useful to predict the
performances of the catalyst in an unsteady-state reactor.
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