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Abstract

Three different catalysts, namely Pt/�-Al2O3, Au/�-Fe2O3 and CuO–CeO2 were prepared (by wet impregnation, coprecipi-
tation and a sol–gel method, respectively) and their catalytic performance for the selective oxidation of carbon monoxide in the
presence of excess hydrogen was evaluated and compared. The effects of the presence of CO2 and H2O in the reactant feed on
the activity and selectivity of these catalysts, as well as their stability under realistic reaction conditions were also investigated.

Regardless of whether CO2 or both CO2 and H2O are present in the reactant feed, the Au/�-Fe2O3 catalyst is superior to the
other two for the selective CO oxidation at relatively low reaction temperatures (<80–120◦C, depending on contact time and
feed composition employed), while at higher reaction temperatures, best results are obtained with the CuO–CeO2 catalyst,
which proved to be more active and remarkably more selective than the Pt/�-Al2O3 catalyst. The Au/�-Fe2O3 catalyst was
the most sensitive, while the Pt/�-Al2O3 the most resistant towards deactivation caused by the presence of CO2 and H2O in
the feed. Finally, while the Au/�-Fe2O3 catalyst lost a considerable portion of its activity during the first 80 h under reaction
conditions, the CuO–CeO2 and Pt/�-Al2O3 catalysts exhibited a stable catalytic performance, at least during the time period
tested in this work (7–8 days). © 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

Fuel cells are considered to be the propulsion
system of the near future, since they can produce
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electricity without polluting the environment, and
possess the necessary specific power, power density
and durability to replace conventional internal com-
bustion engines from their current applications [1].
Among the various types of fuel cells, the low tem-
perature, H2-fuelled, polymer electrolyte membrane
fuel cells (H2-PEMFCs) seem to be the actually most
technically advanced energy conversion system for
such purpose [2–7].
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However, the use of H2-PEMFCs in vehicle appli-
cations is opposed with serious problems associated
with the distribution and storage of hydrogen. A
promising way to overcome these problems is to pro-
duce the H2 feed gas 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 in a water gas shift reactor. In this
way the gas stream becomes richer in H2 and the con-
centration of CO drops to ca. 1 vol.%; a typical com-
position being: 45–75 vol.% H2, 15–25 vol.% CO2,
0.5–2 vol.% CO, a few vol.% H2O and N2 [12–15].
Unfortunately, even this low CO concentration cannot
be tolerated by the H2-PEMFCs, which are highly
sensitive towards trace CO contamination in the H2
feed gas. It is thus imperative to purify further the
hydrogen feed gas reducing the CO concentration
below 100 ppm [5,16–19].

This need has triggered, in the last few years, an
intense research effort to develop catalysts able to
selectively oxidize CO in the presence of excess H2.
Indeed, among the various available methods for re-
moving CO from H2-rich atmospheres, the selective
catalytic oxidation of CO with molecular oxygen is
undoubtedly the most straightforward, simpler, and
cost effective one [5,14,20]. Such a catalyst should
fulfill several important requirements; namely: (i) to
possess high CO oxidation activity, (ii) to exhibit high
selectivity with respect to the undesired H2 oxidation
(ideally, the catalyst should be inactive for the oxida-
tion of H2, in order to avoid losses of fuel hydrogen),
(iii) to function at the temperature region defined
by the temperature level of the fuel-processing unit
(250–300◦C) and that of the H2-PEMFC (80–100◦C),
and (iv) to be resistant towards deactivation by CO2
and H2O present in the feed.

A number of platinum group metal-based catalysts
supported on alumina, namely Pt/Al2O3, Rh/Al2O3
and Ru/Al2O3 [20–26], and zeolite-supported plat-
inum catalysts (Pt/A-zeolite [27] and Pt/mordenite
[28]), have been studied for this process, and among
these, platinum-based catalysts gave the best re-
sults. Besides platinum, gold-based catalysts such
as Au/Al2O3 [29,30], Au/MnOx /MgO/Al2O3 [30],
Au/MnOx [31] and especially Au/�-Fe2O3 [32] were

found to be very active for this process. We have
recently reported that mixed CuO–CeO2 oxides con-
stitute a promising candidate catalytic system for the
selective oxidation of CO in the presence of excess
hydrogen [33,34].

In the present work we compare, under identi-
cal reaction conditions, the catalytic properties for
the selective CO oxidation in the presence of ex-
cess hydrogen of three important candidate catalysts,
namely: the Pt/�-Al2O3, Au/�-Fe2O3 and CuO–CeO2
catalysts. In addition, we investigate and report the
effects of the presence of CO2 and of both CO2
and H2O in the reactant feed on the catalytic perfor-
mance (activity and selectivity) of these catalysts, as
well as their stability with time under reaction con-
ditions.

2. Experimental

2.1. Preparation of catalysts

The Au/�-Fe2O3 catalyst was prepared by coprecip-
itation. Aqueous solutions of HAuCl4·3H2O (Alfa),
Fe(NO3)3·9H2O (Alfa) and Na2CO3 (Merck) were
gradually and simultaneously added into a continu-
ously stirred flask with distilled water. The reaction
mixture was kept at 60◦C while the pH was main-
tained at 8.3±0.2 during the addition of the solutions.
After a period of 1 h, the resulting precipitate was fil-
tered, washed with hot water several times in order
to remove residual Cl−, and then dried under static
air at 80◦C for 12 h. Finally, the sample was calcined
in flowing air at 400◦C for 2 h. The Au content of
this sample, as determined by atomic absorption spec-
troscopy (AAS), was 2.9 wt.%.

The CuO–CeO2 catalyst was synthesized by sol–gel
peroxo route method by reacting 0.085 g CuCl2·2H2O
(Fluka) with 48 ml of 30 vol.% H2O2 and in separate
vessel by reacting 12 ml of 30 vol.% H2O2 with 3.54 g
of CeCl3·7H2O (Fluka). After the reactions in both
vessels were completed, the two solutions were mixed
and the excess peroxide was evaporated at 80◦C. At
the end of evaporation 20 ml of ethanol was added.
The sample was then dried at room temperature to
obtain the xerogel, which was subsequently gradually
heated at 650◦C under static air and remained at that
temperature for 4 h.
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Table 1
Composition and BET specific surface areas of the Au/�-Fe2O3,
CuO–CeO2 and Pt/�-Al2O3 catalysts

Catalyst Composition BET specific surface
area (m2 g−1)

Au/�-Fe2O3 2.9 wt.% Au 49.8
CuO–CeO2 1.9 wt.% Cu 19.5
Pt/�-Al2O3 5.0 wt.% Pt 224.0

The Pt/�-Al2O3 catalyst was prepared by wet im-
pregnation of�-Al2O3 (AKZO, 290 m2 g−1) with an
aqueous solution of tetraammineplatinum(II) nitrate
(Alfa). The resulting mixture was dried at 40◦C un-
der vacuum and then at 110◦C under static air for
12 h. The temperature was then gradually increased to
300◦C under a stream of Ar (40 cm3 min−1) and the
sample remained at that temperature under flowing H2
(40 cm3 min−1) for 2 h and then it was cooled down
to room temperature under Ar.

The composition of the prepared samples and their
BET specific surface areas are presented in Table 1.

2.2. Apparatus and method used for activity
measurements

The catalytic tests were carried out in a conven-
tional flow, fixed-bed reactor at atmospheric pressure.
Unless specifically noted, a quantity of 50 mg of cat-
alyst (particle size in the region 90< dp < 160�m),
and a total flow rate of the reaction mixture equal to
100 cm3 min−1 (W/F = 0.03 g s cm−3) was used for
each run. The reaction mixture consisted of 1 vol.%
CO, 1.25 vol.% O2 and 50 vol.% H2 in He.

The effect of CO2 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. Unless
specifically noted, an excess of oxygen was used for
the selective CO oxidation experiments (λ = 2[O2]/
[CO] = 2.5).

Prior to all catalytic experiments the Au/�-Fe2O3
and CuO–CeO2 samples were heated in situ at 400◦C
under a flowing 20% O2/He mixture (20 cm3 min−1)
for 30 min to yield clean surfaces, followed by cool-
ing down to the reaction temperature under pure He,
while the Pt/�-Al2O3 samples were heated at 300◦C
under flowing H2 (20 cm3 min−1) for 30 min and

cooled down to the reaction temperature also under
pure He.

Gas chromatography was used for the analysis.
Methane formation was not detected under our exper-
imental conditions.

The CO conversion was calculated based on the
CO2 formation as follows:

% of conversion of CO= [CO2]out

[CO]in
× 100

When 15 vol.% CO2 was added in the reaction mix-
ture, the CO conversion calculation was based on the
CO consumption, because of the large error in the
quantification of small changes in the CO2 concentra-
tion.

The O2 conversion was based on the oxygen con-
sumption as follows:

% of conversion of O2 = [O2]in − [O2]out

[O2]in
× 100

Finally, the selectivity was calculated from the oxygen
mass balance as follows:

% of selectivity= 0.5([CO]in − [CO]out)

[O2]in − [O2]out
× 100

3. Results and discussion

3.1. Comparison of the title catalysts for the CO
selective oxidation

The percentage conversions of CO and O2, as well
as the selectivity achieved with the Au/�-Fe2O3,
CuO–CeO2 and Pt/�-Al2O3 catalysts in the selective
CO oxidation in the presence of excess H2 are pre-
sented in Fig. 1. Among the three catalysts tested,
the Au/�-Fe2O3 sample is the most active while the
CuO–CeO2 is the most selective. Indeed, under these
conditions (W/F = 0.03 g s cm−3), the temperature
at which 50% conversion of CO is obtained,T50, was
found equal to 37◦C (95%), 94◦C (100%), and 161◦C
(51%), respectively, for the Au/�-Fe2O3, CuO–CeO2,
and Pt/�-Al2O3 catalysts, where the values in paren-
thesis denote the corresponding selectivity. The max-
imum CO conversion achieved over the Au/�-Fe2O3
sample was 99% (with 40% selectivity) at 110◦C.
The temperature at which a similar CO conver-
sion (≥99%) was obtained with the CuO–CeO2 and
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Fig. 1. Variation of the CO and O2 conversion and of the selectivity
with the reaction temperature for the selective oxidation of CO,
at W/F = 0.030 g s cm−3, over the Au/�-Fe2O3 (
), CuO–CeO2
(�), and Pt/�-Al2O3 (�) catalysts in the absence of CO2 (filled
symbols) and in the presence of 15 vol.% CO2 in the reactant feed
(open symbols).

Pt/�-Al2O3 catalysts was, respectively, 200◦C (with
66% selectivity) and 180◦C (with 41% selectivity).

As seen from the same figure, the influence of the re-
action temperature on the selectivity depends strongly
on the nature of the catalyst. For the Au/�-Fe2O3
sample, the increase of the reaction temperature is
accompanied by a continuous decrease of the selec-
tivity, indicating higher apparent activation energy for
the H2 oxidation than for the CO oxidation. Over the
CuO–CeO2 catalyst the selectivity remains constant at
100% as the temperature increases from 50 to 120◦C,
although the conversion of CO greatly increases in
this temperature range (namely, from 3 to 84%). As
the reaction temperature increases further, from 120
to 240◦C, the selectivity decreases progressively from
100 to 38%. Contrary to these two samples, the de-
crease of the selectivity with the reaction temperature
was not so pronounced with the Pt/�-Al2O3 catalyst
in the temperature range 125–200◦C, in agreement
with results reported by Kahlich et al. [26]. Indeed,
in the temperature region 125–160◦C the selectivity
remained constant at ca. 50% (while the CO conver-
sion increased from 4 to 50%) and decreased to ca.
40% at higher temperatures when the CO conversion
reaches 99.6%.

These catalytic samples were also tested under
a higher contact time, namely atW/F = 0.144
g s cm−3, with all other conditions being the same as
previously. The results are presented in Fig. 2. Under
these conditions the Au/�-Fe2O3 catalyst exhibited
a 100% CO conversion with 82% selectivity already
from 45◦C. The maximum CO conversion achieved
with the CuO–CeO2, and Pt/�-Al2O3 catalysts was,
respectively, 100% (with 94% selectivity) at 120◦C,
and 99% (with 40% selectivity) at 165◦C. It should
be noted that in the temperature range 120–200◦C
the CuO–CeO2 sample exhibits superior results as
compared to the Pt/�-Al2O3 catalyst. Indeed, in this
temperature range the CO conversion obtained with
the CuO–CeO2 sample was 100% (falling to 99.4%
only at 200◦C) and the selectivity decreased gradually
from 94 to 40%, while the CO conversion achieved
over the Pt/�-Al2O3 sample varied from 47 to 99%
with an almost constant selectivity at ca. 40%.

We may, thus, conclude that for the selective CO
oxidation in the absence of CO2 and H2O vapor in the
reactant feed, the Au/�-Fe2O3 catalyst is superior to
the other two in the low reaction temperature region
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Fig. 2. Variation of the CO and O2 conversion and of the selectivity
with the reaction temperature for the selective oxidation of CO,
at W/F = 0.144 g s cm−3, over the Au/�-Fe2O3 (
), CuO–CeO2
(�), and Pt/�-Al2O3 (�) catalysts in the absence of CO2 (filled
symbols) and in the presence of 15 vol.% CO2 in the reactant feed
(open symbols).

(namely at temperature lower than 120 or 50◦C, de-
pending on theW/F employed). At the higher reaction
temperature range (namely at temperature higher than
150 or 100◦C, depending on theW/F) the CuO–CeO2
sample outperforms the Pt/�-Al2O3 catalyst, being
more active and remarkably more selective.

3.2. Effect of CO2 on the CO selective oxidation

The results obtained in the presence of 15 vol.%
CO2 in the reactant feed are also presented in Figs. 1
and 2 for theW/F values of 0.03 and 0.144 g s cm−3,
respectively.

A comparison of the CO conversion versus reaction
temperature curves obtained for the three catalysts in
the absence and in the presence of CO2 shows that CO2
generally decreases their catalytic activity for the se-
lective CO oxidation. Indeed, the presence of CO2 pro-
vokes an increase at the temperatureT50 of 40, 22 and
6◦C for the Au/�-Fe2O3, CuO–CeO2, and Pt/�-Al2O3
catalysts, respectively, when these are tested with
W/F = 0.03 g s cm−3. The corresponding increases
of the T50 when the CuO–CeO2, and Pt/�-Al2O3
catalysts are tested withW/F = 0.144 g s cm−3 are
equal to, respectively, 22 and ca. 0◦C.

With W/F = 0.144 g s cm−3 a complete (100%)
CO conversion is now obtained with the Au/�-Fe2O3
catalyst at 77◦C with 45% selectivity as compared
to 45◦C with 82% selectivity in the absence of CO2.
Over the CuO–CeO2 sample, CO is now completely
converted at 140◦C with 88% selectivity as compared
to 120◦C with 94% selectivity in the absence of CO2.
Finally, the catalytic performance of the Pt/�-Al2O3
catalyst seems to be rather unaffected by the presence
of CO2. In the absence of CO2 this sample exhibited
its maximum CO conversion (>99%) in the tempera-
ture region 165–170◦C with a selectivity of ca. 40%,
while in the presence of CO2 the CO conversion is
complete in the region 150–160◦C with a selectivity
of ca. 41%. This resistance of the Pt/�-Al2O3 catalyst
towards deactivation by CO2 during the selective CO
oxidation is in full agreement with previous studies of
the CO oxidation over Pt/�-Al2O3 catalysts reporting
that the CO2 partial pressure does not significantly af-
fect the CO2 production rate [35–38].

A comparison of the selectivity versus reaction tem-
perature curves obtained for the three catalysts in the
absence and in the presence of CO2 shows that at
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a given reaction temperature the selectivity achieved
over any of the three catalysts is rather slightly affected
by the presence of CO2 in the feed. However, since a
given CO conversion is generally obtained at a higher
temperature when CO2 is present in the feed, it turns
out that now a given CO conversion over any of the
three samples is generally achieved less selectively.

It is, thus, evident that the magnitude of the negative
effect provoked by the presence of CO2 on both the ac-
tivity for the selective CO oxidation, and the selectiv-
ity, is strongly dependent on the nature of the catalyst.
Among the three samples tested, the Au/�-Fe2O3 cat-
alyst is the most sensitive, while the Pt/�-Al2O3 cata-
lyst is the most resistant towards deactivation by CO2.

Based on the results presented in Figs. 1 and 2,
we may conclude that for low reaction temperatures
(namely, lower than 125 or 100◦C, depending on
whether W/F was equal to 0.03 or 0.144 g s cm−3,
respectively), the Au/�-Fe2O3 catalyst is superior
to the other two for the selective oxidation of CO
in the presence of CO2. At higher reaction temper-
atures the CuO–CeO2 and Pt/�-Al2O3 catalysts give
better results, and the CuO–CeO2 sample outperforms
the Pt/�-Al2O3 one, as it was also the case in the
absence of CO2 in the reactant feed. Indeed, when
W/F = 0.144 g s cm−3, a CO conversion higher than
98% was obtained over the Pt/�-Al2O3 catalyst in the
range 150–170◦C with a selectivity of ca. 41%, while
over the CuO–CeO2 catalyst in the temperature range
135–170◦C with a considerably higher selectivity
(namely in the range 94–55%).

3.3. Effect of the presence of both CO2 and H2O
on the CO selective oxidation

The results obtained with the three catalysts in the
presence of both 15 vol.% CO2 and 10 vol.% H2O in
the reactant feed (withW/F = 0.144 g s cm−3) are
presented in Fig. 3. For comparison, the corresponding
curves obtained under the same conditions but without
water vapor in the feed are also presented in the same
figure.

The presence of H2O provokes a significant de-
crease on the activity of both Au/�-Fe2O3 and
CuO–CeO2 catalysts. In fact, for both of these sam-
ples, a given CO conversion (obtained in the absence
of H2O) is achieved at about 40–45◦C higher reac-
tion temperature in the presence of H2O in the feed.

Fig. 3. Variation of the CO and O2 conversion and of the selectivity
with the reaction temperature for the selective oxidation of CO,
at W/F = 0.144 g s cm−3, over the Au/�-Fe2O3 (
), CuO–CeO2
(�), and Pt/�-Al2O3 (�) catalysts in the presence of 15 vol.%
CO2 (solid lines) and in the presence of both 15 vol.% CO2 and
10 vol.% H2O in the reactant feed (dotted lines).
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A slightly lower inhibition of the activity is observed
regarding the O2 conversion for both samples. In
addition to this negative effect on the activity, the
presence of H2O also diminishes the selectivity ex-
hibited by these two catalysts. Indeed, a given CO
conversion achieved in the absence of H2O is less
selectively obtained in its presence. However, this
effect is much more pronounced in the case of the
Au/�-Fe2O3 sample. For example, in the CO conver-
sion range of 60–95%, the selectivity achieved with
the Au/�-Fe2O3 sample was decreasing from ca. 100
to 74% in the absence of H2O and from 76 to 56%
in the presence of H2O. For the same CO conversion
range (60–95%), the selectivity achieved with the
CuO–CeO2 sample was practically constant at 100%
(dropping to 98% only when the CO conversion was
95%) in the absence of H2O, while in its presence it
was gradually decreasing from 100 to 89%.

As compared to the Au/�-Fe2O3 and CuO–CeO2
catalysts, the effect of H2O on the Pt/�-Al2O3 cata-
lyst was markedly different. For reaction temperatures
lower than 145◦C (at that temperature range the CO
conversion is lower than 90%), the Pt/�-Al2O3 sam-
ple is more active (giving both higher CO and higher
O2 conversions) when H2O is present in the reac-
tant feed. Taking into account that, in this reaction
temperature range, the activity of this sample was
practically unaffected by the presence of CO2 (see
Fig. 2), it turns out that when both CO2 and H2O are
present in the feed then this catalyst is more active
than when both of these compounds are absent from
the feed. However, this beneficial effect does not man-
ifest itself for higher reaction temperatures (when the
CO conversion becomes higher than 90%). Indeed,
for temperatures higher than 145◦C, the CO conver-
sion achieved at a given temperature is significantly
lower in the presence of H2O than in its absence.
For example, at 150◦C, the CO conversion obtained
over the Pt/�-Al2O3 sample was 100% (with 41.5%
selectivity) in the absence of H2O but only 92.8%
(with 39.8% selectivity) in its presence. The observed
beneficial effect of H2O (namely, the increase of CO
conversion at low reaction temperatures) cannot pos-
sibly be attributed to a part of CO being consumed by
the water gas shift reaction, since at this low reaction
temperature range (<145◦C) the extend of this reac-
tion should be negligible, if any at all [39,40]. Thus,
we may conclude that the observed increase of the

CO conversion during selective CO oxidation in the
presence of H2O is due to an enhancement provoked
by the presence of H2O on the CO oxidation rate.
This conclusion is corroborated by previous investi-
gations on the CO oxidation over alumina-supported
platinum catalysts reporting that the presence of H2O
in the CO/O2 reactant feed enhances the rate of CO
oxidation [26,38,41]. Moreover, this enhancement of
the CO oxidation rate was reported to decrease as the
reaction temperature increases [38].

The influence of H2O on the selectivity of the
Pt/�-Al2O3 sample is similar to that for the Au/�-
Fe2O3 and CuO–CeO2 catalysts; namely, a given CO
conversion achieved over the Pt/�-Al2O3 catalyst in
the absence of H2O is less selectively obtained in
its presence, and this was observed for the whole
reaction temperature region studied. However, due
to the fact that the selectivity of Pt/�-Al2O3 was
already low without water in the feed, the decrease
of the selectivity provoked by its presence is not as
pronounced as it was for the other two catalysts. For
example, in the CO conversion range of 60–95%, the
selectivity achieved with the Pt/�-Al2O3 sample was
gradually decreasing from 44 to 42% in the absence
of H2O, while in its presence it is varied in the region
36–39%.

Under these reaction conditions, the Au/�-Fe2O3
sample was again superior to the other two at the low
reaction temperature range, exhibiting its best cat-
alytic performance (99.5% CO conversion with 54.5%
selectivity) at 100◦C. The Pt/�-Al2O3 sample gave
its best results at 160◦C with 97.5% CO conversion
and 41.5% selectivity. At practically the same reac-
tion temperature (170◦C), the CuO–CeO2 catalyst
gave the same CO conversion but with the remarkably
higher selectivity of 88%. The CuO–CeO2 sample
exhibited its best catalytic performance (99.6% CO
conversion with 62.3% selectivity) at 190◦C. Thus,
the CuO–CeO2 sample, being remarkably more selec-
tive, outperforms the Pt/�-Al2O3 at the high reaction
temperature range, also in the presence of H2O in the
reactant feed.

3.4. Stability of the catalysts under reaction
conditions

A long time (7–8 days) catalytic run was per-
formed with each of the Au/�-Fe2O3, CuO–CeO2 and
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Fig. 4. Variation of the CO (�) and O2 (�) conversion and of the selectivity (
) with the reaction time during the selective oxidation of
CO, at W/F = 0.144 g s cm−3, in the presence of 15 vol.% CO2 (from the beginning up to the time marked by the small vertical line),
and in the presence of both 15 vol.% CO2 and 10 vol.% H2O in the reactant feed (for the remaining time period) over the Au/�-Fe2O3

(a), CuO–CeO2 (b), and Pt/�-Al2O3 (c) catalysts. The reaction temperatures at each portion of the long time catalytic test are indicated
alongside the small vertical line.
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Pt/�-Al2O3 catalysts in order to explore their stability
under reaction conditions for the CO selective oxi-
dation in the presence of CO2 and in the presence of
both CO2 and H2O.

Each sample remained for a period of ca. 100 h
under reaction conditions for selective CO oxida-
tion in the presence of 15 vol.% CO2 (with W/F =
0.144 g s cm−3) at a, particular for each sample, re-
action temperature. At that reaction temperature each
sample exhibited an initial CO conversion of ca.
99%. The variations of the CO and O2 conversions
and of the selectivity with the time each sample
remained under these reaction conditions are de-
picted in Fig. 4a–c for the Au/�-Fe2O3, CuO–CeO2
and Pt/�-Al2O3 catalysts, respectively. As it can be
seen from these figures, both the CuO–CeO2 and
Pt/�-Al2O3 catalysts exhibited a perfectly constant
catalytic behavior during this first period. In contrast,
the Au/�-Fe2O3 sample lost a significant part of its ac-
tivity during the first 75 h and remained stable for the
rest 25 h.

Following this first 100 h period, the stability of the
catalysts was tested under reaction conditions for the
CO selective oxidation in the presence of both CO2
and H2O in the reactant feed. The time at which H2O
was first added in the feed for each sample is indi-
cated in the corresponding figure by a small vertical
line. Due to the deactivation caused by the presence of
H2O, the reaction temperature was increased to a new
value in order for the CO conversion to continue being
close to ca. 99%. Specifically, for the Pt/�-Al2O3 cat-
alyst, the temperature had to be slightly decreased in
order to avoid the O2 conversion being too close to the
100% value. The samples remained under these condi-
tions for an additional period of 70–80 h. As seen from
Fig. 4c, in the presence of both CO2 and H2O the CO
conversions achieved over the Pt/�-Al2O3 catalyst var-
ied in the region 93± 7% without any sign, however,
of a continuous deactivation with the time on stream.
Similar (but of lower amplitude) variations around a
steady mean value are also observed for the selectivity
and the O2 conversion. The reasons for these variations
are not yet clear. However, we have performed an ad-
ditional long time run with the Pt/�-Al2O3 sample at
a lower reaction temperature (125◦C) and this behav-
ior was not repeated; no variation of the CO conver-
sion, unless within experimental error, was observed
in the presence of both CO2 and H2O. Finally, both

the Au/�-Fe2O3, and CuO–CeO2 catalysts exhibited a
stable catalytic performance when both CO2 and H2O
were present in the feed (Fig. 4a and b).

4. Conclusions

Three different catalysts (Au/�-Fe2O3, CuO–CeO2
and Pt/�-Al2O3) were prepared and compared for their
catalytic behavior for the selective oxidation of CO in
the presence of excess hydrogen. The effects of the
presence of CO2 and H2O in the reactant feed on the
activity and selectivity of these catalysts, as well as
their stability under realistic reaction conditions were
also investigated. The following main conclusions may
be drawn from this work:

• At relatively low reaction temperatures (<80–
120◦C, depending onW/F and feed composition)
the Au/�-Fe2O3 catalyst is superior to the other
two for the selective CO oxidation, regardless of
whether CO2 or both CO2 and H2O are present in
the reactant feed.

• At higher reaction temperatures, best results for the
selective CO oxidation (regardless of whether CO2
or both CO2 and H2O are present in the reactant
feed) are obtained with the CuO–CeO2 catalyst,
which proved to be more (or equally, depending on
conditions) active but in all cases remarkably more
selective than the Pt/�-Al2O3 catalyst.

• Adding 15 vol.% CO2 in the reactant feed, gener-
ally, provokes a decrease in both the activity and
selectivity of all three catalysts for the selective CO
oxidation. The magnitude of this negative effect de-
pends on the nature of the catalyst. Au/�-Fe2O3 was
found to be the most sensitive, while the Pt/�-Al2O3
catalyst was the most resistant towards deactivation
by CO2.

• The presence of 10 vol.% H2O (in addition to the
presence of CO2) in the reactant feed causes a sig-
nificant decrease on the activity of the Au/�-Fe2O3
and CuO–CeO2 catalysts. The activity of the
Pt/�-Al2O3 catalyst was decreased only for reac-
tion temperatures higher than 145◦C (at W/F =
0.144 g s cm−3), while the presence of both CO2
and H2O had a beneficial effect on the activity of
this sample at lower reaction temperatures. The
selectivity of all samples was diminished in the
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presence of both CO2 and H2O, the effect being
more pronounced in the case of the Au/�-Fe2O3
catalyst.

• With the exception of the Au/�-Fe2O3, the
CuO–CeO2 and Pt/�-Al2O3 catalysts exhibited a
stable catalytic performance, at least during the
time period tested in this work (7–8 days). The
Au/�-Fe2O3 catalyst lost a considerable portion
of its activity during the first 80 h under reaction
conditions.
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