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CuO–CeO2 mixed oxide catalysts for the selective oxidation
of carbon monoxide in excess hydrogen
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A series of mixed oxide CuO–CeO2 catalysts were prepared by coprecipitation and tested for the selective oxidation of carbon monoxide
in the presence of excess hydrogen. These catalysts were found to be very active and exceptionally selective for this reaction and exhibited
a good resistance towards CO2 and H2O. The catalytic performance of these non-noble metal containing catalysts is compared with that of
other selective CO oxidation catalysts reported in literature.
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1. Introduction

The development of efficient catalysts for the selective
oxidation of carbon monoxide in the presence of excess hy-
drogen has attracted renewed interest during the last years
due to the potential application of such catalysts in the en-
vironmentally important fuel cell technology. Fuel cells are
considered to be the propulsion system of the near future,
as they possess the specific power, the power density and
the durability needed to replace internal combustion engines
from their current applications [1]. Among the various types
of fuel cells, the low temperature, hydrogen fuelled, polymer
electrolyte membrane fuel cells (H2-PEMFC) seem to be the
actually most technically advanced energy conversion sys-
tem for zero emission vehicles (ZEV), and appear also very
attractive for stationary small facilities and portable genera-
tors [2–7].

In order to avoid the problems associated with the distri-
bution and storage of hydrogen for the H2-PEM fuel cells
used in vehicle applications, the H2 feed gas can be pro-
duced on-board, in a fuel processing unit, by converting a
conventional fuel such as natural gas, gasoline or methanol
to a H2-rich gas mixture [8–11]. This can be done either by
steam reforming or by autothermal reforming. In either case,
the resulting gas mixture contains significant amounts of CO
and it is further processed with additional steam in a water–
gas shift reactor. In this way the gas stream becomes richer
in hydrogen and the concentration of CO drops to ca. 1 vol%;
a typical composition is: 45–75 vol% H2, 15–25 vol% CO2,
0.5–2 vol% CO, a few vol% H2O and N2 [12–15]. How-
ever, even this low CO concentration cannot be tolerated by
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the H2-PEM fuel cells. In fact, conventional pure Pt elec-
trocatalysts require less than 5 ppm CO, while the more CO
tolerant bimetallic alloy catalysts (such as PtRu) less than
100 ppm CO [5,16–19]. It is thus imperative to purify fur-
ther the hydrogen feed gas reducing the CO concentration
below 100 ppm.

Of the currently available methods for removing CO from
H2-rich atmospheres, the selective catalytic oxidation of CO
with molecular oxygen is undoubtedly the most straightfor-
ward, simpler, and the most cost effective one [5,14,20]. The
most important requirements from a catalyst for the selective
CO oxidation are:

(i) high CO oxidation activity;

(ii) high selectivity with respect to the undesired H2 oxi-
dation. Ideally, the catalyst should be inactive for the
oxidation of H2, in order to avoid losses of fuel hydro-
gen;

(iii ) operation at a temperature in the region defined by
the temperature level of the fuel processing unit (250–
300◦C) and that of the H2-PEMFC (80–100◦C);

(iv) resistance towards deactivation by CO2 and H2O pre-
sent in the feed.

Catalysts so far proposed for this process are alumina-
supported platinum group metals Pt/Al2O3, Rh/Al2O3 and
Ru/Al2O3 [20–26], zeolite-supported platinum catalysts (Pt/
A-zeolite [27] and Pt/mordenite [28]), and gold-based cat-
alysts (Au/MnOx [29] and Au/α-Fe2O3 [30]). Recently,
a non-noble metal containing catalyst, namely CoO, has
been proposed [31] for the selective oxidation of carbon
monoxide.
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Liu and Flytzani–Stefanopoulos have reported that CuO–
CeO2 catalysts are very active for the complete CO oxida-
tion exhibiting a specific activity several orders of magni-
tude higher than that of conventional Cu-based catalysts and
comparable or superior to Pt-based catalysts [32,33].

In the present work we examine the catalytic properties
of coprecipitated CuO–CeO2 mixed oxide catalysts for the
selective CO oxidation [34]. For comparison, the perfor-
mance of these catalysts for the CO oxidation, in the ab-
sence of hydrogen in the feed, is also reported. The influence
of both the composition of the CuO–CeO2 samples and the
presence of CO2 in the reaction feed is investigated for both
reactions. The best sample is also studied for the selective
CO oxidation in the presence of both CO2 and H2O in the
feed. Finally, the observed catalytic properties of the CuO–
CeO2 mixed oxide catalysts for the selective CO oxidation
are compared with those of the other catalysts reported in
literature.

2. Experimental

2.1. Preparation of catalysts

The CuO–CeO2 catalysts were synthesized by coprecipi-
tation from the mixtures of equimolar, with respect to com-
mon anion, water solutions of copper and cerium nitrates.
The 0.15 mol/l Cu(NO3)2 and 0.10 mol/l Ce(NO3)3 solu-
tions were mixed with a turbine stirrer (Ultra Turrax T50,
Janke & Kunkel) with the rate of 4000 rpm in suitable vol-
ume proportions (25, 50 and 75 ml of 0.15 mol/l Cu(NO3)2
solution was added to 475, 450 and 425 ml of 0.10 mol/l
Ce(NO3)3 solution, respectively) to give 500 ml of solution.
The equivalent quantity of 7% water solution of Na2CO3
was added dropwise with a rate of 1.5 ml/min and the pH
of the mixed solution was kept below 6.0. The coprecip-
itation was ended quantitatively after mixing the suspen-
sion for another 30 min when the equivalent quantity of
Na2CO3 solution has been added. The resulting suspen-
sion was then filtered through filter paper of “Blue ribbon”
quality. The obtained coprecipitate was rinsed with a three-
fold volume of boiling demineralised water. The coprecip-
itate was then dried at 110◦C for 12 h. The powdered co-
precipitate was subsequently heat-treated in a shallow bed
and in the flow of dry air (6 l/h−1) at 650◦C for 4 h. The
obtained catalysts had Cu/(Cu+ Ce) molar ratio equal to
0.073, 0.143 and 0.209 calculated on the basis of mixed ox-
ide formula CuxCe1−xO2−δ. The composition of the pre-
pared samples and their BET specific surface areas are pre-
sented in table 1. The chemicals used for synthesis were:
Cu(NO3)2·3H2O (99.5 wt% purity, Kemika, Zagreb, Croa-
tia), Ce(NO3)3·6H2O (99 wt% purity, Fluka Germany) and
Na2CO3·10H2O (99 wt% purity, Kemika, Zagreb, Croatia).

2.2. Apparatus and method used for activity measurements

The catalytic tests for the selective oxidation of CO in the
presence of excess hydrogen were carried out in a conven-
tional flow, fixed-bed reactor at atmospheric pressure. The

Table 1
Composition and BET specific surface areas of the CuO–CeO2 catalysts
and reaction rates,rCO, determined at 75◦C for the CO oxidation in the
absence of H2 and the selective CO oxidation in the presence of excess H2.
The reaction rate values in parentheses were determined at 100◦C when the
above two reactions were carried out in the presence of 15 vol% CO2 in the

corresponding reactant feeds.

Composition BET specific surface area rCO (10−6 molCO s−1 g−1
cat)

(wt% Cu) (m2 g−1) In the absence In the presence
of H2 of H2

2.8 8.4± 0.08 0.66 (0.56) 0.89 (0.97)
5.7 16.6± 0.09 2.26 (2.45) 2.28 (2.16)
8.7 11.2± 0.03 1.37 (1.45) 1.62 (1.40)

reactor was a 4 mm i.d. (6 mm o.d., length 31 cm) quartz
tube housed in a furnace. An enlargement of 9 mm i.d. at
the central part of the quartz tube contained the catalyst bed.
A PID control thermocouple was placed at the outside sur-
face of the reactor tube in order to control the temperature of
the furnace. The catalyst temperature values were measured
with another thermocouple enclosed in a 3 mm o.d. quartz
thermowell placed coaxially into the reactor tube and arriv-
ing at the middle of the catalyst bed. Unless specifically
noted, a quantity of 50 mg of catalyst (in the form of powder
with particle size in the region 90< dp < 160µm) was
used for each run. This particle size was chosen such that,
on the one hand, a significant pressure drop over the catalyst
bed was avoided and, on the other hand, significant internal
concentration and temperature gradients could be neglected.

The feed gas was passed downward through the reac-
tor containing the catalyst bed, while electronic mass flow
controllers (AERA FC-7700C) adjusted its composition and
flow rate. Unless specifically noted, the total flow rate of
the reaction mixture was equal to 100 cm3 min−1 (yielding
aW/F ratio equal to 0.03 g s cm−3). In the case of CO oxi-
dation experiments the reaction mixture consisted of 1 vol%
CO and 0.5 vol% O2 in He, while in the case of experiments
for the selective CO oxidation it consisted of 1 vol% CO,
1.25 vol% O2 and 50 vol% H2 in He. The effect of CO2
on both reactions was examined, at separate runs, with the
addition of 15 vol% CO2 in the respective feed gases. The
effect of H2O was investigated by the addition of 10 vol%
H2O in the feed with a syringe pump, while heating the gas
lines leading to the reactor at 100◦C in order to avoid con-
densation. The excess oxygen with respect to the minimum
amount of oxygen required for CO oxidation to CO2 (in the
absence of side reactions) is characterized by the process pa-
rameterλ, with λ = 2[O2]/[CO]. Therefore, for the CO oxi-
dation experiments the stoichiometric concentration of oxy-
gen was used (λ = 1), while, unless specifically noted, an
excess of oxygen was used for the selective CO oxidation
experiments (λ = 2.5).

Prior to all catalytic experiments the sample was heatedin
situ the reactor at 400◦C under a flowing 20% O2/He mix-
ture (20 cm3 min) for 30 min to yield clean surfaces, fol-
lowed by cooling down to the reaction temperature under
pure He.
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Product and reactant analysis was carried out by a gas
chromatograph (Shimadzu GC-14B) equipped with a ther-
mal conductivity detector and using helium as carrier gas.
A Carbosieve column was used to separate CO and O2 at
70◦C. A Porapak column was used to separate CO2 and H2O
at 70◦C. Methane formation was not detected under our ex-
perimental conditions.

The CO conversion was calculated based on the CO2 for-
mation as follows:

% conversion of CO= Cout
CO2

C in
CO

× 100%.

When 15 vol% CO2 was added in the reaction mixture, the
CO conversion calculation was based on the CO consump-
tion, because of the large error in the quantification of small
changes in the CO2 concentration.

The O2 conversion was based on the oxygen consumption
as follows:

% conversion of O2 =
C in

O2
− Cout

O2

Cin
O2

× 100%.

Finally, the selectivity of the CO oxidation in the presence
of excess hydrogen was calculated from the oxygen mass
balance as follows:

% selectivity= 0.5
(
C in

CO− Cout
CO

)

C in
O2
− Cout

O2

× 100%.

3. Results and discussion

3.1. Effect of composition on the CO oxidation activity

The effect of Cu loading of the CuO–CeO2 catalysts on
their CO oxidation activity (expressed as the % conversion of
CO), in the absence of CO2 in the feed, is shown in figure 1.
It can be seen that an increase of the Cu loading from 2.8 to
5.7 wt% provokes a marked increase of the activity. Indeed,
the temperature at which 50% conversion of CO is obtained,
T50, is lowered from 131 to 96◦C for the catalysts contain-
ing 2.8 and 5.7 wt% Cu, respectively. In addition, with the
2.8 wt% Cu sample CO is not completely oxidized to CO2
even at 340◦C, while an almost complete CO conversion
is observed at ca. 200◦C over the 5.7 wt% Cu catalyst. In-
creasing further the Cu content from 5.7 to 8.7 wt% results in
diminished activity as evidenced by the increase of the cor-
respondingT50 temperatures from 96 to 112◦C. However,
the 8.7 wt% Cu catalyst remains significantly more active
than the 2.8 wt% Cu one, and both the 5.7 and 8.7 wt% Cu
catalysts give almost complete CO conversion at ca. 200◦C.

The same trend of the activity variation with the com-
position is evidenced by the values of the reaction rate,
which were determined at 75◦C and are reported in table 1.
The highest rate was achieved with the 5.7 wt% Cu cata-
lyst (2.26× 10−6 mol s−1 g−1) followed by the 8.7 and the
2.8 wt% Cu samples.

Figure 1. Variation of the CO conversion with the reaction temperature for
the oxidation of CO (in the absence of H2) over the CuO–CeO2 catalysts
with 2.8 (•, ◦), 5.7 (�, �) and 8.7 (�, �) wt % Cu. Solid and open symbols
denote, respectively, the absence and the presence of CO2 in the reactant

feed.

3.2. Effect of CO2 on the CO oxidation activity

The activity of the CuO–CeO2 catalysts for CO oxidation
in the presence of 15 vol% CO2 in the feed is also shown in
figure 1. There are two main observations:

(i) The presence of CO2 in the reactant feed diminishes the
activity of all samples. In fact, a given CO conversion,
achieved in the absence of CO2, can now be obtained at
a temperature higher by about 20–40◦C.

(ii) Regardless of the presence of CO2, the same trend of the
activity with the Cu loading of the catalysts is observed.
Namely, the 5.7 wt% Cu catalyst gives the best results
(T50 = 123◦C), followed by the 8.7 (T50 = 131◦C)
and the 2.8 wt% Cu samples (T50= 154◦C). The same
trend of the activity variation with the composition is
evidenced by the values of the reaction rate reported in
table 1. As it was also the case when CO2 was absent
from the feed, the activities of the 5.7 and 8.7 wt% Cu
samples tend to become the same for CO conversions
higher than 90% and both these samples give almost
complete CO conversion at ca. 250◦C. In the presence
of CO2, a complete CO conversion was not observed
over the 2.8 wt% Cu sample even at the highest temper-
ature employed in our experiments (375◦C).

3.3. Effect of composition on the CO selective oxidation
activity

The % conversions of CO and O2, as well as the selec-
tivity achieved with the CuO–CeO2 catalysts in the selec-
tive CO oxidation in the presence of excess hydrogen are
presented in figure 2 for the reaction temperature range of
50–260◦C. It can be seen that the CuO–CeO2 catalysts are
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Figure 2. Variation of the CO and O2 conversions and of the selectivity with
the reaction temperature for the selective oxidation of CO, in the absence
of CO2, (with λ = 2.5 andW/F = 0.030 g s cm−3) over the CuO–CeO2
catalysts with 2.8 (•), 5.7 (�) and 8.7(�) wt% Cu, and over the 5.7 wt% Cu

sample withW/F = 0.36 g s cm−3 andλ = 2.5 (�) or λ = 1 (+).

very active and remarkably selective for this reaction. For
example, at 140◦C the % conversion of CO achieved over
the 5.7 wt% Cu sample was 80%, while the selectivity was
higher than 98%. The selectivity diminishes for all catalysts
for reaction temperatures higher than 150◦C. However, it
still remains significant at high CO conversions. For exam-
ple, at 210◦C the % conversion of CO achieved over the
5.7 wt% Cu sample was higher than 95%, while the selec-
tivity was 50%.

The effect of Cu loading on the catalytic performance for
the CO oxidation is more complex when the reaction is done
in excess of hydrogen; namely, the influence of composition
on the selectivity and the CO and O2 conversions depends
on the reaction temperature. For low reaction temperatures
(<150◦C), where selectivity is higher than 90% for all sam-
ples, the 5.7 wt% Cu catalyst gives the best results (both in
selectivity and CO conversion) followed by the 8.7 and then
by the 2.8 wt% Cu samples. This trend is also evident from
the corresponding reaction rates (table 1). As the reaction
temperature increases beyond 150◦C, the 2.8 wt% Cu sam-
ple progressively outperforms the 8.7 and, at higher reaction
temperature, also the 5.7 wt% Cu sample.

Under our standard experimental conditions (W/F =
0.03 g s cm−3, λ = 2.5, 1 vol% CO), the highest CO con-
version (96%) was achieved at 210◦C over the 5.7 wt% Cu
sample with selectivity equal to 50%. The highest selectiv-
ity (>95%) was obtained in the reaction temperature range
of 75–140◦C over the same sample giving CO conversions
in the range of 15–80%, respectively. An additional set of
experiments was carried out with the 5.7 wt% Cu sample
at higherW/F ratio (0.36 g s cm−3) and with twoλ val-
ues (2.5 and 1.0). These results, also presented in figure 2,
show the remarkable catalytic performance of the 5.7 wt%
Cu sample for the selective CO oxidation in excess hydro-
gen. Indeed, with stoichiometric concentration of oxygen
(λ = 1) this sample gave a CO conversion higher than 96%
with a selectivity of 95% at 110◦C.

3.4. Effect of CO2 and H2O on the activity for selective CO
oxidation

The % conversions of CO and O2, as well as the selec-
tivity achieved with the CuO–CeO2 catalysts in the selec-
tive CO oxidation in the presence of both excess hydrogen
and 15 vol% CO2 are presented in figure 3 for the reaction
temperature range of 50–260◦C. A comparison of the data
presented in this figure with those of figure 2, and of the se-
lective CO oxidation reaction rates reported in table 1, shows
that the presence of CO2 in the reactant feed provokes a de-
crease in the activity of all samples. As it was the case in
the oxidation of CO, a given CO conversion, achieved in the
range 75–175◦C during selective CO oxidation in the ab-
sence of CO2, can be obtained at a temperature higher by
about 15–35◦C when CO2 is present in the reactant feed.

Besides this moderate decrease of their activity, the CuO–
CeO2 catalysts retain their remarkable selectivity even when
CO2 is present in the feed. Indeed, as seen from figure 3,
the 5.7 wt% Cu sample exhibits selectivity higher than 99%
when the CO conversion is equal to 60% at 140◦C. For
reaction temperatures higher than 150◦C the selectivity of
all samples decreases progressively, however it still remains
significant at very high CO conversions. For example, the
5.7 wt% Cu catalyst gives, at 200◦C, a CO conversion of
90% with selectivity equal to 67%.

The effect of Cu loading on the catalytic performance for
the selective CO oxidation in the presence of CO2 in the
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Figure 3. Variation of the CO and O2 conversions and of the selectivity with
the reaction temperature for the selective oxidation of CO, in the presence
of CO2 (with λ = 2.5 andW/F = 0.030 g s cm−3) over the CuO–CeO2
catalysts with 2.8 (•), 5.7 (�) and 8.7 (�) wt% Cu, and over the 5.7 wt%

Cu sample withW/F = 0.36 g s cm−3 andλ = 2.5 (�).

feed is reaction temperature dependent as it was also the
case during selective CO oxidation in the absence of CO2.
For low reaction temperatures (<150◦C), where selectivity
is higher than 90% for all samples, the 5.7 wt% Cu catalyst
gives the best results both in selectivity and CO conversion
(T50 = 130◦C). In this temperature range the 8.7 wt% Cu
sample is more active (T50 = 141◦C) but less selective than
the 2.8 wt% Cu one (T50 = 148◦C). This activity trend is
also evident from the corresponding selective CO oxidation

Figure 4. Variation of the CO (◦) and O2 (�) conversions and of the se-
lectivity (�) with the reaction time during the selective oxidation of CO, in
the presence of CO2 (with λ = 2.5 andW/F = 0.030 g s cm−3 at 140◦C)

over the 5.7 wt% Cu sample.

in the presence of CO2 reaction rates (table 1). As the reac-
tion temperature increases beyond 150◦C, the 2.8 wt% Cu
sample becomes the most selective and progressively out-
performs also in activity the 8.7 and, at higher reaction tem-
perature, the 5.7 wt% Cu sample.

A long time catalytic run was performed with the 5.7 wt%
Cu sample in order to explore the stability of the CuO–CeO2
catalysts under reaction conditions. The variation of the CO
and O2 conversions and of the selectivity with the time this
sample remained under reaction conditions at 140◦C (in the
presence of CO2) are depicted in figure 4. After this seven-
day period the sample had gradually lost ca. 18% of its initial
activity, as evidenced by the decrease of the CO conversion
from 60 to 49%. However, it retained its remarkable selec-
tivity (>99%) throughout this period.

Finally, the influence of the presence of 10 vol% H2O
in the CO2-containing reaction feed was investigated for the
best CuO–CeO2 catalyst. As seen from the results presented
in figure 5, the presence of water vapor decreases the activ-
ity of this sample; a given CO conversion is now obtained
at a reaction temperature higher for ca. 20–40◦C. However,
besides this moderate decrease in activity, the catalytic per-
formance of this sample remains exceptionally good. In-
deed, in the absence of H2O, it exhibited a CO conversion
higher than 99% with a selectivity of 67% at 150◦C. Un-
der the same conditions, but with 10 vol% H2O added in
the feed, the same CO conversion is obtained at a reaction
temperature higher by only 20◦C with almost the same se-
lectivity, namely at 170◦C with selectivity equal to 63%.

3.5. Comparison with other CO selective oxidation
catalysts

At this stage a first comparison between the catalytic per-
formance of the CuO–CeO2 catalysts with that of the best
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Figure 5. Variation of the CO and O2 conversions and of the selectivity with
the reaction temperature for the selective oxidation of CO (with 15 vol%
CO2, λ = 2.5, andW/F = 0.36 g s cm−3) over the 5.7 wt% Cu catalyst
in the absence (�) and in the presence (�) of 10 vol% H2O in the reaction

feed.

CO selective oxidation catalysts reported so far in literature
may be attempted.

Igarashi et al. [28] concluded that, for the oxidation of CO
in the presence of excess hydrogen, Pt supported on mor-
denite was the more active and selective catalyst among the
other Pt-based catalysts they investigated; namely, the state
of the art Pt/Al2O3 catalyst, as well as the Pt supported on
A- and X-type zeolite catalysts. According to these authors,
the reaction temperature of 200◦C is the most suitable for

selective oxidation of CO over Pt/mordenite. At this temper-
ature (with 1 vol% CO and 1 vol% O2 in H2, thusλ = 2,
andW/F = 0.06 g s cm−3) both the maximum CO conver-
sion and the maximum selectivity, respectively, equal to 63
and 57%, were achieved over this catalyst. As seen from
figure 2, under similar experimental conditions (1 vol% CO,
1.25 vol% O2 and 50 vol% H2 in He, thusλ = 2.5, and
W/F = 0.03 g s cm−3), the CuO–CeO2 catalyst loaded with
5.7 wt% Cu gave a CO conversion of 80% with 99% se-
lectivity at 140◦C, while at 200◦C the CO conversion and
the selectivity achieved over the same CuO–CeO2 sample
were equal, respectively, to 95 and 60%. Moreover, Igarashi
et al. also studied the activity of Pt/mordenite at 200◦C and
W/F = 0.12 g s cm−3 with various values ofλ. Forλ = 1
the CO conversion and the selectivity were, respectively,
78 and 83% [28]. We tested under similar conditions (λ = 1
andW/F = 0.09 g s cm−3) the 5.7 wt% Cu catalyst and ob-
tained a CO conversion and selectivity equal, respectively, to
84 and 94%, at a much lower reaction temperature, namely
at 130◦C. Based on these facts we may conclude that, with
respect to the Pt-based catalysts, the non-noble metal con-
taining CuO–CeO2 catalysts seem to exhibit superior activ-
ity and selectivity for the CO oxidation in the presence of
excess hydrogen while operating at significantly lower reac-
tion temperatures.

Besides platinum-based catalysts which operate close to
the temperature level of the fuel processing unit, metal-
oxide-supported gold catalysts, able to operate near the tem-
perature level of the H2-PEMFC (80–100◦C), have been re-
ported to be promising candidates for the selective CO oxi-
dation [29,30].

Torres Sanchez et al. [29] studied coprecipitated Au/
MnOx catalysts for this reaction in the temperature range
16–120◦C using a reactant stream composed of 1 vol% CO
and 1 vol% O2 in H2 (thus with λ = 2) andW/F =
0.364 g s cm−3. The Au/MnOx sample with Au/Mn atomic
ratio equal to 1/50 exhibited maximum CO conversion
(>95%) in the temperature range 50–80◦C. Under practi-
cally the sameW/F (figure 2), but with stoichiometric con-
centration of oxygen (λ = 1), the 5.7 wt% Cu catalyst
gave its maximum CO conversion (>95% with a selectiv-
ity of 95%) at a higher temperature, namely at 110◦C. The
comparison between these two catalysts cannot be complete,
however, since selectivity data, determined for the Au/MnOx

catalysts during CO oxidation in the presence of excess hy-
drogen, are not reported.

Kahlich et al. [30] reported kinetic measurements of the
selective CO oxidation over a Au/α-Fe2O3 with 3.15 wt%
Au. The reaction rate determined for this sample at 80◦C,
with λ = 2 (1 vol% CO, 1 vol% O2 and 75 vol% H2 in N2)
was ca. 9.1× 10−4 mol s−1 g−1

Au with a selectivity equal to
ca. 64%. Under similar conditions (λ = 2.5, 1 vol% CO,
1.25 vol% O2 and 50 vol% H2 in He) the 5.7 wt% Cu cata-
lyst was less active (reaction rate, on a copper weight basis,
determined at 75◦C equal to 4.0× 10−5 mol s−1 g−1

Cu), but
highly more selective (with a selectivity of 100%). Thus, as
compared to the low temperature operating gold catalysts,
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the CuO–CeO2 catalysts seem to be less active, but more
selective.

Recently, Teng et al. [31] investigated 3d transition metal
oxides as catalysts for the selective CO oxidation, and re-
ported that, among the various oxides tested, those con-
taining tetrahedrally coordinated Co(II) (such as CoO and
CoFe2O4) gave very good results. The CoO oxide was
found to be the best catalyst for this process; for a re-
action feed gas composed of 1 vol% CO, 1.86 vol% O2
(λ = 3.72) and 90.2 vol% H2 in N2 and space velocity equal
to 1.2× 104 cm3 h−1 g−1

cat it gave a CO conversion of 99% at
100 ◦C with a selectivity of ca. 95%. The catalytic perfor-
mance of the 5.7 wt% Cu catalyst is comparable to that of the
CoO catalyst. Indeed, under similar space velocity (equal to
1.0 × 104 cm3 h−1 g−1

cat whenW/F = 0.36 g s cm−3) but
with stoichiometric concentration of oxygen (λ = 1) the
5.7 wt% Cu sample gave, at 100◦C, a CO conversion of 93%
with a selectivity>99%, while at 110◦C it gives practically
the same activity and selectivity as the CoO sample does at
100◦C (figure 2).

A comparison of the performance of the CuO–CeO2 cata-
lysts with the other catalysts reported in literature for the se-
lective CO oxidation cannot be made when CO2 and H2O are
present in the reaction feed gas, since, to our knowledge, no
relevant data have yet been published. Only Torres Sanchez
et al. [29] stated that coprecipitated Au/MnOx catalysts are
resistive to various concentrations of CO2, but neither exper-
imental evidence nor data are provided to enable a quantita-
tive comparison.

4. Conclusions

A series of mixed CuO–CeO2 catalysts, with Cu load-
ing in the range 2.8–8.7 wt%, were prepared by coprecip-
itation and studied in both the CO oxidation and the se-
lective CO oxidation in excess hydrogen. Both reactions
were carried out with and without CO2 in the reactant feed.
In addition, a long time catalytic run in the presence of
CO2, and a test in the presence of both CO2 and H2O
in the feed were performed for the selective CO oxida-
tion in excess hydrogen over the best CuO–CeO2 catalyst.
The following main conclusions may be drawn from this
work:

• The coprecipitated CuO–CeO2 catalysts are very active
and remarkably selective for the CO oxidation in the
presence of excess hydrogen.

• These catalysts exhibit good tolerance towards CO2, re-
taining a significant portion of their activity and selectiv-
ity when CO2 is present in the reactant feed. They also
appeared to be quite stable under reaction conditions, es-
pecially in what concerns their selectivity.

• For the catalysts’ composition range studied, best results
were obtained with the CuO–CeO2 specimen having an
atomic ratio Cu/(Cu+ Ce)= 0.143 (5.7 wt% Cu). More-
over, this sample exhibited good tolerance towards H2O
during the selective CO oxidation.

• The performance of the CuO–CeO2 catalysts for the se-
lective CO oxidation is superior to that of state of the art
Pt-based catalysts; the CuO–CeO2 catalysts are more ac-
tive and selective while operating at significantly lower
reaction temperature. As compared to Au-based cata-
lysts, these non-precious metal containing catalysts are
less active but significantly more selective. Thus, the
mixed oxide CuO–CeO2 system seems to be a promis-
ing candidate catalyst for the selective removal of CO
from H2-rich gas streams used as fuel for the H2-PEM
fuel cells.
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