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Activation energies of chemical oscillations were determined in the reaction of methanol oxidation on ] .
a Pd catalyst. The maximum temperature oscillations depend on the concentration of the reactants. The 2ln T\,I -

obtained results are discussed.
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INTRODUCTION

Heterogeneous catalytic reactions in solid-gas
systems provide a variety of non-linear dynamic
features because any heterogeneous catalytic
reaction represents a non-equilibrium system. These
chemical reactions exhibit complex temporal
behavior such as instabilities, chemical waves,
oscillations, or chaos.! The observed temporal
behaviors depend not only upon the properties of
local oscillations on each level but also upon the
strength and nature of the coupling between them.
The global oscillations observed require a coupling
of a large number of oscillations in a microscopic
state. These behaviors can be obtained and observed
on various levels of heterogeneous catalytic
systems.??

The temperature oscillations observed during the
oxidation of methanol on a Pd catalyst were
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registered and considered like a non-isothermal
process in which the necessary energy for
oscillations was brought not from outside, but from
inside, by the exothermic process of oxidation. Due
to the exponential dependence of the rate constants
on temperature, the nonisothermal conditions of the
reaction can be expected to have a strong influence
on the dynamic properties of those reaction systems
and generate oscillatory behavior.

Any realistic system requires a large number of
variables for its full description, but, due to a
separation of time and length scales, only a few of
these many degrees of freedom are really important
for the dynamics of the system. Sometimes even
only two variables are sufficient.

In this paper, the activation energy of the
catalytic oxidation of methanol on a Pd catalyst is
determined for the observed oscillations.
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EXPERIMENTAL

The temperature difference between the catalyst
sample and the gaseous mixture was measured in a
dynamic calorimeter, the experimental installation
being presented previously.1® The used catalyst was
a Bayer on Pd/LiAlsOs placed on a silver plate
connected to a thermocouple, the combustion of
methanol being continuously registered beginning
with 25°C. The oxygen flow rate was between 1.3 and
15.0 mL/min. The analysis of products was performed
using a Carlo Erba gas chromatograph.
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RESULTS AND DISCUSSION

One period of a temperature oscillation has a
minimum point where the oscillation starts, Tmin,
which is, at the same time, the temperature of the
ignition reaction, Tig. The period of oscillation can
be characterized by many events: the diffusion of
the reactant of or in the catalyst, the adsorption on
the surface, the reaction of reactants on or inside the
surface, and desorption.
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Fig. 1 — Temperature oscillations in catalyst bed (Pd/LiAlsOs) vs. oxygen content in the feed
(Tr = 80°C, 20 mg catalyst, methanol: 5%).1?

In the case of the maximum temperature, the
activation energy of oscillation was calculated with
the formula (1):

2InT,, = RAE

1)

M

where

5.0

AE = Ecoz + EHZO _(EAIC + Eoz) 2

and
TM = Tmax _Tmin ©)
and the values obtained are presented in Fig. 2.

When the oscillations are finished, the activation
energy decreases.
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Fig. 2 — Values of activation energy obtained from equation (1).

The different values of AE obtained in this non-
isothermal oscillation process demonstrate the
importance of the reaction conditions. This could be
an explanation for the different activation energies
obtained in oscillatory reactions with the same type
of reactants.

The processes involved on the surface of active
Pd crystals are the adsorption of reactants, methanol
and oxygen, their reaction on the surface and the
desorption of products, in this case CO, and H.O.

The catalyst can also be in oxidation reaction
cycles or reconstruction induced by the adsorbates.
Important also is the slow formation and removal of
oxygen or reactants both being under or on the
surface.

The methanol adsorption on Pd takes place in the
manner known for C1-C4 alcohols on platinum
metal.” In the high-temperature range, the heated Pd
clusters became covered by oxygen, leading to a
slow Pd oxidation.®>1* At the same time methanol is
adsorbed on the surface and the temperature
decreases reaching its low-temperature stage. In
these conditions, the reaction reaches its condition
to start the methanol oxidation to CO; and H,0. The
surface concentration of methanol and oxygen
diminishes and the oxidized Pd is reduced to Pd°.
Because the temperature increases during this stage
and the high-temperature stage is reached again. A
new oscillation can start.12

The model presented represents a non-
isothermal blocking-reaction mechanism assuming
a Langmuir-Hinshelwood reaction kinetic. The
driving force of this reaction is a process of blocking
(oxidation)-reactivating (reduction) of this catalytic
reaction. Modification of the nature and local

distribution of the surface adsorbed species and
surface defects produces the observed oscillation.

CONCLUSION

The activation energy values of the catalytic
oxidation of methanol on Pd-supported oxides were
determined in an oscillatory regime. While the
concentration of methanol was kept constant, the
temperature of oscillations depended on the
concentration of oxygen.
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