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ABSTRACT

Alumina and alumina-silica supported copper-chromium and cobalt chromium oxides were investigated as cata-

Iysts for complete oxidation of methyl-ehyl-ketone and toluene. It was found the spinel phases formed to play a decisive

role in the catalytic process. The nature of the support does not affect substantially on the activity of the samples.
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INTRODUCTION

The purification of harmful organic substances
from waste gases is important task in respect to envi-
ronmental protection [1]. The main problem of this to
synthesize catalysts, active even at low temperatures and
low concentrations of the harmful component.

Irrespective to the large number of publications
on this topic the investigations continue in respect to
optimization of the processes of complete oxidation of
harmful organic substances. In some papers was found
[2-5] that alumina supported copper-chromium and
cobalt-chromium oxides are efficient towards the com-
plete oxidation of carbon monoxide and benzene.

It was of interest to determine the activity of the
prepared catalysts towards harmful organic compounds.
The aim of the present study is to investigate the cata-
lytic activity in complete oxidation of methyl-ethyl-ke-
tone and toluene by molecular oxygen.

EXPERIMENTAL

Metal oxide copper-chromium and cobalt-chro-
mium systems supported on two supports (y-Al,O, and
v-Al,O,+20 % SiO,) were prepared as described in [3].

According to the method the precursor was de-
posited on the support by successive impregnation of
the latter with tartaric acid solution and mixed solu-
tions of the corresponding metal nitrates. The supported
precursors were dried in vacuum at 90°C for 24 h and
then calcined at 650°C for 12 h.

The samples denoted as C1- CuCr/y-ALQO,, C2-
CoCr/y-ALQ,, C3- CuCr/y-AL,0,+20 % SiO,and C4-
CoCr/y-Al,0,+20 % SiO, were prepared.

The metal content in the samples was determined
by chemical analysis. The specific surface areas of the
samples investigated were measured by the BET method.

The catalytic activity of the samples was mea-
sured with respect to the complete oxidation of methyl-
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ethyl-ketone and toluene with oxygen. The experi-
ments were carried out in a flow reactor, with a

catalyst volume of 0.6 cm? (0.4-0.5 g), a space ve- o
locity of 50 000 h!, and concentrations of hydro-
carbons of 0.035 vol. % in oxygen. 80

The inlet and outlet gas mixtures were
analyzed by a gas-chromatograph CHROM-4 with
a FID detector. The CO, content was determined ¥ 60
by an infrared analyzer Infralyt 2106. §

TPR measurements were carried out with §
a thermal conductivity cell [6] by determination % 40
of the hydrogen consumption from a flowing gas o
mixture, containing 10 % hydrogen in argon. The -~
gas flow rate was 6 cm?®. s-!. The heating was lin-
ear with 10 K. min™ rate.

0

RESULTSAND DISCUSSION

Table 1 presents the data for the metal
content and the specific surface area of the inves-
tigated samples.

The total concentration of the metals in
the samples follows the ratio between mass. %
Cu/Co and the chromium as nearly 4:1. The specific
surface area of the supported samples remains relatively
high- the metal oxide phases do not stop the pores of
the two kinds of the support. The presence of silica in
the support of the samples C3 and C4 does not change
the specific surface are of the samples substantially.

XRD spectra of the calcined samples revealed that
CuO, CuCr,0, and Cu,Cr,0, are present on the copper-
chromium supported catalysts while solid solutions of
Co,0, with CoCr,O,- on cobalt-chromium catalysts.

Fig. 1 and Fig. 2 show the results from the catalytic
experiments. All samples manifest higher activity towards
the complete oxidation of methyl-ethyl ketone (MEK) than

Table 1. Characteristics of investigated samples.
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Fig. 1. Dependence of the conversion degree of alumina- supported samples
towards MEK and toluene on the temperature.

those of toluene. All samples are active up to 300°C for
the oxidation of MEK and up to 400°C for toluene.

The presence of higher oxygen content does not
affect the efficiency. The copper-containing catalysts are
slightly more active than the cobalt—chromium supported
catalysts and the catalysts supported on a pure y-Al,O,
are more active than those supported on a mixed y-
AlO,+20 % SiO, support.

Table 2 shows the data concerning the “light off”
temperatures of the investigated samples in both pro-
cesses. The difference between the activity of the cop-
per and cobalt containing samples is 10°C.

Substantial differences show the catalysts towards
the two reactions- complete oxidation of methyl-ethyl

Sample Metal content, mass. % S, Phase composition
Copper [ Cobalt [ Chromium | m*g*

C1-CuCr/y-Al,O3 7.4 - 18 167 Cuo, CuCr,0,,
Cu,Cr,0,

C2-CoCr/y-Al,O; - 7.2 2.1 175 C050,, CoCr04

C3-CuCr/y-Al,03+20% SiO, 7.3 - 19 155 CuO, CuCr,0,,
CU2Cr204

C4-CoCrly-Al,04+20% SiO, - 7.2 2.0 140 C050,, CoCr;,04
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Table 2. “Light off” temperatures of the investigated samples in both reactions.

Sample methyl-ethyl ketone toluene
C 1-CuCr/y-A | 203 244 323
C2-CoCr/y-Al,03+20% SIO, 246 325
C3-CuCr/y-Al,0, 255 342
C4-CoCr/y-Al,03+20% SIO, 256 344
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Fig. 2. Dependence of the conversion degree of alumina-silica
supported samples towards MEK and toluene on the temperature.

ketone and toluene. Obviously, the presence of aromatic
nucleus hinders the complete oxidation of toluene and
the complete oxidation of toluene occurs at tempera-
tures with merely hundred degrees higher. The differ-
ence between copper and cobalt containing catalysts is
negligible.

It is known, that the reactions of the complete
oxidation on oxide catalysts proceed through oxida-
tion-reduction mechanism. It is important condition
for this mechanism the presence of metal couples in a
different oxidation state that could be oxidized or re-
duced so that to be realized the reaction. These metal
ions in various oxidation states form catalytic active
sites mentioned earlier as catalytic active complex. In
this case the oxidation-reduction mechanism in the
complete oxidation of organic substances is facilitated
by this complex and the catalysts show high activity at
low temperatures. This was proved in some reactions
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Fig. 3 TPR spectra of alumina supported Cu-Cr and Co-Cr samples.

with spinel catalysts as CuCo,0, [7], CuMn,O, [8],
MnCo,0, and CoMn,O, [9] and spinel-like catalysts
of type Cu, Mn O, [10].

In order to elucidate the role of the reducibil-
ity of the investigated catalysts TPR experiments were
made. The results for samples C1-CuCr/y-Al,O, and
C2-CoCr/y-AlQO, are given in Fig.3. The curves for
alumina-silica supported respective samples are
analogous. It is evident, that up to 200°C the proper-
ties of the samples are different. For C1-CuCr/y-AlO,
one peak appears with T =170°C and above 300°C
monotonously increases. With the sample C2-CoCr/
v-AlLO, a reduction is observed only above 300°C.
The consumption of hydrogen with this sample is
lower. The phase analysis of the samples show the
presence of the single oxide phases of CuO and Co,0O,
on copper and cobalt supported catalysts, respectively.
It is known that CuO is relatively easy reducible and
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that is why we consider the low temperature peak for
C1-CuCr/y-AL O, in TPR spectra with T __=170°C
to be connected with it. The presence of the single
oxide phases does not influence substantially on the
activity of the investigated samples as the difference
between copper and cobalt supported catalysts have
comparable activity. Thus, the activity is mainly de-
termined by the spinel phases formed — CuCr,0O, and
CoCr,0,.

CONCLUSIONS

The results reported above show that the oxide
catalysts based on couples Cu-Cr and Co-Cr supported
on alumina and silica-alumina have relatively high cata-
lytic activity in reactions of complete oxidation of MEK
and toluene. This activity is determined by the spinel
phase formation and the presence of couples of transi-
tion metal ions in different oxidation states.
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