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Abstract�� The behavior of catalysts based on 

Pt/�-Al2O3 is analyzed in the CO oxidation reaction. 

Experiments were performed in the temperature 

range between 50°C and 250°C with a feed H2 rich, 

and a concentration of 1% CO and 0.6% O2 Cata-

lysts studied were: monometallic Pt/�-Al2O3, bimetal-

lic PtSn/�-Al2O3 with a ratio Sn/Pt=1.6 at/at and two 

catalysts prepared by modification of the last one 

with K or Ba. The catalyst that showed maximum 

activity and selectivity levels is the PtSnK/�-Al2O3. 

The tin addition increases the activity which allows 

the reaction to occur at lower temperatures due to 

the decrease in the CO-Pt interaction. The addition 

of K or Ba produces a subsequent improvement with 

respect to the CO oxidation temperature, which 

leads to a selectivity increase. The selectivity of the 

CO oxidation passes through a maximum value as a 

function of the temperature. This maximum is ex-

plained by the importance acquired by the reverse of 

water gas shift reaction at temperatures near 200ºC. 

Keywords�� Preferential Oxidation, Hydrogen 

purification, PtSn/� -Al2O3. 

I. INTRODUCTION 

The requirements imposed world wide demand the 
search of technological alternatives, although the con-
trol of gaseous emissions from conventional thermal 
machines has experienced some advances. One of these 
alternatives is the use of fuel cells fed by hydrogen, that 
allow to optimize the use of the more scarce energetic 
resources since they are capable to convert the energy 
from chemical to mechanical one with an efficiency 
quite higher than the one of the conventional thermal 
machines. For example, in the case of internal combus-
tion engines of mobile sources, the fuel cells are able to 
almost duplicate their efficiency with null or minimum 
emissions of pollutants.  

The hydrogen is a fuel with difficulties for its distri-
bution as well as for its storage, consequently the chal-
lenge is to generate it in situ (on board) or in a service 
station, from the reforming or partial oxidation of natu-
ral gas, hydrocarbons, methanol or ethanol. In all cases 
the formation of carbon oxides (CO and CO2) is un-
avoidable. The carbon monoxide must be eliminated 
because in concentrations higher than 20 ppm it leads to 
the deactivation of the electrodes of the fuel cells type 
PEM (Polymer Electrolyte Membrane) used for these 

systems (Manasilp and Gulari, 2002)  
The need that the generated hydrogen must be an ul-

tra pure product forces to technological solutions such 
as membrane reactors or catalytic processes for purifica-
tion. In the case of membrane reactors, that allow the 
selective passage of hydrogen, one of the difficulties to 
defeat with actual technologies is the necessity to oper-
ate with a high pressure difference on both sides of the 
membranes (Irusta et al., 2005). In catalytic purification 
processes part of the carbon monoxide can be elimi-
nated via water gas shift reaction (WGSR), up to levels 
between 500 and 1000 ppm fixed by thermodynamics. 
The CO remainder can be eliminated by methanization 
or by selective oxidation (Preferential oxidation, 
PROX), in which the conversion of hydrogen must be 
minimized. The methanization is easily performable in 
presence of catalysts based on Ni (Takenaka et al., 
2004; Schubert et al., 2004; Farrauto, 2005); however, 
they present as a problem the need to reach high tem-
perature levels for an effective elimination (>250ºC); on 
the other hand the use of Ni in mobile applications is 
considered a potential health hazard.  

Since investigations about the development of cata-
lysts with higher tolerance to the CO presence continue, 
the PROX appears as the most adequate way to feed 
ultra pure hydrogen to the fuel cells. In this case differ-
ent catalytic systems have been studied and they can be 
classified in three groups:   

(i) Catalysts based on supported Au; they present a 
very high activity at low temperatures (Margitfalvi et 
al., 2004; Trimm, 2005). These systems are strongly 
dependent on the preparation method and in general 
they present deactivation problems and penalization of 
the selectivity by hydrogen oxidation at temperatures 
higher than 80ºC (Recupero et al., 2004). Evidences 
about resistance to poisoning and to sintering through 
experiments at prolonged times seem necessary for 
these systems.   

(ii) Catalysts based on supported Cu were also stud-
ied with good results for the activity, although problems 
inherent to Cu with respect to the stability and to the 
control of its oxidation state seem not to be defeated 
(Recupero et al., 2004; Shiau et al., 2006; de Souza, et 
al., 2006).  

(iii) Catalysts based on noble metals (Pt, Ru, Rh, Pd) 
have demonstrated to be active in the oxidation of CO to 
CO2 even at low temperatures (Roberts et al., 2003; 
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Mariño et al., 2004; Wootsch et al., 2004; Bourane and 
Bianchi, 2004; Avgouropoulos and Ioannides, 2005). In 
the case of these type of catalysts modified by tin, it has 
been demonstrated that the interaction MSn (M:Pt, Pd) 
increases the oxidizing activity (Grass and Lintz, 1977; 
Margitfalvi et al., 2002), which is attributed to the pres-
ence of SnOx sites in intimate interaction with the noble 
metal. Furthermore, alkali-metal promotion of platinum 
and rhodium catalysts was observed to enhance the cata-
lytic performance of these catalysts in preferential oxi-
dation (PROX) of CO in hydrogen-rich streams for fuel-
cell applications (Tanaka et al., 2003, Mirkelamoglu 
and Karakas, 2006).  
 In this work, the behavior of Pt supported on �-
Al2O3 catalysts, modified by Sn, is analyzed in presence 
of alkaline or alkaline earth metals (K, Ba). The Sn ad-
dition by controlled preparation techniques coming from 
the surface organometallic chemistry on metals (SOMC/ 
M) produces geometric and electronic modifications 
that induce to changes in the catalytic properties of the 
active phase as it was observed in previous works (Siri, 
et al., 2005a). The changes by addition of alkaline and 
alkaline earth metals generate modifications not only on 
the acid-basic properties of the support but also on the 
properties of the metallic phase (Siri, et al., 2005b).  

II. METHODS 

A. Catalyst Preparation.  

A commercial �- Al2O3 (Cyanamid Ketjen) crushed to a 
size of 60-100 mesh was used as support. For the prepa-
ration of the platinum monometallic catalyst, an im-
pregnating solution of H2PtCl6 was added onto the sup-
port so as to obtain 1% w/w Pt exchanged. Then, the 
solids were repeatedly washed, dried at 105 °C, calcined 
in air at 500 °C and reduced in flowing H2 at the same 
temperature, leading to the monometallic Pt/ �- Al2O3 

catalyst. After the reduction step, the Pt/ �- Al2O3 cata-
lyst was washed several times with a NH3 aqueous solu-
tion (0.1 M) at room temperature, in order to obtain a 
chlorine concentration under 0.1% in the resulting solid. 
The bimetallic systems have been prepared by reaction 
between the monometallic catalyst and SnBu4 dissolved 
in n-decane, maintaining a H2 flow of 30 cm3 

min-1 and 
a temperature of 150°C during the reaction time in order 
to obtain Sn/Pt ratio of 1.6 as it is reported in references 
(Siri, et al., 2005a). After 4 h of reaction, the systems 
were cooled to room temperature and were repeatedly 
washed with n-heptane under a H2 atmosphere. The 
elimination of the organic groups heating the solids in a 
H2 atmosphere at 500°C generates the supported bi-
metallic PtSn catalysts. PtSnM/ �-Al2O3 (M: Ba, K) 
were obtained by adding impregnating solutions of 
Ba(NO3)2 and KOH, so as to obtain M/Pt ratios of 8.5 
and 10, respectively. Metallic contents were determined 
by Atomic Spectrometry.   

B. Charaterization.  

Transmission Electron Microscopy (TEM). The size 
distribution of metallic particles was determined by us-

ing a Jeol 100 CX instrument. To estimate the mean 
particle size (dva), the particles were considered spheri-
cal and the second moment of the distribution was em-
ployed.  

X-ray photoelectron spectroscopy (XPS). The sam-
ples were re-reduced in situ in the pre-treatment cham-
ber of the spectrometer. Spectra were obtained with a 
VG ESCALAB 200R spectrometer equipped with a 
hemispherical electron analyzer and an Mg K. 120 W X 
ray source. The reduction treatment was carried out in 
situ, by heating the samples under a hydrogen flow at 
500°C for 1 h. As internal standards the binding energy 
(BE) of the Al 2p peak at 74.5 eV was considered. The 
intensities were estimated by calculating the integral of 
each peak after subtraction of the S-shaped background 
and fitting the experimental peak to a Lorentzian/ Gaus-
sian mix of variable proportion.  

C. Activity Measurements.  

The catalytic tests were performed by placing the sam-
ple in a conventional flow reactor (6 mm internal di-
ameter, 50 mg of catalyst sample) at atmospheric pres-
sure and 50-250°C. The composition of the reaction 
products was analyzed on line with the reactor by using 
a Carlo Erba Fractovap series 2150 gas chromatograph 
with a FID detector and a Shimadzu GC 8A with TCD 
detector. Total flow feed was 100 cm3min-1. Feed com-
position was 1% CO, 0.6% O2, 9% He and 89.4% Ar for 
tests in hydrogen absence and 1% CO, 0.6% O2, 9% He 
and 89.4% H2 for oxidation tests in hydrogen presence. 
Carlo Erba chromatograph was employed to analyze CO 
and CO2. The effluent of the reactor contains carbon 
oxides which can be separated in a Porapak 60/80 col-
umn of 3 m length and 3 mm internal diameter, kept at 
30°C and using H2 as carrier. After separation, CO and 
CO2, in the presence of hydrogen carrier were metha-
nized in a fixed bed reactor with a Ni/Al2O3 catalyst at 
450°C, so as to analyze the two methane peaks.  

Shimadzu chromatograph was employed to analyze 
H2, N2 and O2 with a Molecular Sieve 4A column of 3 
m length and 3 mm of internal diameter 

D. Results and Discussion 

TEM results show a narrow distribution of metallic par-
ticle sizes, with a mean particle size of 1.8 nm for 
monometallic platinum catalyst. This value indicates a 
high dispersion of the platinum phase (around 60%, 
Farrauto and Bartholomew, 1997). The particle size 
distribution of the bimetallic system PtSn/�- Al2O3 is 
quite similar to the corresponding monometallic one, 
presenting a moderated shift (0.4 nm) compatible with a 
selective deposition of tin over platinum, in agreement 
with previously reported results involving these kind of 
preparation procedures (Siri, et al., 2005a; Siri, et al., 
1997; Casella et al., 2000). TPR diagrams show two 
main peaks of hydrogen consumption, in the regions of 
75-110ºC and 360-440ºC, assigned to a weak and a 
strong metal support interaction, respectively (Kappen-
stein et al., 1995).   
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 XPS results show that platinum is completely re-
duced in all the samples studied, because the spectra 
contain only one peak corresponding to Pt centered 
around 314-315 eV (Pt 4d5/2). The reference value was 
taken from the NIST X Ray Photoelectron Spectroscopy 
Database (Wagner, 1989). In PtSn/ �- Al2O3 system, a 
downward shift of ca. 1 eV in the binding energy of 
platinum was observed with respect to the correspond-
ing monometallic catalyst. This fact would be indicative 
of the existence of an electronic effect of tin over plati-
num, in agreement with previously published results for 
PtSn/SiO2 catalysts prepared by Stagg et al. (1997). 
Studies carried out by Shen et al. (1999) from quantum 
chemical calculations employing density functional 
theories (DFT) for Pt19 and Pt16Sn3 clusters indicate that 
tin donates electrons to the 6sp and 5d orbitals of plati-
num. Rodríguez et al. (1998 a, b) investigated platinum-
tin surface alloys using synchrotron-based high resolu-
tion photoemission and ab-initio self consistent field 
calculations and concluded that Pt-Sn bond involves a 
Sn (5s, 5p) : Pt (6s, 6p) charge transfer together with a 
Pt (5d) : Pt (6s, 6p) rehybridization. In this same 
sense, in a previous study of a PtSn/SiO2 system by Pt 
L2,3 XANES, the existence of an electronic effect was 
also explained by means of the d:s, p rehybridization 
process taking place in PtSn 3-dimensional small nano-
clusters leading to an increase in the number of Pt 5d 
holes (Ramallo López et al., 2003).   
 Concerning tin oxidation state, the Sn 3d5/2 peak 
obtained by XPS contains two contributions. The first 
with a binding energy of around 484 eV is assigned to 
Sn(0) according to the well determined values (484.9 
eV) obtained by Rodríguez et al. (1998a); the second 
contribution corresponds to Sn(II, IV), with a binding 
energy centered around 487 eV (Wagner, 1989). Results 
obtained for the fraction of metallic tin with respect to 
total tin (Sn(0)/SnTOTAL) and Sn(0)/Pt ratio are also pre-
sented in Table 1. All supported bimetallic catalysts 
showed Sn(0)/SnTOTAL and Sn(0)/Pt ratios of around 0.2 
and 0.35, respectively. In this case, the existence of 
ionic tin is demonstrated. Its origin may be assigned to 
the migration of part of the tin, initially deposited onto 
the platinum via the reaction with SnBu4, to the plati-
num-support interface where it could be forming alumi-
nate. It is important to mention that blank impregnation 
experiments of SnBu4 onto �-Al2O3 demonstrated that in 
Pt  absence    there    is   no   reaction   between   the   or 

Table 1. TEM and XPS results and denomination of the stud-
ied catalysts.  

Catal. Denom. dTEM 

(nm) 
K/Pt or 
Ba/Pt 

Sn0/SnTot 
(Sn0/Pt) 

Pt 4 
d5/2(eV)

Sn 3 
d5/2(eV)

Pt/ �í 
Al2O3 

Pt 1.8   314.8  

PtSn/ �í 
Al2O3 

PtSn 2.2 
 

0.20 
(0.32) 

314.0 484.0 -
487.2 

PtSnK/ �í 
Al2O3 

PtSnK nd 10 0.21 
(0.34) 

315.0 483.6 -
487.3 

PtSnBa/ 
�í Al2O3 

PtSnBa nd 8.5 0.22 
(0.35) 

314.3 484.3 -
487.3 

ganometallic compound and the support. In relation to 
Sn(0) atoms, the existence of a PtSn alloy interacting 
with diluted metallic Pt atoms was shown in a previous 
paper by using EXAFS experiments for PtSn/ �- Al2O3 

catalysts. The evolution of active phases starting from 
the monometallic catalyst Pt/ �- Al2O3 is shown in 
Scheme 1 (Siri et al., 2005a). 
Scheme 1. Representation of catalytic surface for PtSn 
catalysts. 

 
 
 With respect to catalysts modified by Ba and K, an 
effect of electronic nature on the Pt is also observed. In 
this case, this effect is interpreted as a positive shift of 
0.3 and 1 eV for Ba and K, respectively. This fact indi-
cates that besides the known modifications that alkaline 
or alkaline earth metals produce on the acid-basic prop-
erties of the support (Siri et al., 2005b), they also inter-
act with the base metal as it appears from the changes 
observed in its electronic properties.   

CO oxidation in hydrogen absence.  
In these experiments, catalysts were previously reduced 
to 500 °C in H2 atmosphere, then the hydrogen was re-
placed by Ar and the reactor was cooled up to a tem-
perature of 50°C. Just in this moment, the reactive mix-
ture was fed with the following composition: 1% CO, 
0.6% O2, 9% He and 89.4% Ar. After two injections at 
the same conditions, the temperature was increased 
50°C until reach a maximum temperature around 
250°C. In this way, a precise information about the oxi-
dizing properties with respect to the carbon monoxide is 
obtained for the different active phases by using a 
CO/O2 ratio very near to the stoichiometric one. This 
means to be placed in the most possible severe condi-
tion with respect to the oxidation of CO to CO2. Results 
obtained are shown in Fig. 1, where it is possible to ob-
serve that all catalytic systems tested convert com-
pletely the CO at temperatures around 200°C.   
 Due to the reaction exothermicity, the existence of 
hot spots must not be discarded reaching in the solid 
phase temperatures higher than the ones really read by 
the thermocouple placed in the central sheath of the 
reactor (Ouyang and Besser, 2005). This situation 
would allow to explain the nature of the curves ob-
served in this type of selective oxidation reactions of 
CO (Mariño et al., 2004, Wootsch et al., 2004, Özdemir 
et al., 2004, Dudfield et al., 2001), where the conver-
sion passes from values of about 15% to values of 
around 100% in a narrow temperature range; however, 
it is important to mention that this effect is interpreted 
by some authors as a change in the reaction mechanism 
as a function of the temperature (Bourane and Bianchi, 
2004). 
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 In Fig. 1, the monometallic catalyst of Pt presents 
the lowest activity level between the different catalysts 
tested, reaching a 15% CO conversion at 190°C. The 
bimetallic catalyst PtSn shows a better oxidation capac-
ity since it reaches a conversion of about 15% at 160°C, 
while at 190°C, a 100% CO conversion is reached. Bi-
metallic PtSn catalysts modified with K or Ba are the 
ones that present the best activity levels achieving con-
versions of 15% at about 145ºC reaching 100% at 
around 180°C. 
 Taking into account these results it is evident that 
the Sn as well as the K or Ba addition presents a pro-
moter effect from the oxidizing capacity of the base 
metal (Pt). This is in agreement with that previously 
shown (Table 1) where it is possible to observe that the 
Sn addition to catalysts based on Pt modifies geometric 
and electronic properties of the active phase (Margit-
falvi et al., 2002, Akin et al., 2001, Okanishi et al., 
2006). According to microcalorimetric studies it was 
possible to demonstrate that there is a strong diminution 
of the adsorption heat of the CO by the Sn addition to 
Pt/SiO2 catalysts (Cortright and Dumesic, 1995), as the 
oxidation kinetics can be represented by an expression 
according to a Langmuir-Hinshelwood mechanism, 
where the CO appears in the denominator of such ex-
pression; this decrease of the adsorption heat allows to 
explain reasonably the increase of the catalytic activity 
(Akin et al., 2001). On the other hand, the Sn as it arises 
from XPS results shown in Table 1 is present in impor-
tant proportions as Sn ionic which confers it the capac-
ity to promote the O2 adsorption, followed by the re-
verse-spillover from the oxide onto Pt sites and surface 
reaction occurring on Pt sites between CO adsorbed and 
O (Grass and Lintz , 1997, Akin et al., 2001). 
 The promotion of the CO oxidation by the addition 
of alkaline or alkaline earth metals (K, Ba) is in agree-
ment with results reported in PdO/SnO2 catalysts pro-
moted by Na. In this case the catalyst showed an in-
crease in the oxidizing activity of CO to CO2, explained  

 
Figure 1. CO conversion as a function of the temperature for 
the different studied catalysts in H2 absence. For experimental 
conditions see the text. 

by the authors because of the formation of a ternary 
oxide (with the formula NaxPd3O4) able to increase the 
O2 storage capacity (Mirkelamoglu and Karakas, 2006). 

CO oxidation in hydrogen presence.  
In these experiments, catalysts were previously reduced 
at 500 °C in H2 atmosphere, the reactor was cooled up 
to 50 °C and then the reactive mixture was fed with the 
following composition: 1% CO, 0.6% O2, 9% He and 
89.4% H2. In this case an approximate stoichiometric 
ratio of CO/O2 is maintained, for a H2/CO ratio around 
90, which represents an extremely severe condition for 
the analysis of these systems from the point of view of 
the catalytic process.  
 Conversion results of CO and O2 are shown in Fig. 2 
and 3. In this case, in H2 presence, the difference of the 
behavior  between  catalysts  with  and without Sn is ex-  

 
Figure 2. CO conversion as a function of the temperature for 
the different studied catalysts in H2 presence. For experimental 
conditions see the text.   

 
Figure 3 O2 conversion as a function of the temperature for 
the different studied catalysts in H2 presence. For experimental 
conditions see the text. 
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tremely marked. The monometallic catalyst shows that 
the CO conversion becomes appreciable at 100°C (3%), 
while the O2 conversion reaches in these conditions the 
15%. A 15% CO conversion is observed at 150°C and 
O2 is completely consumed. At 210°C a CO conversion 
of about 68% is reached.   

Defining the selectivity for the CO oxidation as the 
half of the CO2 amount produced in relation to the O2 

amount consumed, it is clearly evident that at low tem-
peratures the selectivity is low since the O2 consumption 
is produced principally by water formation. The bi-
metallic catalyst PtSn produces the CO oxidation reac-
tion at lower temperature than the monometallic cata-
lyst. The selectivity increases with the temperature in-
crease up to reaching a temperature of about 115°C. The 
maximum conversion reached is about 55%. A subse-
quent temperature increase decreases slightly the selec-
tivity as it was also observed by Manasilp and Gulari 
(2002) and Kahlich et al. (1997). The addition of K or 
Ba decreases the temperatures of the CO maximum 
conversion as well as the total O2 consumption. Mul-
timetallic catalysts improve appreciably the activity of 
the CO oxidation and also the selectivity, as it is shown 
in Table 2.   

 In this case, where the selectivity at low tempera-
tures depends on the relative activities of the oxidation 
of CO to CO2 and the oxidation of H2 to H2O, the men-
tioned effect, due to modifications in the CO adsorption 
in PtSn systems with respect to supported Pt, produces a 
selectivity increase. The decrease of the chemisorptive 
properties of both reagents influences on the reaction. 
On one hand, the decrease in the CO adsorption allows 
a higher reaction rate toward the CO2 production due to 
a weakening of the strong interaction CO-Pt that origi-
nates the inhibition of the active sites (the global reac-
tion order for the CO is negative). On the other hand, 
the decrease of the H2 adsorption decreases the forma-
tion rate of water while the amount of active sites cov-
ered by this reagent diminishes.   

In catalytic tests, the selectivity passes through a 
maximum with the temperature increase as it was ob-
served in references (Manasilp and Gulari, 2002; 
Kahlich et al., 1997). This analysis is quite complex and 
subject to interpretations that sometimes could be ques-
tionable. Generally, the occurrence of thermal effects 
produced by the strong exothermicity of involved reac-
tions is not taken into account (reaction heats of CO to 
CO2=-2.83x105 

J/mol and of H2 to H2O=-2.42x105 

J/mol, 
Ouyang and Besser, 2005). These thermal effects could 
explain the light off observed in Fig. 1, 2 and 3 (conver-
sion vs. T), where it is clear that the slope of curves is 
lower in the monometallic Pt catalyst than in PtSn and 
PtSnK catalysts. These results are coherent with the 
higher oxidizing activity observed in multimetallic cata-
lysts with respect to the monometallic one, which has a 
stronger Pt-CO interaction.  
 With conditions used in these tests, the reverse of 
water  gas  shift  (RWGS)  reaction must  be  taken  into  

Table 2. Maximum selectivities reached for the different stud-
ied catalysts.  

Catalyst Temperature (°C) CO Selectivity (%) 
Pt 200 50 

PtSn 115 46 
PtSnBa 111 53 
PtSnK 105 58 

Table 3. Values of the KeqCalc, TCalc, TReact and ¨T=TCalc-TReact  

Catalyst KeqCalc TCalc (ºC) TReact (ºC) ¨T (ºC) 
Pt 0.0062 190 210 -20 

PtSn 0.0082 200 114 86 
PtSnBa 0.0049 180 111 69 
PtSnK 0.0034 170 105 65 

account (CO2+ H2<  CO + H2O ) . This reaction has 
been largely studied in homogeneous and heterogeneous 
catalysis associated in general to reactions that generate 
hydrogen or syngas, where it is accepted that the water 
gas shift reaction is in thermodynamic equilibrium (Wei 
and Iglesia, 2004). Taking this into account, the equilib-
rium constant was calculated from the exit compositions 
of the reactor (KeqCalc); with this value the temperature at 
which the thermodynamic equilibrium constant is equal 
at KeqCalc was determined (TCalc). In Table 3, the tem-
perature measured in the central sheath of the reactor 
(TReact) and the estimated temperature (TCalc) was com-
pared. The estimated temperature, TCalc , would be an 
indicative of the actual temperature on the solid phase.   
 Table 3 shows for modified systems that, the esti-
mated temperature is about 200°C, between 65-85°C, 
higher than the experimental value. Taking into account 
that the reverse of water gas shift reaction is found in 
almost thermodynamic equilibrium conditions, it is not 
surprising that the CO concentration remains about 
0.5% and decreases as the temperature raises. For this 
reason, the search for systems reaching a high conver-
sion of CO at low temperatures is very important to im-
prove the global yields of this process. In our case, the 
best activities observed in bimetallic and multimetallic 
systems could be partially penalized by the RWGS reac-
tion conversion assuming that the calculated reactor 
temperature (TCalc) gives a more real approximation of 
the temperature of the catalytic surface. 

III. CONCLUSIONS  
The catalysts prepared for this work showed to be active 
for the CO oxidation in the presence of high H2 concen-
trations at temperatures of about 200°C or lower.  

The catalyst that showing maximum activity and se-
lectivity is the PtSnK/ �-Al2O3. Addition of tin improves 
the activity and allows the reaction to occur at lower 
temperatures by a decrease in the CO-Pt interaction. 
The K or Ba addition produces a subsequent improve-
ment with regard to the CO oxidation temperature, lead-
ing to a selectivity increase in the CO oxidation with 
respect to the H2 oxidation.   

The CO selectivity passes through a maximum value 
as a function of the temperature. This maximum is ex-
plained by the importance gained by the reverse of wa-
ter gas shift reaction at temperatures near 200ºC, which 
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is potentiated by thermal effects not always reported. 
The optimization of this process must take into account 
the search for catalytic systems that work at low tem-
perature in order to avoid the influence of the RWGS 
reaction. 
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