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Ambient temperature CO oxidation using copper manganese oxide
catalysts prepared by coprecipitation: effect of ageing on catalyst
performance
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Copper manganese oxides are prepared using a coprecipitation procedure and studied for the oxidation of CO at ambient tem-
perature. In particular, the effect of the ageing time, i.e. the time that the precipitate remains in contact with the precipitating medi-
um, is investigated. It is shown that this parameter is of crucial importance in controlling the catalytic performance and that
catalysts which are aged for <30 min or >>300 min give the best performance. Preliminary characterisation using powder X-ray dif-
fraction indicates that a combination between CuO and copper manganese oxide may be responsible for the enhanced activity
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observed with these samples.
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1. Introduction

Mixed oxide catalyst precursors containing copper
are typically prepared using the coprecipitation proce-
dure in which suitable metal salts, typically the nitrates,
are premixed and then a precursor is precipitated using
sodium carbonate. This process has been well studied in
the case of the CuOQ/ZnO/Al,O; precursor for the
methanol synthesis catalyst [1]. In this case a complex
mixture of hydroxy carbonates is formed as the precipi-
tate which on subsequent calcination forms the mixed
oxide precursor [2,3]. Recently, there has been consider-
able interest in this precipitation process [4] and it is
known that an important controlling parameter with
respect to the activity of the final catalyst is the ageing
time of the precipitate in the precipitation medium [3].
During this ageing process the initial hydroxy carbonate
species formed gradually crystallise and the subsequent
catalytic performance can be correlated to the nature of
the phases that are formed [3]. Although the effect of
ageing has been studied in this one well researched exam-
ple other copper catalysts of commercial importance
have not been studied. The oxidation of CO at ambient
temperatures over amorphous manganese oxide pro-
moted with transition metals has long been established
[5,6]. The mixed copper manganese oxide in the form of
hopcalite, CuMn, Oy, is used as a catalyst for the oxida-
tion of CO at ambient temperature and is important in
respiratory protection, particularly in the mining indus-
try. The low temperature oxidation of CO has received
renewed attention since Haruta et al. [7] demonstrated
that supported Au catalysts could be active at subambi-
ent temperatures. Hopcalite, however, is still the catalyst

©J.C. Baltzer AG, Science Publishers

of choice for respiratory protection. Recently, detailed
characterisation studies of copper-manganese, cobalt—
manganese and high surface area cobalt-copper-man-
ganese systems using X-ray diffraction, X-ray absorp-
tion and electron microscopy have been correlated with
the catalytic activity of these systems [8]. Other aspects
of the hopcalite catalyst have been studied and these
include the mechanism of deactivation [9], the effect of
surface enrichment of Cu and Mn [10], in addition to
being used as a model system for the design of oxidation
catalysts [11]. The effect of precipitate ageing has not
been addressed in these previous studies. In this paper
we present our initial results concerning the effect of age-
ing in the coprecipitation preparation method and
demonstrate that this is an important factor influencing
activity for this catalyst system.

2. Experimental

Catalyst preparation. Catalysts were prepared using a
coprecipitation procedure. Aqueous solutions of
Cu(NO;),:3H,0 (0.25 mol/¢£) and Mn(NO,),-6H,0
(0.25 mol/¥¢) were mixed in a 1 : 2 ratio and the mixed
solution was heated to 80°C." Aqueous NayCO;
(0.25 mol/#) was added to the mixed nitrate solution
with stirring while the temperature was maintained at
80°C until pH = 8.9 was achieved. This procedure took
approximately 10 min to complete. The resulting preci-
pitate was then left in this medium (80°C, pH
= 8.9 £ 0.1) for times ranging from 0 to 12 h. The preci-
pitate was then filtered, washed several times with warm
distilled water until no further Na* was observed in the
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Fig. 1. Catalytic performance for CO oxidation at 20°C versus time on line; ageing time: (@) 30 min, (IR) 60 min, (O) 150 min, (¢) 165 min,
(¥)300min, (A)12h.

washings. The precipitate was then dried (120°C, 16 h)
to give a material denoted as the catalyst precursor
which was then calcined (500°C, 17 h) to give the final
catalyst.

Catalyst testing. The catalysts were tested for CO oxi-
dation using a fixed bed laboratory microreactor.
Typically CO (5% CO in He, 5 ml/min) and O, (50 ml/
min) were fed to the reactor in controlled feed rates using
mass flow controllers and passed over the catalyst
(100 mg) at 20°C; the products were analysed using on-
line gas chromatography. These conditions are equiva-
lent to a total gas hourly space velocity of 33000 h~! and
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Fig. 2. Steady state activity after 200 min on line versus ageing time.

CO concentration of 0.45 mol%. Under these conditions
the adiabatic temperature rise is < 7°C and, conse-
quently, the reactor temperature could readily be main-
tained isothermally at 20°C.

3. Results and discussion

A series of CuMn; O, catalysts were prepared with a
range of ageing times for the precipitate (0—12 h) and the
catalytic activity for the oxidation of CO was investi-
gated for the materials following calcination. The activ-
ity with respect to time on line is shown in fig. 1 for CO
oxidation (0.45% CO in air, GHSV = 33000 h™!). There
are two features that require comment. First, there is
considerable variation in the catalytic activity. Second,
all the catalysts require a short period for steady state
activity to be achieved and the catalysts with the poorest
steady state performance require the longest stabilisa-
tion period. The variation in catalytic activity is, how-
ever, apparent for the initial time on line results. Fig. 2
shows a plot of steady state conversion at 200 min time
on line for the different ageing times used in this study.
The CO conversion is observed to be ca. 50% for the
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Fig. 3. Powder X-ray diffraction patterns for aged catalyst precursors.
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Fig. 4. Powder X-ray diffraction patterns for catalyst aged (A) 0—300 min (B) 12 h.
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unaged catalyst and the sample aged for 30 min. The
samples aged for longer periods up to 240 min all show
much lower CO conversion; however, increased ageing
time then restores the catalytic performance and also
leads to an enhancement for a sample aged for 12 h. The
catalyst surface areas as determined by BET were found
to be similar, in the range 25-31 m? g~! and therfore the
variation in catalyst performance cannot be attributed
to surface area effects.

These results indicate that the ageing time is a param-
eter of crucial importance in the preparation of active
CuMn, 04 catalysts. Preliminary characterisation stud-
ies were carried out using powder X-ray diffraction for
both the precursors (fig. 3) and calcined catalysts (fig. 4).
The unaged precursor was found to be well crystalline
copper hydroxy nitrate together with manganese carbo-
nate and, hence, immediately after the initial precipita-
tion the copper and manganese components are present
in separate phases. On ageing the copper hydroxy nitrate
redissolves and all the aged precursors are comprised
poorly crystalline manganese carbonate. The line shapes
of the manganese carbonate are very broad and so it is
not possible to determine if there are any changes in line
spacing that are consistent with copper being in solid
solution in the manganese carbonate. The calcined cat-
alysts show more variation (fig. 4) with ageing time
although all these materials were less crystalline than the
precursors. The unaged catalyst comprises copper man-
ganese oxide (Cu;4Mn;¢04), Mn,O; together with
CuO. The Mn;0; phase was the most crystalline, produ-
cing narrow high intensity diffraction lines; compared to
aged catalysts the unaged catalyst also showed signifi-
cantly higher peak intensities arising from CuO. The
X-ray diffraction pattern for the 30 min aged sample
was similar to the unaged material, although the relative
diffracted intensities from Mn,0O; and CuO were
decreased. The catalysts aged for between 60 and
240 min comprise copper manganese oxide
(Cur.aMny 604), MnyO; and CuO characteristic of the
catalysts aged for shorter times; however, the intensity
of the CuO diffraction lines were weak and generally the
intensity of the diffraction lines of Mn,O; decreased
with ageing time. The major phase identified after ageing
for 300 min was Cuj yMn; §O4 with Mn,O3 and Cu,0 as
minor phases. The diffraction pattern of the material
aged for 12 h was significantly different, this material
was less crystalline and the main phases were CuMn»>O4
and CuQ; Mn,0; was not detected by X-ray diffraction.
Characterisation of the catalysts by powder X-ray dif-
fraction after use showed that the phases initially present
were unchanged. The origin of the activity of the cat-
alysts aged for <30 min may be related to the detection
of crystalline CuO in the catalysts, as the CO oxidation
activity decreases as the intensity of the CuO diffraction
lines decreased when the catalyst was aged for 60-
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240 min. It is therefore possible that the high activity
associated with catalyst aged for <30 min is related to
CuO in combination with copper manganese oxide.
Previous studies have indicated that CO oxidation activ-
ity with copper manganese oxide catalysts is related to
surface enrichment with Cu [10]. In addition, Kanungo
[12] showed that the promoting effect of Cu on manga-
nese oxide was due to the formation of a surface
CuMn,04 phase through exchange of Cu?* on the
hydrated manganese oxide surface. Hence, the indica-
tion in the present study that a combination between
Cu?* of CuO with copper manganese oxide may be
important for high catalytic activity is consistent with
theses earlier studies. Increasing the ageing time to
300 min resulted in a decrease in the Cu/Mn ratio from
0.875 for the shorter ageing times to 0.666, approaching
the ratio of 0.5 for the stoichiometric hopcalite phase
(CuMn,04) observed for the catalyst after 12 h ageing.
The catalyst aged for 12 h was the most active, followed
by the catalyst aged for 300 min; it is therefore consid-
ered that activity of catalysts, not comprising CuO that
is characteristic of the shorter ageing times, is related to
the Cu/Mn ratio of the bulk mixed oxide phase. The
increased incorporation of Mn into the mixed oxide is
consistent with the decrease in the diffraction intensity
of Mn,O5 as the ageing time is increased. We now plan
to carry out a detailed transmission electron microscopy
study of these catalysts. From the results presented in
this preliminary study it is clear that ageing of the preci-
pitate in the coprecipitation procedure is of crucial
importance and that this parameter should be incorpo-
rated into the design of experimental programmes
involving precipitation as the method of catalyst prepa-
ration.
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