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Physical-chemical characteristics and activity of the Pd-MnOx-catalyst, deposited on cordierite carrier, was studied in the CO oxidation
reaction. The results obtained on the catalyst Pd-MnOx-/Al-Si showed the similar activity in the CO oxidation reaction as in the case of the

Pd-MnOx/Ca0.2Al203 catalyst.
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INTRODUCTION

Manganese oxides are well-known as the highly efficient
catalysts of deep oxidation. The catalysts, prepared on their
basis, are used in the processes of gas purification and other
important chemical-technological processes.!* Manganese
oxides, together with copper and cobalt oxides, are
considered as possible replacement of platinum metals in
automobile catalysts for purification of exhaust gases from
CO, CHy, NOx*5 The catalysts, obtained by their
combination with the oxides of some metals of variable
valency and with the metals of platinum group (Pt, Pd) or
Ag, exhibit the mutual-promoting effect in the oxidation
reaction.®” Simultaneously they retain the high activity after
calcination over prolonged period at high temperatures. By
the use, in the technology of the catalysts of aluminium
oxide, of the carrier, preliminary modified by calcium oxide,
the Mn-Pd catalyst was elaborated available for oxidation of
CO and hydrocarbons of spent gases of the motor
transport.2® The mixed Mn-Pd catalysts (MPC-1),
containing the minimum amount of palladium (up to 0.05
wt. %), was successfully tested in the systems for
purification of spent gases of petrol engines and diesel
locomotives operating on diesel fuel .1

Comparison of texture characteristics and activity of the
Mn-Pd catalysts on calcium aluminate carrier (CaO.2Al,0s3,
CA;) of ShN-2M mark in the reaction of CO oxidation, the
sample with 4.0+5.0 wt. % of Mn+0.05 wt. % of Pd content
was proved to be the most active.® On the carrier, apart from
the phase of B-MnO;, the formation of the phase B-Mn,Osis
observed in nearly equal proportion. The addition of
palladium to the oxide-manganese catalyst leads to the
formation of new centers on the surface which are active in
the reaction of CO oxidation. The particles of palladium are
dispersed in the matrix of MnQ,, they don’t penetrate into
the depth of the pores.!? In accordance with Ref.® the
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addition of palladium and manganese to v-Al,Os,
hydrothermally treated even at the stage of impregnation
and calcination of the catalyst, leads to the interaction
between active components and carrier. As a result the
variation of valence state of the part of Mn?* and formation
of palladium complexes with y-Al,O3 takes place. Moreover,
the active components interact with each other which leads
to the shift of the equilibrium Mn*+e-<=Mn?* on the surface
in the direction of the formation of the ions of divalent
manganese and to the growth of palladium dispersity.

For  preparation of automobile catalysts, the
aluminosilicate  blocks with cellular structure'* are
intensively developed. Their specific surfaces, as a rule,
don’t exceed 1-2 m? g1. The results of manganese and
palladium deposition on the cordierite aluminosilicate
blocks (Mg,Fe).AliSisO1g) are presented and the results of
the study of their activity and physical-chemical properties
in the reaction of CO-oxidation are given.

EXPERIMENTAL PART

For laboratory testing, the manganese oxides used were
deposited on plates and ground particles (&1,5-2.0 mm) of
cordierite blocks via impregnation with aqueous solution of
manganese(ll) nitrate at various concentration of
impregnating solution, changing the temperature and
duration of impregnation. The Pd-MnO,/cordierite catalysts
were prepared by impregnation of the carriers prepared with
aqueous PdCI; solution. The samples prepared in this way
were dried at 80-100 °C then calcined in an electric furnace
at 350-450 °C for 2 h. The formed composites were treated
by 4-5 % solution of aqueous NH.OH, then dried and
calcined at 400 °C for 2 h.

Activity of the catalyst samples in the CO oxidation
reaction was determined in a flowing plant at laboratory
scale. Thermal analysis was performed on a STA-2500
device. ISM 65 LV scanning electron microscope was used
to study the morphology of the catalyst surface. Specific
surfaces of the samples were determined by application of
the automated system ASAP 2020.
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RESULTS AND DISCUSSION

SEM pictures of the surface components of catalyst Pd-
MnO,/cordierite at 1um of the layer depth could be seen in
Fig. 1. The oxides of Mn and Pd are distributed uniformly
on the cordierite surface. The dispersity of manganese oxide
particles comprises nearly 100 nm. X-Ray phase and
thermal analyses of the catalyst showed the presence of j3-
MnO, and B-MnyOs. Specific surface area of the

Pd—MnO./cordierite comprises 3.0-5.0 m? g* while the
specific surface of initial cordierite doesn’t exceed the value
of 0.5-0.7 m? g. The activities of the catalyst samples
before and after their treatment with aqueous ammonia in
the CO oxidation reaction are showed in Fig. 2.

Figure 1. Surface distribution of active components in the catalyst
Pd-MnOx/cordierite.

Before treatment by aqueous ammonia, the CO oxidation
reaction on the catalyst comprised 98-100% in the
temperature range from 205 °C to 210 °C. After treatment
by aqueous ammonia, the same degree of CO-oxidation
could be attained even at 175-180 °C. Similar promotion
effect of. aqueous ammonia treatment of Pd/CA, was
observed.®
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Figure 2. Dependence of Pd-MnOx/cordierite catalyst activity with
and without aqueous ammonia treatment on the temperature in the
CO oxidation (Geat = 1.0 g, composition of reaction mixture: 1.0
vol. % of CO+air, volume rate of the gas W= 15.10% h'%).
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The treatment of the catalyst by ammonia water can lead
to the formation of ammine-palladium complexes which can
decompose with formation of catalytically active palladium
black 167
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Figure 3. Curves of thermal analyses ( DTA and TG) of the
catalyst Pd-MnOx/cordierite treated with aqueous ammonia (a) and
without treatment of aqueous ammonia (b)

Comparison of the decomposition curves of Pd-
MnOs/cordierite catalyst with and without treatment by
aqueous ammonia, shows the exoeffect on the DTA curve at
the temperatures: 255 and 305 °C which is indicative of
the phase decomposition. This can only be observed in
the aqueous ammonia treated sample.

CONCLUSIONS

Activity of the Pd-MnOx/cordierite catalyst is similar with
the activity of Pd-MnOx/Ca0.2Al:0z catalyts in the CO
oxidation reaction. Treatment of catalyst with aqueous
ammonia has positive influence on the completion of the
active surface species of the catalyst and reduces the
temperature needs for total oxidation of carbon monoxide.
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