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a b s t r a c t

The aim of this work is to study the influence of the addition of different oxides to an alumina support, on
surface acidity and platinum reducibility in platinum-based catalysts, as well as their effect on the activity
and selectivity in CO preferential oxidation, in presence of hydrogen. A correlation between surface acidity
and acid strength of surface sites and metal reducibility was obtained, being Pt-support interaction a
eywords:
atalyst
referential oxidation
uel processor

function of the acid sites concentration under a particular temperature range. In platinum supported on
alumina catalysts, CO oxidation follows a Langmuir–Hinshelwood mechanism, where O2 and CO compete
in the adsorption on the same type of active sites. It is noteworthy that the addition of La2O3 modifies
the reaction mechanism. In this case, CO is not only adsorbed on the Pt active sites but also on La2O3,
forming bridge bonded carbonates which leads to high reactivity at low temperatures. An increase on

deso
hyd
uel cell
ydrogen

temperature produces CO
CO oxidation with surface

. Introduction

In the transition to hydrogen economy, the development of pro-
esses that produce hydrogen from fossil fuels has a remarkable
orldwide interest. In these processes hydrogen is usually obtained

y steam reforming or partial oxidation in combination with the
ater gas shift reaction. The resulting gases contain about 1% of
O, which needs a further reaction stage in order to obtain a CO
ree stream. The aim of carbon monoxide preferential oxidation,
enoted as COPROX (1), is to diminish CO concentration at ppm

evels by means of selective oxidation with oxygen, producing CO2
n hydrogen presence, without H2 consumption.

O + 1
2

O2 � CO2 �H◦ = −287.6 kJ mol−1 (1)

It is necessary to optimize operation conditions such as temper-
ture, O2/CO ratio and catalyst mass/stream flow ratio, in order to
inimize the H2 oxidation (2) or the reverse water gas shift reac-

ion (3) which could take place simultaneously or consecutively,
ecreasing consequently hydrogen production efficiency.
2 + 1
2

O2 � H2O �H◦ = −242 kJ mol−1 (2)

2 + CO2 � CO + H2O �H◦ = −41.2 kJ mol−1 (3)

∗ Corresponding author. Tel.: +34 91 5854793; fax: +34 91 5854760.
E-mail address: ritapadilla@icp.csic.es (R. Padilla).

378-7753/$ – see front matter © 2009 Elsevier B.V. All rights reserved.
oi:10.1016/j.jpowsour.2008.12.157
rption from Pt surface sites and favours oxygen adsorption producing CO2.
roxyl groups was activated producing simultaneously CO2 and H2.

© 2009 Elsevier B.V. All rights reserved.

Catalysts used for COPROX processes in presence of H2 reported
in the literature can be classified in three types [1,2]: (1) gold cat-
alysts supported on one or two of the following oxides: �-Fe2O3,
TiO2, CoOx, NiOx, Mg(OH)2, CeO2, SnO2, MnOx, �-Al2O3 and ZnO;
(2) catalysts based on metal oxides, such as Cu, Ce, Mn, Co and Ni
alone or combined with others [3,4]; (3) noble metal catalysts (Pt,
Ir, Pd, Ru or Rh) supported on CeO2, Al2O3, SiO2, SiO2–Al2O3, La2O3,
MgO, CeO2, CexZr(1−x)O2, TiO2, morderite and active carbon [5,6].

The articles found in literature related to gold catalysts show
results where catalysts usually operate in the temperature range
50–100 ◦C, they are fed with CO, O2 and an inert gas (N2 or He)
using a O2/CO ratio between 1 and 20/1. Some studies of H2 addi-
tion (5–75%) were reported, being CO2 and H2O addition found less
frequently [7]. At low temperatures, highly dispersed gold parti-
cles over an oxide support showed high activity and selectivity.
However, the catalyst activity strongly depended on the preparation
method [8–10].

In the case of type two catalysts, catalyst are operated at temper-
atures between 80 and 160 ◦C, they are fed with CO, O2, H2 and an
inert gas, with an O2/CO ratio range between 1/1 and 10/1 and a H2
concentration of 40–50%, without CO2 addition. Finally, type three
catalysts are operated in a wide temperature range (80–300 ◦C) and
they are fed with 1% CO, 1–4% O2, 30–70% H2, 10–20% CO2 and

10–20% H2O.

Platinum supported catalysts are solid candidates to be used in
a fuel processor, due to their ability to operate at high temperatures
and their high resistance to deactivation by CO2 or H2O presence.
Many efforts have been made to improve the activity and selectiv-

http://www.sciencedirect.com/science/journal/03787753
http://www.elsevier.com/locate/jpowsour
mailto:ritapadilla@icp.csic.es
dx.doi.org/10.1016/j.jpowsour.2008.12.157
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ty of Pt catalyst used in COPROX process. For example, dopants and
romoters have been added to Pt/Al2O3 catalysts [11,12], in order to
inimize the adsorption of CO on Pt, which blocks the O2 adsorp-

ion sites (oxygen adsorption is the rate-determining step), making
O oxidation difficult. CO oxidation rate seems to decrease with the

ncrease on the strength of CO–Pt interaction.
The goal of this work is to study the influence of the addition

f support modifiers on the activity and selectivity of plat-
num supported on alumina-based catalysts. The effect on acidity,
educibility and the CO adsorption mechanism was also deter-
ined.

. Experimental

.1. Catalysts preparation

Four platinum-based catalysts were prepared by impregnation
n dissolution method. They were supported on alumina (PtAc) and
lumina with 20 wt.% SiO2 (PtSiA), 50 wt.% MgO (PtMgA) and 3 wt.%
a2O3 (PtLaA), H2 PtCl6·6H2O (Degussa) was the precursor salt used
or the active phase. The nominal platinum concentration was 1
t%. After drying in air (110 ◦C, 12 h), the catalysts were calcined in

ir at 500 ◦C for 2 h.

.2. Characterization

Specific surface area (SBET) was measured by N2 adsorption at
7 K in a Micromeritics Asap 2010 apparatus. Prior to measurement,
he sample was out-gassed at 140 ◦C during 24 h on a Vacprep 061
b Micromeritics equipment.

XRD patterns were obtained on powder samples in a diffrac-
ometer Seifert XRD 3000P at 2� range 2–100◦, using Cu K� radiation
� = 1.540598 Å), removing K� radiation by a nickel filter, with

0.05◦ s−1 scanning and a accumulation time of 2 s. Crystalline
hases were identified comparing the patterns obtained with Joint
ommittee on Powder Diffraction Standards 1971 data base.

The acidity and the acid strength of the support sites were deter-
ined by temperature programmed NH3 desorption, performed in
Micromeritics Asap 2010. Samples were out-gassed in a Vacprep

61 Lb Micromeritics apparatus.
Temperature programmed reduction (TPR) tests were per-

ormed with 10% H2–90% N2 (50 cm3 min−1) in the temperature
ange of 25–700 ◦C. Tests were performed in a micro-activity equip-
ent, PID Eng&Tech being hydrogen consumption analyzed by an

gilent 6890N chromatograph equipped with TCD and FID detectors.
Metal dispersion (DM) defined as metal particles present on

he surface of the catalyst vs. total amount of metal contained
n the catalyst, was determined from H2 dynamic chemisorption

easurements carried out in a Pulse Chemisorb 2700 Micromerit-
cs apparatus. Samples were reduced under pure H2 and they

ere further out-gassed under argon flow. It is well-known the
echanism of hydrogen adsorption on Pt sites. Considering a
issociative adsorption, the adsorption stoichiometry considered
o calculate platinum dispersion was Had:Pts = 1:1. Therefore, the
xposed platinum surface was calculated from the hydrogen con-
umption taking into consideration that physisorption on the metal
nd the support are negligible.

able 1
extural features of supports and catalysts: BET surface area (SBET), pore diameter (dpore),

upport SBET (m2 g−1) dpore (nm) Vpore (cm3 g−1)

c 93.2 48.6 0.285
gA 140.6 10.4 0.505

iA 390.3 6.8 0.772
aA 148.2 10.4 0.505
ources 192 (2009) 114–119 115

CO chemisorption isotherms were obtained in a volumetric
apparatus at 25 ◦C up to 180 Torr. CO TPD (temperature pro-
grammed desorption) experiments were performed to obtain
information about surface active sites distribution. A 0.15 mg pow-
der catalyst sample was placed in an adsorption reactor and was
submitted to a reduction pre-treatment. TPD experiments were car-
ried out by increasing temperature rate of 10 ◦C min−1 from room
temperature up to 500 ◦C and maintaining at 500 ◦C for 10 min.
Composition of desorbed gases was measured by a mass spec-
trometer Pfeiffer Vacuum GMBH D 35614 connected to a vacuum
volumetric apparatus.

2.3. Activity tests

Catalytic tests were carried out in a Microactivity Reference PID
Eng&Tech equipment. The catalytic bed was formed by a catalyst
sample and an inert diluter (SiC) in a 1:4 weight ratio. Prior to the
catalytic measurement, the catalysts were reduced in situ with pure
H2 flow of 100 cm3 min−1 for 1 h at 500 ◦C. Catalytic samples were
submitted to a temperature scan from 25 to 255 ◦C. The reaction
mixture composition was 41% H2, 1% CO and 1% O2 (N2 balance)
being the W/F ratio 0.09 gcat s cm−3. Oxygen concentration fed was
twice the stoichiometric (� = 2, � = 2[O2]/[CO]).

W/F ratio (4) is defined as the catalyst mass (Wcat) divided by
the gas flow fed (FT):

W

F
(gcat s cm−3) = Wcat

FT
(4)

Catalytic activity denoted as XCO is defined in the following equa-
tion:

XCO(%) =
(

([CO]in − [CO]out)
[CO]in

)
· 100 (5)

where [CO]in: mol of CO in reactor input, [CO]out: mol of CO in
reactor output.

Selectivity to CO2, defined as the oxygen converted to produce
CO2 vs. oxygen converted to produce H2O, was calculated using an
oxygen mass atom-gram balance in each chromatograph analysis
(Eq. (6)):

SCO2 (%) =
(

2 [CO2]
(2 [CO2] + [H2O])

)
· 100 (6)

The product reaction analysis was performed with an on-line
Agilent 6890N chromatograph, equipped with TCD and FID detec-
tors.

3. Results and discussion

3.1. Characterization

Texture parameters for each support and catalyst considered,
calculated from isotherms, are compiled in Table 1. The support
with SiO2 (SiA) showed the highest surface area (390 m2 g−1), fol-

lowed by LaA and MgA (supports with La2O3 and MgO, respectively)
(148 and 140 m2 g−1,respectively), and finally by alumina (Ac)
(93 m2 g−1). After the impregnation of Pt, surface area decreased,
especially for PtSiA catalyst. A decrease in pore diameter and an
increase in pore volume are also observed in PtAc. However, in

pore volume (Vpore).

Catalyst SBET (m2 g−1) dpore (nm) Vpore (cm3 g−1)

PtAc 92.3 22.3 0.710
PtMgA 130.8 8.8 0.231
PtSiA 351.6 6.1 0.756
PtLaA 141.2 10.3 0.496
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Table 2
Supports acidity and acid strength (A.S.) by NH3 chemisorption at 30 ◦C.

Support NH3 chemisorbed (�mol g−1) Acidity (1020 acid sites g−1) A.S. (%)

100 (◦C) 200 (◦C) 300 (◦C)

A
M
S
L

P
o

A
P
s
t
M
i
c
1
a
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c
I
m
c
i
c
r

P
o
t
d

a
s
b
b
t
s

t

F
c

c 4170 2.51
gA 2880 1.73

iA 7950 4.79
aA 3560 2.14

tMgA catalyst pore volume decreased, remaining the same for the
ther catalysts.

By X-ray diffraction, the presence of �-Al2O3 (47-1770) and �-
l2O3 (47-1308) phases were identified in Ac support as well as in
tAc catalyst. In MgA support and PtMgA catalyst, the highest inten-
ity bands, that could be ascribed to �-Al2O3 (47-1308), are shifted
o lower diffraction angles. This fact can be due to the insertion of

gO in the Al2O3 structure, forming Al2Mg1−xO4−x species, though
t was not detected by X-ray analysis. In SiA support and in PtSiA
atalyst, the main diffraction peaks can be ascribed to �-Al2O3 (47-
308) and Al1.9Si0.06O2.95 (37-1483). In the diffractograms of LaA
nd PtLaA the peaks of higher intensity can be ascribed to �-Al2O3
47-1308 and 48-367). The absence of peaks ascribed to lanthanum
ompounds should not be attributed to the low La2O3 content (3%).
t can be explained by the high dispersion level of La on the alu-

ina surface that can be amorphous or microcrystalline. At surface
oncentrations lower than 8.5 �mol m−2, La2O3 forms a 2D layer
nvisible to X ray [13], being the surface concentration in the PtLaA
atalyst we prepared, 0.26 �mol m−2, which is lower than the value
eported previously.

In addition, diffraction peaks ascribed to Pt species (ref. 75-1059,
tO2) are not detected, what can indicate a high dispersion rate of Pt
ver the supports. It is important to note that we worked at detec-
ion limit levels (1%), being difficult to discriminate in crystalline
iameters lower than 5 nm.

Chemisorption measures with NH3 are compiled in Table 2. The
cidity order of the supports was MgA < LaA < Ac < SiA. The acid
trength (A.S.) is connected with the desorption temperature of the
asic centres, defined as the NH3 centres that are not desorbed after
eing out-gassed at 100, 200 and 300 ◦C. The acid strength order of

he supports was MgA < SiA < LaA < Ac. So, Ac was the support that
hows the highest acid strength.

In TPR tests (Fig. 1), two peaks, corresponding to the Pt reduc-
ion, were identified. In PtAc, PtSiA and PtLaA catalysts, the first

ig. 1. Temperature programmed reduction experiments (TPR) performed with the
atalysts PtAc, PtMgA, PtSiA, PtLaA.
100 91.5 84.7
43.2 0 0
77.9 60.9 0
99.8 60.2 29.5

peak was observed between 150 and 220 ◦C and the second one
between 390 and 460 ◦C. At 250 ◦C, the reduction of most part of
PtOx species happens. The second peak (430 ◦C) is the result of
the reduction of the PtOx species that shows a stronger interac-
tion with the support [14–16]. Comparing the Pt reducibility order
with the acid strength of the support, we can affirm that as the
acid strength of the supports decreases, the catalyst is more easily
reducible (Table 2). Therefore, the interaction between Pt and the
support depends on the acid centres concentration.

By hydrogen pulsed chemisorption, the exposed metallic sur-
face was determined. All the catalysts showed a high dispersion
(Table 3), with the exception of PtMgA, what confirms the rela-
tion between the Pt dispersion in the catalysts surface and the acid
strength of the supports. PtMgA catalyst, with the lowest acidity
and acid strength, is the one which showed the lowest Pt disper-
sion and consequently the highest particle size, though it has a high
surface area. PtLaA catalyst is the one with the highest dispersion
(85.9%), because La2O3 works as a stabilizer in the distribution of
the metallic particles, leading to a lower crystal size [17]. As lan-
thanum strongly modifies the morphology of alumina support, it
provides an increased number of nucleation sites for metals dur-
ing the synthesis of the catalyst, leading to an enhancement of the
initial repartition and dispersion of the metallic phase [18].

In CO TPD tests (Fig. 2), the profile of the desorbed species vs.
temperature (25–500 ◦C at a temperature rate of 10 ◦C min−1 (a),
and isotherm period at 500 ◦C (b)), is shown for each of the cata-
lysts considered. They show wide desorption peaks which means
some heterogeneity in the adsorption sites. This heterogeneity is
a result of different activation energies for desorption which are
a function of the surface coverage of CO on the Pt surface and
depends on the size distribution of the Pt particles [19]. Two peaks
ascribed to CO desorption can be differentiated, one at low tempera-
ture (200–260 ◦C) and the other at high temperature (400–500 ◦C),
taking place the highest intensity desorption at low temperature
[20,21]. CO desorption at low temperatures is associated with the
linear CO adsorption over small Pt particles. CO desorption at high
temperatures can be ascribed to bridge bonded CO species [22,23],
or with the species adsorbed in more inaccessible sites, what would
need a higher temperature to be desorbed [22,24]. In PtAc and PtSiA
catalysts, CO desorption (Fig. 2i and iii) began at higher tempera-
tures than in the case of PtMgA and PtLaA catalysts (Fig. 2ii and iv),

what can be related with the highest acidity of Ac and SiA supports
[25]. In all cases, in the isotherm stage (at 500 ◦C), the CO desorp-
tion profile was similar, with a gradual decrease until their total
desorption.

Table 3
Measurements of hydrogen chemisorption, active superficial centres, catalysts
metallic dispersion (DM) and particle diameter, calculated by H2 chemisorption at
25 ◦C.

Catalyst Chemisorbed
H2 (�mol. g−1)

Active superficial
centres (�molPt gcat

−1)
DM (%) dp (nm)

PtAc 19.2 38.4 81.4 1.4
PtMgA 10.5 21.1 40.3 2.4
PtSiA 18.1 36.2 81.0 1.4
PtLaA 19.4 38.7 85.9 1.3
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decreased. On the other hand, the stability of CO conversion in PtLaA
catalyst between 165 and 255 ◦C, indicates that CO adsorption does
not depend on temperature, what may be due to CO and O2 adsorp-
tion are taking place in different types of centres, without diffusion
problems over the catalysts surface.
ig. 2. CO temperature programmed desorption experiments (TPD) performed afte

The CO2 desorption intensity is a hundred times lower than CO
dsorption, due to O2 was not introduced directly, it came from
he oxygen species or from the OH− groups contained within the
upports. Nevertheless, it is noteworthy that CO2 desorption was
ifferent for each catalyst. In PtAc, PtSiA y PtLaA catalysts there are
hree desorption temperatures: 250, 380 and 500 ◦C, what means
hat oxygen came from three different species. CO2 desorption in
tAc, PtSiA and PtMgA catalysts was detected after 200 ◦C. How-
ver, in PtLaA catalyst, the first desorption peak was detected after
40 ◦C and the CO2 intensity profile is much higher, what means a
reater participation of lattice-oxygen coming from the support in
his catalyst. In the isotherm period, a maximum for CO2 desorption
n the first minutes, is observed, decreasing after that.

H2 desorption took place simultaneously with the CO desorption
inimum, located between the high and low temperature peaks. In

tAc y PtSiA catalysts, H2 desorption was prolonged in the isotherm
tage contrary to PtMgA and PtLaA catalysts, in which H2 desorp-
ion was completed when the heating ramp finished. This fact is
ssociated with the presence of less acid centres (OH−) in PtMgA
nd PtLaA catalysts and to their higher reactivity, what is justified
y the lower temperature at which H2 begins to desorb. In PtLaA
atalyst, the desorption occurred after 350 ◦C, while for PtMgA, PtAc
nd PtSiA catalysts it was necessary to increase the temperature up
o 380–400 ◦C, approximately.

In PtAc and PtSiA catalysts, a slightly H2O desorption happened
fter 5 min of the isotherm period. However, in PtMgA and PtLaA
atalysts, the H2O desorption in the isotherm period had a signif-
cant intensity. In PtLaA catalyst, it also takes place at 350 ◦C. H2O
esorption, in a higher quantity and a lower temperature, was due
o the higher reactivity of OH− groups, contained in the lowest
cidity supports (MgA and LaA).

From the CO TPD test we can conclude that, in O2 absence, the
hemisorbed CO can react with the oxygen that comes from lat-
ice or with OH− groups contained in the support, producing CO2.

t temperatures lower than 400 ◦C, the two CO2 desorption peaks
robably comes from the reaction between CO and the oxygen of
he support. Two types of Pt centres which can be ascribed to these
esorption peaks, were observed in PtAc and PtSiA and with more
elevance in PtLaA catalyst.
O adsorption at 25 ◦C for the catalysts: (i) PtAc, (ii) PtMgA, (iii) PtSiA, (iv) PtLaA.

At around 500 ◦C, the reaction between CO and OH− groups
is favoured to produce CO2 and H2 simultaneously, what can be
explained due to CO2 desorption and H2 desorption took place
simultaneously.

3.2. Reaction results

The evolution of CO conversion vs. temperature for each of the
catalysts considered is shown in Fig. 3. For all the catalysts studied,
CO conversions higher than 99% were obtained. It is remarkable
that PtLaA catalyst showed a different behaviour compared with
PtAc, PtMgA and PtSiA catalysts. On one hand, in these catalysts
CO conversion increased until a certain temperature and after that
Fig. 3. Evolution of CO conversion as a function of the reaction temperature for (of)
PtAc ( ), PtMgA ( ), PtSiA (�), PtLaA ( ) catalysts.
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The addition of 3% wt of La2O3 on Al2O3, has modified the reac-
ig. 4. Temperature needed to achieve a CO conversion of 50% (T50) and catalytic
ctivity of PtAc, PtMgA, PtSiA, PtLaA catalysts.

The light-off temperature or T50, defined as the temper-
ture necessary to achieve a CO conversion of 50%, was
ifferent for each of the catalysts considered, being the order
tMgA < PtLaA < PtAc < PtSiA (Fig. 4). The addition of alkaline met-
ls over Al2O3 supports modified the interaction between CO and
t [11], due to the increase in the electronic density, resulting from
he electronic transference from the alkaline metal to Pt. One of the
upports used in this work was MgA which composition is 50% of
gO and 50% of Al2O3. MgO decreases Al2O3 acidity as the results

btained by the acidity test confirmed and as Cho et al. reported
11]. This fact led to an increase in the catalyst activity because it
eems that at higher temperatures, OH− groups coming from the
upport react with CO forming hydrocarbonils, O2 is adsorbed dis-
ociatively over Pt which has a high electronic density and reacts
ith the hydrocarbonils forming CO2 [26]. This fact was confirmed

n the TPD test, where from 300 ◦C CO2 was detected simultane-
usly with H2, due to the reaction between OH− groups and the
dsorbed CO, leading to both products.

The catalytic activity was estimated in order to compare each
f the catalyst considered (Fig. 4). It was calculated as the CO mol
onverted per unit of time and catalyst weight, at a certain tem-
erature. It followed the order: PtSiA � PtAc < PtMgA < PtLaA. Some
uthors affirm that although La2O3 does not modify the reaction
echanism, it increases the concentration of the active catalytic

ites on the surface [17]. However, as a consequence of our results,
e can conclude that La2O3 do modify the reaction mechanism,
romoting the CO adsorption. In literature, some tests that can
orroborate our results can be found, as for example measure-
ents of the initial adsorption enthalpies of NH3 over Al2O3 and

a2O3–Al2O3, using NH3 microcalorimetric adsorption techniques
27]. Zou et al. used an alumina support modified with 10% of La2O3.
he results (measured at 150 ◦C) showed that at low levels of NH3
overage (<50 �mol g−1), the initial adsorption enthalpies were
25 kJ mol−1 in the case of Al2O3 and 103 kJ mol−1 for La2O3/Al2O3.
o, the decrease in the adsorption enthalpies is directly related to
he decrease in the acidity. The addition of La2O3 to the support
ecreases the CO adsorption enthalpy and consequently it increases
he reactivity.

Comparing PtLaA and PtAc catalysts, we observe that T50 for
tLaA catalyst was lower than for PtAc catalyst, therefore the cat-
lytic activity was higher. In PtLaA catalyst, CO conversion was
avoured at low temperatures, because it was not necessary to

esorb CO in order to leave enough surface centres for O2 adsorp-
ion. Comparing their TPD profiles (Fig. 2i and iv), we can see a
emarkable increase in the intensity of the first peak ascribed to CO2
esorption (235 ◦C) in PtLaA with respect to PtAc catalyst (275 ◦C).
Fig. 5. Evolution of CO2 selectivity as a function of the reaction temperature of PtAc
( ), PtMgA ( ), PtSiA (�), PtLaA ( ) catalysts.

This fact can be connected with the different CO adsorption mech-
anism involved in each of these catalysts. CO adsorption depends
on the support acidity (Table 2), leading to the formation of differ-
ent species in the catalyst surface. In La2O3 presence, carbonated
species (bidentate carbonates) are formed, which is in keeping
with the results obtained by Martin and Duprez [28]. They studied
the surface oxygen mobility in different oxides used as supports
and they correlated them. Their results showed that the oxides
that showed higher surface acidity practically did not show oxy-
gen mobility. Consequently, in PtLaA catalyst, whose support has
a lower surface acidity than PtAc catalyst, the bidentate carbon-
ates formation is favoured. These species can be responsible for
the different ways of CO adsorption, overcoming the limitations in
CO and O2 adsorption and favouring a high activity at low reaction
temperatures.

O2 conversion behaves similarly to CO conversion up to 150 ◦C,
when the profile changes completely, being the O2 conversion prac-
tically total.

The selectivity to CO2 between 25 and 255 ◦C (Fig. 5) was next to
100% in all the catalysts considered, which shows that oxygen was
converted into CO2 selectively. In PtAc catalyst, from 65 to 115 ◦C,
a decrease in the selectivity to CO2 was observed. This fact can be
explained by the residual H2 oxidation that remained chemisorbed
in the catalyst support since the reduction stage.

Considering these results obtained in the conditions previously
reported, we can affirm that PtAc, PtLaA, PtSiA and PtMgA catalysts
are highly selective to CO preferential oxidation, since selectivity to
H2O is negligible.

4. Conclusions

The great influence of the support on the activity and selectiv-
ity of the catalyst has been proved in this work. The presence of
basic oxides in the support, as MgO and La2O3, decreases the surface
acidity, what facilitate the PtOx reducibility leading to a decrease in
the catalyst light-off temperature and an increase in the catalytic
activity.

In O2 absence, CO2 desorption took place in PtLaA catalyst even
at low temperatures, what indicates that in La2O3 presence, the
reaction mechanism differs from PtAc, PtMgA and PtSiA catalysts.
tion mechanism in which O2 and CO do not compete during the
adsorption stage, contrary to Langmuir–Hinshelwood mechanism
in which it is necessary to increase temperature in order to partially
desorb CO for leaving some free sites for the dissociative oxygen
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dsorption. PtLaA catalyst shows a completely different behaviour,
here CO is not only adsorbed over the Pt active centres, but also

ver La2O3, leading to bidentate carbonates which show a high
eactivity at low temperatures. The increase of temperature also
roduces a partial desorption of the CO adsorbed over Pt, favouring
he oxygen adsorption and CO2 production. In addition, at higher
emperatures, CO oxidation is activated with OH− groups producing
O2 and H2.

At the light of the results obtained, PtLaA is the catalyst which
hows the highest activity and therefore, the lowest light-off tem-
erature, and the highest selectivity in CO preferential oxidation,
eing the selectivity to H2O negligible.
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