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(57) ABSTRACT 

A catalyst that oxidizes carbon monoxide includes a bimetal 
consisting of platinum and a transition metal in a bimetallic 
phase that is loaded on Y-alumina Support. The catalyst is 
manufactured by uniformly mixing a platinum precursor, a 
transition metal precursor, and Y-alumina (Y-Al2O) in a 
dispersion medium to provide a mixture; drying the mixture; 
calcining the dried mixture; and reducing the calcined dried 
mixture. Since the catalyst that oxidizes carbon monoxide 
has high reaction activity even at low temperature and 
excellent reaction selectivity, and a methanation reaction 
and reoxidization do not occur, and the catalyst can effec 
tively eliminate carbon monoxide in the fuel. 
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FIG. 3A 
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FIG. 6A 
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FIG. 7A 
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CATALYST FOR OXDZING CARBON 
MONOXDE AND METHOD OF 
MANUFACTURING THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims the benefit of Korean 
Application No. 2005-99620, filed Oct. 21, 2005, in the 
Korean Intellectual Property Office, the disclosure of which 
is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003 Aspects of the present invention relate to a catalyst 
for oxidizing carbon monoxide and a method of manufac 
turing the same. More particularly, aspects of the present 
invention relate to a catalyst for oxidizing carbon monoxide 
having high reaction activity and excellent reaction selec 
tivity in which a methanation reaction and reoxidation do 
not occur, and a method of manufacturing the same. 

0004 2. Description of the Related Art 
0005 Fuel cells are electricity generation systems that 
directly convert the chemical energy of oxygen and the 
hydrogen in hydrocarbons such as methanol, ethanol, and 
natural gas to electrical energy. 

0006 Fuel cell systems consist of a fuel cell stack, a fuel 
processor (FP), a fuel tank, and a fuel pump. The fuel cell 
stack is the main body of a fuel cell, and includes several to 
several tens of unit cells, each including a membrane elec 
trode assembly (MEA) and a separator (or bipolar plate). 

0007. The fuel pump supplies fuel in the fuel tank to the 
fuel processor. The fuel processor produces hydrogen by 
reforming and purifying the fuel and Supplies the hydrogen 
to the fuel cell stack. The fuel cell stack receives the 
hydrogen and generates electrical energy by electrochemical 
reaction of the hydrogen with oxygen. 

0008. A reformer of the fuel processor reforms hydrocar 
bon fuel using a reforming catalyst. Since a hydrocarbon 
fuel typically contains one or more Sulfur compounds, and 
since the reforming catalyst is easily poisoned by Sulfur 
compounds, it is necessary to Subject the hydrocarbon fuel 
to desulfurization prior to the reforming process in order to 
remove Sulfur compounds prior to reforming the hydrocar 
bon fuel. 

0009 FIG. 1 is a schematic flow diagram illustrating fuel 
processing in a fuel processor used in a conventional fuel 
cell system. 

0010 Hydrocarbon reforming produces carbon dioxide 
(CO) and a small amount of carbon monoxide (CO) as 
by-products, together with hydrogen. Since CO acts as a 
catalyst poison in electrodes of the fuel cell stack, reformed 
fuel should not be supplied to the fuel cell stack until a CO 
removal process has been carried out. It is desirable to 
reduce the CO levels to less than 10 ppm. 

0011 CO can be removed using a high-temperature shift 
reaction represented by Reaction Scheme 1 below. 
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<Reaction Scheme 1 > 

CO+HO->CO+H, 

0012. A high-temperature shift reaction is performed at a 
temperature of 400 to 500° C. Generally, a high-temperature 
shift reaction is followed by a low-temperature shift reaction 
at a temperature of 200 to 300° C. Even after these reactions 
are performed, it is very difficult to reduce the CO levels to 
less than 5,000 ppm. 
0013 To solve this problem, a preferential oxidation 
reaction (referred to as the “PROX' reaction) represented by 
Reaction Scheme 2 below can be used. 

<Reaction Scheme 2> 

CO+%O-->CO, 

0014) However, a side reaction represented by Reaction 
Scheme 3 occurs together with the PROX reaction. 
<Reaction Scheme 3> 

H+%O-->HO 

0015 Thus, in order to maintain a high level of H while 
reducing CO, it is important to increase the rate of the PROX 
reaction represented by Reaction Scheme 2 and enhance the 
reaction selectivity for the PROX reaction by minimizing 
the side reaction represented by Reaction Scheme 3 as well. 
0016. Another serious potential problem is that a metha 
nation reaction may occur between CO to be removed and 
reformed hydrogen, as represented by Reaction Scheme 4 
below. It is important to inhibit this reaction since even 
limited methanation reactions can lead to a significant 
decrease in the hydrogen concentration and can affect the 
efficiency of the entire reforming process. 
<Reaction Scheme 4> 

CO+3H-->CH+HO 

0017 Conventional catalysts for oxidizing carbon mon 
oxide in the PROX reaction have low reaction selectivity. 
Further, when conventional catalysts are used, the metha 
nation reaction partially occurs and the conventional cata 
lysts lose reactivity by becoming reoxidized by oxygen in 
the reaction device during the catalytic operations or during 
intervals between operations. 

0018. Therefore, it is necessary to develop a PROX 
catalyst that has a high reaction activity and excellent 
reaction selectivity, and that does not support a methanation 
reaction or become reoxidized. 

SUMMARY OF THE INVENTION 

0.019 Aspects of the present invention provide a PROX 
catalyst having excellent reaction selectivity and a broad 
operating temperature range in which a methanation reaction 
and reoxidation do not occur. 

0020 Aspects of the present invention also provide a 
method of manufacturing the PROX catalyst. 

0021 Aspects of the present invention also provide a fuel 
processor including the PROX catalyst having excellent 
reaction selectivity and a broad operating temperature range 
in which a methanation reaction and reoxidation do not 
OCCU. 
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0022 Aspects of the present invention also provide a fuel 
cell system including the PROX catalyst having excellent 
reaction selectivity and a broad operating temperature range 
in which a methanation reaction and reoxidation do not 
OCCU. 

0023. According to an aspect of the present invention, 
there is provided a catalyst that oxidizes carbon monoxide, 
including a bimetal consisting of platinum (Pt) and another 
transition metal in a bimetallic phase, wherein the bimetal is 
loaded on a Y-alumina (Y-Al2O) Support, and wherein the 
transition metal of the bimetal is reduced. 

0024. According to another aspect of the present inven 
tion, there is provided a method of producing a catalyst for 
oxidizing carbon monoxide including: adding a platinum 
precursor, a transition metal precursor, and Y-alumina 
(Y-Al-O.) to a dispersion medium and uniformly mixing the 
resultant mixture; drying the mixture; calcining the dried 
mixture; and reducing the calcined dried mixture. 
0025. According to another aspect of the present inven 
tion, there is provided a fuel processor including the catalyst 
that oxidizes carbon monoxide. 

0026. According to another aspect of the present inven 
tion, there is provided a fuel cell system including the 
catalyst that oxidizes carbon monoxide. 

0027. The catalyst that oxidizes carbon monoxide 
according to aspects of the present invention has excellent 
selectivity for carbon monoxide and a fast reaction rate in a 
carbon monoxide oxidizing reaction. In addition, efficiency 
of the entire reaction increases since a methanation reaction 
and reoxidization do not occur. Thus, the carbon monoxide 
in the fuel can effectively be eliminated using the catalyst 
according to aspects of the present invention. 

0028. Additional aspects and/or advantages of the inven 
tion will be set forth in part in the description which follows 
and, in part, will be obvious from the description, or may be 
learned by practice of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0029. These and/or other aspects and advantages of the 
invention will become apparent and more readily appreci 
ated from the following description of the embodiments, 
taken in conjunction with the accompanying drawings of 
which: 

0030 FIG. 1 is a schematic flow diagram illustrating fuel 
processing in a fuel processor used in a conventional fuel 
cell system; 

0031 FIG. 2 is a flowchart illustrating a method of 
manufacturing a catalyst for oxidizing carbon monoxide 
according to an embodiment of the present invention; 

0032 FIGS. 3A, 3B, and 3C are graphs respectively 
illustrating the results of a first TPR analysis, a TPO analy 
sis, and a second TPR analysis of the catalyst in which a 
Support is respectively Y-alumina, Zirconia, and titania; 

0033 FIGS. 4A and 4B are graphs illustrating the results 
of a TPR analysis and a TPO analysis of a Pt/Ni supported 
catalyst in which platinum is impregnated and then nickel is 
impregnated: 
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0034 FIGS.5A and 5B are graphs illustrating the results 
of a TPR analysis and a TPO analysis of a Pt/Ni supported 
catalyst in which nickel is impregnated and then platinum is 
impregnated: 

0035 FIGS. 6A and 6B are graphs illustrating the results 
of CO oxidizing tests of the catalysts in which a support is 
respectively Y-alumina, Zirconia, and titania according to 
temperature; 

0.036 FIGS. 7A and 7B are graphs illustrating the results 
of CO oxidizing tests of a platinum catalyst loaded on 
Y-alumina, a Pt/Ni catalyst loaded on Y-alumina, and a 
bimetallic phase Pt/Ni catalyst loaded on Y-alumina accord 
ing to temperature; 

0037 FIGS. 8A and 8B illustrate a TEM photograph 
image and a graph showing the result of the EDX analysis 
regarding the Pt-Ni/y-Al2O according to Example 1: 

0038 FIGS. 9A and 9B illustrate a TEM photograph 
image and a graph showing the result of the EDX analysis 
regarding the Pt-Cofy-Al-O according to Example 2; and 

0.039 FIG. 10 illustrates graph of CO conversion and 
so selectivity regarding the Supported catalyst of Example 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

0040. Reference will now be made in detail to the present 
embodiments of the present invention, examples of which 
are illustrated in the accompanying drawings, wherein like 
reference numerals refer to the like elements throughout. 
The embodiments are described below in order to explain 
the present invention by referring to the figures. 

0041 According to an embodiment of the present inven 
tion, a catalyst for oxidizing carbon monoxide includes a 
bimetal consisting of platinum (Pt) and another transition 
metal in a bimetallic phase. (For convenience, the other 
transition metal is referred to herein simply as “the transition 
metal' and it is to be understood that the term “transition 
metal' in this context refers to a transition metal other than 
platinum.) The bimetal is loaded onto Y-alumina (Y-Al2O) 
Support, and the transition metal is reduced. 
0042. The transition metal may be one of Ni, Co, Cu, and 
Fe. For example, the transition metal may be Ni. 
0043. The term “bimetallic phase of platinum and the 
transition metal refers to a correlation between platinum 
and the transition metal that is created, for example, when 
platinum and the transition metal are loaded onto the Support 
at the same time. The structural relationship between the 
platinum and the transition metal in the bimetallic phase is 
not clearly determined, but the bimetallic phase seems to 
have its own particular structure since in the bimetallic 
phase, reoxidization of the transition metal does not occur. 
0044) The support for the bimetallic phase may be Y-alu 
mina (Y-AlO). The bimetallic phase cannot easily be 
obtained using a Support Such as Zirconia (ZrO2) or titania 
(TiO). 
0045. The catalyst for oxidizing carbon monoxide has a 
peak of between 130 to 180° C. in a temperature pro 
grammed reduction (TPR) analysis and is not reoxidized in 
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a temperature programmed oxidation (TPO) analysis until 
the temperature reaches 500° C. 
0046) The atomic ratio of the transition metal to platinum 
may be from 0.5 to 20. When the atomic ratio is too low, an 
effect of the transition metal, such as, for example an effect 
to promote the reaction activity of the catalyst at low 
temperatures and to widen the operating temperature range 
cannot be obtained. When the atomic ratio is too high, a 
promotion effect on the reaction activity of the catalyst may 
decrease due to an excessive amount of the transition metal. 

0047. Further, the amount of platinum may be in the 
range of 0.3 to 5% by weight based on the weight of the 
catalyst for oxidizing carbon monoxide (including the Sup 
port). When the amount of platinum is less than 0.3% by 
weight, the catalyst activity may decrease. When the amount 
of platinum is greater than 5% by weight, the increase of the 
catalyst activity may be negligible, which is cost-ineffective. 
0.048. Hereinafter, a method of manufacturing a catalyst 
for oxidizing carbon monoxide according to an embodiment 
of the present invention will be described more specifically 
with reference to FIG. 2. 

0049 First, a platinum precursor, a transition metal pre 
cursor, and Y-alumina (Y-Al2O) are added to a dispersion 
medium and uniformly mixed. As examples, the platinum 
precursor may be Pt(NH) (NO), and the transition metal 
precursor may be one of Ni(NO)6H2O, Co(NO)6HO, 
Cu(NO).HO and Fe(NO).9H2O. In particular, a halogen 
compound Such as a chlorine compound is not recom 
mended for the platinum precursor or the transition metal 
precursor. 

0050 Any method of uniformly mixing the precursors 
and the Support may be used. For example, the mixture may 
be stirred for 1 to 12 hours at a temperature from 40 to 80° 
C. 

0051. The dispersion medium is so named since although 
the platinum precursor and the transition metal precursor are 
dissolved in the medium, the Y-alumina Support is not 
dissolved, but rather, is only dispersed. 
0.052 The dispersion medium may be any medium hav 
ing the property of dissolving the platinum precursor and the 
transition metal precursor and dispersing the Y-alumina 
Support. For example, the dispersion medium may be water 
or an alcohol-based solvent. The alcohol-based solvent may 
be methanol, ethanol, isopropyl alcohol, and butyl alcohol, 
but is not limited thereto. 

0053 As described above, the weight ratio of the plati 
num precursor and the transition metal precursor may be 
adjusted Such that the atomic ratio of the transition metal to 
platinum is from 0.5 to 20.0. 
0054 The amount of the dispersion medium may be 30 to 
95% by weight based on the total weight of the mixture in 
order to uniformly disperse the platinum precursor, the 
transition metal precursor, and Y-alumina Support, and so 
that it does not take too long to dry the dispersion medium, 
but is not limited thereto. 

0.055 The dispersion medium may be removed by drying 
the mixture. The conditions for drying the mixture are not 
limited. For example, the mixture may be dried at 30 to 90° 
C. for 4 to 16 hours in a vacuum or in an oven. 
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0056. After the dispersion medium is removed by drying, 
the dried resultant is calcined in an airtight container Such as 
a OVC. 

0057 The calcination may be performed at a temperature 
of 300 to 500° C. for 1 to 12 hours. When the calcining 
temperature is less than 300° C., the catalyst may not be 
sufficiently crystallized. When the temperature is greater 
than 500° C., the platinum and transition metal particle may 
grow too large, thereby decreasing the reaction activity of 
the catalyst. When the calcining is performed for less than 1 
hour, the catalyst may not be sufficiently crystallized. On the 
other hand, it generally is not cost-effective to perform 
calcining for longer than 12 hours. 
0058. The calcining may be performed under an air 
atmosphere, but is not limited thereto. 
0059. The calcined resultant may be reduced to produce 
a catalyst having activity for oxidizing carbon monoxide. 
0060. The reduction may be performed at a temperature 
of 150 to 500° C. for 1 to 12 hours. When the reduction 
temperature is less than 150° C., the bimetallic phase may 
not be sufficiently formed. When the temperature of the 
reduction is higher than 500° C., the platinum and transition 
metal particles loaded on the Support may grow too large, 
thereby decreasing the reaction activity of the catalyst. In 
addition, when the reduction is performed for less than 1 
hour, the bimetallic phase may not be sufficiently formed. 
On the other hand, it generally is not cost-effective to 
perform a reduction for longer than 12 hours. 
0061 The reduction may be performed under a Hatmo 
sphere, and the H atmosphere may further optionally 
include an inert gas Such as helium, nitrogen, or neon. 
0062 According to an embodiment of the present inven 
tion, a fuel processor including the catalyst for oxidizing 
carbon monoxide is provided. Hereinafter, the fuel processor 
will be described. 

0063. The fuel processor may include a desulfurizer, a 
reformer, a high-temperature shift reaction device, a low 
temperature shift reaction device, and a PROX reaction 
device. 

0064. The desulfurizer is a device that removes sulfur 
compounds that can poison catalysts downstream from the 
desulfurizer. An absorbent that is well known in the art may 
be used for the desulfurizer, and a hydrodesulfurization 
(HDS) process may also be used. 
0065. The reformer is a device that reforms hydrocarbons 
to produce hydrogen. Any catalyst Such as platinum, ruthe 
nium, and nickel that is well known in the art may be used 
for the reforming catalyst. 
0066. The high-temperature shift reaction device and the 
low-temperature shift reaction device are devices that 
remove carbon monoxide, which can poison the catalyst 
layer of a fuel cell. Typically, the high-temperature shift 
reaction device and the low-temperature shift reaction 
device reduce the carbon monoxide concentration to less 
than 1%. 

0067. The PROX reaction device further reduces the 
carbon monoxide concentration to less than 10 ppm. 
According to an embodiment of the present invention, the 
PROX reaction device may include the catalyst for oxidizing 
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carbon monoxide as described herein. For example, the 
catalyst for oxidizing carbon monoxide may be charged in 
the PROX reaction device as a fixed bed. 

0068 According to an embodiment of the present inven 
tion, a fuel cell system including the catalyst for oxidizing 
carbon monoxide is provided. 
0069. The fuel cell system according to the an embodi 
ment of the present invention includes a fuel processor and 
a fuel cell stack. The fuel cell processor may include a 
desulfurizer, a reformer, a high-temperature shift reaction 
device, a low-temperature shift reaction device, and a PROX 
reaction device as described above. The fuel cell stack may 
be formed by stacking or arranging a plurality of unit cells. 
Each of the unit cells may include a cathode, an anode, and 
an electrolyte membrane, and may further include a sepa 
ratOr. 

0070 The catalyst for oxidizing carbon monoxide may be 
included in the fuel cell processor, and more specifically, in 
the PROX reaction device. 

0071. Hereinafter, the constitution and effects of aspects 
of the present invention will be described more specifically 
with reference to the following Examples and Comparative 
Examples. The following examples are for illustrative pur 
poses only and are not intended to limit the scope of the 
invention. 

EXAMPLE 1. 

0072 0.207 g of Pt(NH) (NO), 1.553 g of 
Ni(NO)6HO, and 10 g of Y-alumina were added to 50 ml 
of water and the mixture was stirred for 6 hours to prepare 
a uniform mixture. The mixture was dried at 60° C. in a 
vacuum to remove the solvent, and dried at 110° C. for 12 
hours in an oven. Then, the dried resultant was calcined at 
350° C. for 2 hours under an air atmosphere. The calcined 
resultant was reduced at 300° C. for 2 hours in an oven under 
a H, atmosphere to prepare Pt. Ni?y-AlO. 

EXAMPLE 2 

0.073 Pt—Cofy-Al-O was prepared in the same manner 
as in Example 1, except that 1.554 g of Co(NO)6HO was 
used instead of Ni(NO), .6H2O. 

EXAMPLE 3 

0074 Pt. Cu?y-Al-O was prepared in the same manner 
as in Example 1, except that 1.004 g of Cu(NO).HO was 
used instead of Ni(NO),.6H.O. 

EXAMPLE 4 

0075 Pt—Fe/y-Al-O was prepared in the same manner 
as in Example 1, except that 2.154 g of Fe(NO).9HO was 
used instead of Ni(NO), .6H2O. 

COMPARATIVE EXAMPLE 1. 

0.076 Pt/y-Al-O was prepared in the same manner as in 
Example 1, except that Ni(NO)6HO was not added. 

COMPARATIVE EXAMPLE 2 

0.077 Pt Cefy-Al-O was prepared in the same manner 
as in Example 1, except that 2.424 g of Ce(NO), .6HO was 
used instead of Ni(NO), .6H2O. 
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0078 Carbon monoxide oxidizing tests were performed 
using the catalysts prepared according to Examples 1 
through 4 and Comparative Examples 1 and 2. A gas 
including 1 vol% of carbon monoxide, 1 vol% of oxygen, 
10 vol% of hydrogen, 2 vol% of water vapor, and the 
remaining percentage of helium was flowed at a gas hourly 
space velocity (GHSV) of 60,000 hr-1. The results are 
presented in Table 1 below. 

TABLE 1. 

Temperature (K) CO conversion (%) O selectivity (%) 

Example 1 393 1OO 50 
Example 2 393 1OO 50 
Example 3 353 1OO 50 
Example 4 313 61 1OO 

333 8O 90 
Comparative 433 95 51 
Example 1 
Comparative 353 93 47 
Example 2 

0079. As shown in Table 1, the CO conversions of the 
catalysts in Examples 1 through 3, 100%, were far better 
than those of Comparative Examples 1 and 2. In Example 4. 
the CO conversion was relatively low, but the O, selectivity 
was excellent. 

0080 Pt. Ni?y-Al2O, and Pt. Cofy-Al2O, prepared 
according to Examples 1 and 2 were analyzed using a 
transmission electron microscope (TEM) and an energy 
dispersive X-ray micro analyzer (EDX) to identify whether 
a bimetallic phase of platinum and the transition metal was 
formed. The results are shown in FIGS. 8A, 8B, 9A and 9B. 

0081. The results of the EDX analysis confirmed the 
presence of the bimetallic phase in the catalyst according to 
Example 1 since the ratio of nickel to platinum was 0.92, as 
illustrated in FIG. 8A. The results of the EDX analysis 
shown in FIG. 8B also confirmed the presence of the 
bimetallic phase. 

0082 In addition, the EDX analysis confirmed the pres 
ence of the bimetallic phase in the catalyst according to 
Example 2 since a ratio of cobalt to platinum was 0.54, as 
illustrated in FIG. 9A. The results of the EDX analysis 
shown in FIG.9B also confirmed presence of the bimetallic 
phase. 

0083 Activity tests of the supported catalyst prepared 
according to Example 1 were performed at 120° C. to 
identify whether the activity and selectivity were constantly 
maintained with respect to time. A gas including 1 vol% of 
carbon monoxide, 1 vol% of oxygen, 50 vol% of hydrogen, 
20 vol% of carbon dioxide, 2 vol% of water vapor, and the 
remaining percentage of helium was flowed at a rate of 1000 
ml/(min.gcat), and the resultants were analyzed. The results 
are presented in FIG. 10. 

0084 As illustrated in FIG. 10, the CO conversion of the 
catalyst was high and was almost constantly maintained with 
respect to time. The CO, selectivity of the catalyst was 
almost constantly maintained as well. Thus, the Supported 
catalyst according to an embodiment of the present inven 
tion is highly stable with respect to time. 
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COMPARATIVE EXAMPLE 3 

0085 Pt. Ni/ZrO was prepared in the same manner as 
in Example 1, except that 10 g of Zirconia was used instead 
of Y-alumina. 

COMPARATIVE EXAMPLE 4 

0.086 Pt. Ni/TiO was prepared in the same manner as 
in Example 1, except that 10 g of titania was used instead of 
Y-alumina. 
0087. The catalysts prepared according to Example 1, 
and Comparative Examples 3 and 4 were analyzed using a 
first temperature programmed reduction (TPR), a tempera 
ture programmed oxidation (TPO), and a second TPR to 
identify whether the catalysts were subject to reoxidation. 
The results are presented in FIGS. 3A through 3C. 
0088 As illustrated in FIGS. 3A, two peaks were 
observed in the first TPR (shown in FIG. 3A) of Compara 
tive Examples 3 and 4, but only one peak was observed 
(around 410 K) in the first TPR of Example 1. As shown in 
FIG.3B, oxygen consumption was observed in the TPO with 
respect to catalysts of Comparative Examples 3 and 4. 
indicating that the catalysts of Comparative Examples 3 and 
4 were reoxidized in the TPO, but it was observed that the 
catalyst of Example 1 showed only the base line, which 
indicates that the catalyst of Example 1 was not reoxidized. 
Since the catalyst of Example 1 was not reoxidized, hydro 
gen was not consumed in the second TPR (shown in FIG. 
3C) with respect to the catalyst of Example 1. On the other 
hand, as shown in FIG. 3C, hydrogen was consumed in the 
second TPR with respect to the catalysts of Comparative 
Examples 3 and 4, since the catalysts of Comparative 
Examples 3 and 4 were reoxidized in the TPO. 
0089. That is, since the bimetallic phase of platinum and 
nickel was not formed when Zirconia or titania was used, the 
catalyst was reoxidized in the temperature programmed 
oxidation (TPO). On the other hand, when Y-alumina was 
used, the bimetallic phase of platinum and nickel was 
formed, and thus the catalyst was not reoxidized in the 
presence of oxygen. 

COMPARATIVE EXAMPLE 5 

0090) 0.207 g of Pt(NH) (NO), and 10 g of Y-alumina 
were added to 50 ml of water and the mixture was stirred for 
4 hours to prepare a uniform mixture. The mixture was dried 
at 60° C. in a vacuum to remove the solvent, and dried at 
110° C. for 12 hours in an oven. Then, the dried resultant 
was calcined at 500° C. for 4 hours under an air atmosphere. 
0091 Meanwhile, 1.553 g of Ni(NO)6HO was dis 
solved in 5 ml of water and the dissolved solution was 
dropped into the calcined resultant while uniformly mixing. 
Then, the resultant was dried at 110° C. for 12 hours in the 
oven, and calcined at 300° C. for 4 hours in the oven under 
an air atmosphere. 

COMPARATIVE EXAMPLE 6 

0092] 1.553 g of Ni(NO)6HO and 10g of Y-alumina 
were added to 50 ml of water and the mixture was stirred for 
4 hours to prepare a uniform mixture. The mixture was dried 
at 110° C. for 12 hours in an oven and calcined at 500° C. 
for 4 hours under an air atmosphere. 
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0093 Meanwhile, 0.207 g of Pt(NH) (NO), was dis 
solved in 5 ml of water and the dissolved solution dropped 
into the calcined resultant and uniformly mixed. Then, the 
resultant was dried at 110° C. for 12 hours in the oven, and 
calcined at 300° C. for 4 hours in the oven under air 
atmosphere. 
0094. The catalysts prepared according to Comparative 
Examples 5 and 6 were analyzed using temperature pro 
grammed reduction and temperature programmed oxidation 
to determine whether the catalysts were reoxidized. The 
results are shown in FIGS. 4A, 4B, 5A and 5B. 

0.095 As illustrated in FIGS. 4A and 4B, when platinum 
was impregnated into Y-alumina, and then nickel was 
impregnated the calcined platinum-impregnated Y-alumina, 
reoxidization occurred in the catalyst product (FIG. 4B). As 
illustrated in FIGS. 5A and 5B, reoxidization also occurred 
(FIG. 5B) when nickel was impregnated, and then platinum 
was impregnated into the nickel-impregnated calcined prod 
uct. However, as illustrated in FIGS. 3A through 3C reoxi 
dization did not occur in Example 1 (in which platinum and 
nickel were impregnated into the Y-alumina at the same 
time). 
0096. Thus, the properties of the bimetallic phase catalyst 
of Example 1 are different from those of the Pt/Ni catalysts 
Supported on a carrier prepared according to Comparative 
Examples 5 and 6. 
0097. That is, since Pt/Ni supported catalysts prepared 
according to Comparative Examples 5 and 6 are not in the 
bimetallic phase, they can be reoxidized in the presence of 
oxygen. On the other hand, without being bound to a 
particular theory, it is believed that the catalyst of Example 
1 is not reoxidized in the presence of oxygen due to its 
bimetallic phase. 
0098 Carbon monoxide oxidizing tests were performed 
using the catalysts prepared according to Example 1, and 
Comparative Examples 3 and 4. A gas including 1 vol% of 
carbon monoxide, 1 vol% of oxygen, 10 vol% of hydrogen, 
2 vol% of water vapor, and the remaining percentage of 
helium is flowed at a GHSV of 60,000 hr-1. The results are 
presented in FIGS. 6A and 6B. 

0099. As illustrated in FIG. 6A, when zirconia or titania 
was used, the operating temperature range was limited since 
the CO conversion sharply decreased as temperature 
increased even though the CO conversion was high in a low 
temperature range. On the other hand, in Example 1, the CO 
conversion was the highest and was constantly maintained at 
a level close to 100% at temperatures over about 400 K. 
Further, a methanation reaction did not occur at all in 
Example 1, but the methanation reaction increasingly 
occurred as temperature increased in Comparative Examples 
3 and 4. 

0100. As illustrated in FIG. 6B, the reaction selectivity 
was constantly maintained in Example 1. On the other hand, 
the reaction selectivity was low and decreased as to tem 
perature increased in Comparative Examples 3 and 4. 

0101 Carbon monoxide oxidizing tests were performed 
using the catalysts prepared according to Example 1, and 
Comparative Examples 1 and 5. In order to observe the 
behavior of the catalysts under conditions similar to the 
hydrogen-rich atmosphere of a fuel cell, a gas including 1 
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vol% of carbon monoxide, 1 vol% of oxygen, 80 vol% of 
hydrogen, 2 vol % of water vapor, and the remaining 
percentage of helium was flowed at a GHSV of 60,000 hr-1. 
The results are presented in FIGS. 7A and 7B. 
0102 As illustrated in FIG. 7A, the catalyst of Example 
1 had a higher CO conversion than either the catalyst of 
Comparative Example 1 in which only platinum was loaded 
or the catalyst of Comparative Example 5 in which platinum 
was loaded and then nickel was loaded. In addition, metha 
nation reaction did not occur despite the high hydrogen 
partial pressure. 
0103) As illustrated in FIG. 7B, the catalyst of Example 
1 had a high O. conversion and excellent CO selectivity. On 
the contrary, the catalysts of Comparative Examples 1 and 5 
had a low O. conversion and poor CO., selectivity. 
0104 Since the catalyst for oxidizing carbon monoxide 
according to aspects of the present invention has a high 
reaction activity even at low temperatures and an excellent 
reaction selectivity, and since the methanation reaction and 
reoxidization do not occur, the catalyst can effectively 
eliminate carbon monoxide in the fuel. 

0105. Although a few embodiments of the present inven 
tion have been shown and described, it would be appreciated 
by those skilled in the art that changes may be made in this 
embodiment without departing from the principles and spirit 
of the invention, the scope of which is defined in the claims 
and their equivalents. 
What is claimed is: 

1. A catalyst that oxidizes carbon monoxide, comprising 
a bimetal consisting of platinum (Pt) and a transition metal 
other than platinum in a bimetallic phase, wherein the 
bimetal is loaded on a Y-alumina (Y-Al2O) support, and 
wherein the transition metal of the bimetal is reduced. 

2. The catalyst of claim 1, wherein the catalyst has a peak 
between 130 to 180° C. in a temperature programmed 
reduction (TPR) analysis and is not reoxidized until the 
temperature reaches 500° C. in a temperature programmed 
oxidation (TPO) analysis. 

3. The catalyst of claim 1, wherein the transition metal is 
selected from the group consisting of Ni, Co, Cu, and Fe. 

4. The catalyst of claim 1, wherein the atomic ratio of the 
transition metal to platinum is from 0.5 to 20. 

5. The catalyst of claim 1, wherein the amount of platinum 
is in the range of 0.3 to 5% by weight based on the weight 
of the catalyst. 
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6. The catalyst of claim 1, wherein the catalyst has a 
reaction selectivity such that when the catalyst oxidizes 
carbon monoxide, a methanation reaction does not occur. 

7. A method of manufacturing a catalyst that oxidizes 
carbon monoxide, the method comprising: 

uniformly mixing a platinum precursor, a transition metal 
precursor, and Y-alumina (Y-Al-O.) in a dispersion 
medium to provide a mixture; 

drying the mixture; 
calcining the dried mixture; and 
reducing the calcined dried mixture. 
8. The method of claim 7, wherein the weight ratio of the 

platinum precursor and the transition metal precursor is 
adjusted Such that the atomic ratio of the transition metal to 
platinum is from 0.5 to 20.0. 

9. The method of claim 7, wherein the calcining is 
performed at a temperature of 300 to 500° C. for 1 to 12 
hours. 

10. The method of claim 7, wherein the reducing is 
performed at a temperature of 150 to 500° C. for 1 to 12 
hours. 

11. The method of claim 7 wherein the platinum precursor 
and the transition metal precursor are compounds that do not 
contain a halogen. 

12. The method of claim 7, wherein the platinum precur 
sor is Pt(NH) (NO). 

13. The method of claim 7, wherein the transition metal 
precursor is selected from the group consisting of 
Ni(NO)6HO, Co(NO)6HO, Cu(NO).HO and 
Fe(NO).9H.O. 

14. A fuel processor comprising the catalyst of claim 1. 
15. A fuel processor of claim 14, comprising a desulfur 

ization device, at least one shift reaction device, and a PROX 
reaction device, wherein the catalyst is included in the 
PROX reaction device. 

16. A fuel cell System comprising the catalyst of claim 1. 
17. A fuel cell system of claim 16, comprising a fuel cell 

stack and a fuel processor, wherein the catalyst is included 
in the fuel processor. 

18. A fuel cell system of claim 17, wherein the fuel 
processor comprises a desulfurization device, at least one 
shift reaction device, and a PROX reaction device, and 
wherein the catalyst is included in the PROX reaction 
device. 


