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(54) PROX catalyst for oxidizing carbon monoxide

(57) A catalyst for preferentially reducing carbon
monoxide in a hydrogen stream. The catalyst is formed
from a chemical composition including a hexaaluminate,
a metal hydroxide and a precious metal. The composi-
tion may be disposed on a support or may be extruded
or cast into or onto a support. Incorporation of hexaalu-
minates allows inclusion of metal hydroxides that flux
the active precious metal surface at higher tempera-

tures than can aluminum oxide-based catalytic compo-
sitions, thereby enhancing resistance of the catalyst and
monolithic support and increasing the durability and
thermal range of the PROX catalyst. An additional ad-
vantage is that lesser amounts of precious metal oxides
need be deposited onto the hexaaluminate, while retain-
ing activity similar to aluminum oxide compositions.
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Description

TECHNICAL FIELD

[0001] The present invention relates to catalysts for
reforming hydrocarbons to produce fuel for powering fu-
el cells; more particularly, to such catalysts for preferen-
tially oxidizing (PROX) carbon monoxide in mixtures
containing hydrogen and carbon monoxide; and most
particularly, to PROX catalysts containing a hexaalumi-
nate, a metal hydroxide, and a precious metal.

BACKGROUND OF THE INVENTION

[0002] It is well known in the art to partially oxidize
("reform") hydrocarbons such as, for example, gasoline,
and to yield a gaseous mixture of fuel gases ("refor-
mate") including hydrogen and carbon monoxide. Such
reformate, as generated, is useful as a fuel for a class
of fuel cells known in the art as "solid-oxide fuel cells"
(SOFC) wherein both hydrogen and carbon monoxide
are oxidized by migration of an oxygen anion to produce
electric power.
[0003] Another class of fuel cells, known as "proton
exchange membrane" (PEM) fuel cells, is incapable of
utilizing raw reformate containing carbon monoxide.
Such fuel cells contain large amounts of precious metals
which can become irreversibly poisoned by carbon
monoxide. Thus, the higher the expected carbon mon-
oxide level in the hydrogen stream, the greater the nec-
essary amount of precious metal loadings in the cata-
lyst. A motor vehicle using a fuel cell fueled with a pure
hydrogen stream may need no more than, for example,
$5000 worth of precious metals, whereas a motor vehi-
cle using a fuel cell fueled with a hydrogen stream con-
taining 20 ppm carbon monoxide may need more than
$20,000 worth of precious metals.
[0004] Therefore, for PEM fuel cells, it is highly desir-
able to remove carbon monoxide from the hydrogen fuel
feed stream, typically by preferential oxidation (PROX)
catalysis to carbon dioxide, ahead of entry of the fuel
stream into the fuel cell.
[0005] US Patent No. 6,162,558, issued December
19, 2000, incorporated herein by reference, discloses
an iridium-based PROX catalyst dispersed on and sup-
ported by a porous, inert, three-dimensional refractory
carrier. Common support materials disclosed are MgO;
CaO; Ca2SiO4; BaO; Ca3SiO5; ZrO2; CeO2; Cr2O3;
La2O3; ThO2; alpha, delta, gamma, and theta alumina
(Al2O3), and combinations thereof; silicas and silicates;
sodium borosilicate; TiO2; MgAl2O4; ZnCr2O4; CaSiO3;
SiO2; SiO2-Al2O3; and clay such as bentonite. The pre-
ferred carrier is a mixture of alumina and sodium boro-
silicate. The treatment of the feed gas by the catalyst is
carried out preferably at a temperature between about
80°C and 300°C, more preferably between about 210°C
and 260°C, resulting in carbon monoxide gas concen-
trations below 20 ppm, and preferably below 10 ppm.

When the iridium catalyst is dispersed on a carrier com-
prising 30 weight percent alumina and 70 weight percent
sodium borosilicate, the carbon monoxide level is re-
duced to as low as 4 ppm at a temperature of 220°C.
[0006] European Patent Application EP 1038832,
filed September 26, 1997 by Toyota Motors and pub-
lished September 27, 2000, discloses an apparatus that
reduces the concentration of carbon monoxide in a hy-
drogen-rich gas, using a PROX catalyst having ruthe-
nium as a primary component but further including, in
combination with the ruthenium, another metal that ex-
tends the effective temperature range in which the se-
lective oxidation of carbon monoxide is accelerated. The
combined metal may be an alkali metal, such as lithium
or potassium, or an alkaline earth metal, such as barium.
Also, nickel or zinc may be used. The carrier is alumina
pellets, and the feed gas treatment is carried out at a
temperature between about 100°C and 200°C. Using a
catalyst containing ruthenium at a level of 0.036 mole/
liter (moles Ru/volume of alumina pellets) together with
potassium at a level of 0.005 mole/liter (moles K/volume
of alumina pellets), the concentration of carbon monox-
ide is reduced to levels of 22 ppm, 4 ppm, and 8 ppm at
temperatures of, respectively, 100°C, 140°C, and
200°C.
[0007] It is known in the art to use aluminum oxides
or stabilized aluminum oxides in PROX catalyst compo-
sitions. Stabilized aluminates typically have stabilizer in
randomized locations, not necessarily locked in the C-
axis of the crystal structure. For example, barium alumi-
nates describes many compounds such as, but not lim-
ited to BaAl2O4. The barium content of barium alumi-
nates can range from less than about 1 wt% to more
than about 60 wt%. Barium aluminates as PROX sup-
port oxides are not relatively stable to strong fluxing
agents such as metal hydroxides.
[0008] It is known further in the catalytic arts to use
one or more hexaaluminate compounds in the formation
of catalysts, for example, for reforming hydrocarbons as
fuel for gas turbines and jet engines, for partially oxidiz-
ing methane to syngas, and for combustion of gasified
biomass. Known hexaaluminates typically include one
or more metals in the lattice, for example, barium, man-
ganese, lanthanum, nickel, and strontium. Hexaalumi-
nates generally have been found to be structurally sta-
ble at higher temperatures than conventional aluminum
oxides. It is not known in the art to use hexaaluminates
in PROX carbon monoxide catalysis.
[0009] It is a principal object of the present invention
to provide an improved oxidizing catalyst composition
that is preferential for carbon monoxide and has re-
duced susceptibility to carbon monoxide poisoning.
[0010] It is a further object of the invention to provide
such a catalyst wherein the cost of precious metal com-
ponents is reduced.
[0011] It is a still further object of the invention to pro-
vide such a catalyst whereby, in a flowing mixture of gas-
es including hydrogen and carbon monoxide, the con-
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centration of carbon monoxide is reduced to less than
5 parts per million.

SUMMARY OF THE INVENTION

[0012] Briefly described, a catalyst for preferentially
reducing carbon monoxide in a hydrogen stream is
formed from a chemical composition including a hexaa-
luminate, a metal hydroxide and a precious metal. The
composition may be disposed on a support or may be
extruded or coated or cast into or onto a support. Incor-
poration of hexaaluminates allows inclusion of metal hy-
droxides that flux the active precious metal surface at
higher temperatures than can aluminum oxide-based
catalytic compositions, thereby enhancing resistance of
the catalyst and monolithic support and increasing the
durability and thermal range of the PROX catalyst. An
additional advantage is that lesser amounts of precious
metal oxides need be deposited onto the hexaalumi-
nate, while retaining activity similar to aluminum oxide
compositions.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0013] A PROX catalytic composition in accordance
with the invention generally comprises a hexaaluminate
structural element stabilized by a stabilizer and support-
ive of a precious metal.
[0014] Preferred stabilizers disposed within the hex-
aaluminate crystalline structure may include Group la
metals, Group IIa metals, rare earth metals, and combi-
nations thereof. Hexaaluminate cations may include at
least hafnium, scandium, zirconium, yttrium, cerium,
lanthanum, praseodymium, neodymium, barium, and
strontium. Group IIa stabilized hexaaluminates, in order
of preference as crystal stabilizers, include barium
(BaAl12O19), strontium (SrAl12O19) and magnesium
(MgAl12O19). Rare earth stabilized hexaaluminates, in
order of preference as crystal stabilizers, may comprise
lanthanum (LaAl11O18) and cerium (CeAl11O18). Partic-
ularly useful combinations of Group IIa and rare earth
stabilizers include barium-lanthanum (Ba0.5La0.7Al11
O18) and strontium-lanthanum (Sr0.8La0.2Al11O18).
[0015] The preferred hexaaluminates may contain a
precious metal in the crystal structure. Examples of pre-
ferred precious metal hexaaluminates include ruthe-
nium-barium hexaaluminates (Ru0.3Ba0.7Al11O18), irid-
ium-barium hexaaluminates (Ir0.3Ba0.7Al11O18), iridium-
cerium hexaaluminates (Ir0.3Ce0.7Al11O18) and ruthe-
nium-cerium hexaaluminates (Ru0.3Ce0.7Al11O18). Less
preferred stabilizers disposed within the hexaaluminate
crystalline structure may include base metals such as
manganese, nickel, and iron. However, these base met-
als may increase the activity of precious metals in oxi-
dizing carbon monoxide in the presence of hydrogen.
Preferred base metal hexaaluminates are lanthanum-
manganese (LaMnAl11O19), barium-manganese (Bax

Mn1- xAl12O19), lanthanum-nickel (LaNiAl11O19), bari-
um-nickel (BaxNi1- xAl12O19), lanthanum-iron (LaFeAl11
O19) and barium-iron (BaxFe1- xAl12O19). When base
metal hexaaluminates are used as support oxides, al-
kaline earth hydroxides preferably are not included in
the PROX formulations. The base metals are able to
coat the precious metal surface, reducing hydrogen
consumption without reducing carbon monoxide oxida-
tion.
[0016] Methods for making hexaaluminates are well
known in the prior art.
[0017] The active metals include precious metals
such as iridium, ruthenium, and platinum deposited up-
on the support oxide. For example, a preferred PROX
catalyst comprises about 0.04 wt% to about 4.0 wt% irid-
ium on a lanthanum hexaaluminate coated substrate.
The hexaaluminate coated substrate can comprise, for
example, a metal foil with a washcoat comprising 2.0
wt% ruthenium 94.0 wt% lanthanum hexaaluminate and
4.0 wt% potassium hydroxide. This can be accom-
plished by dipping a metal foil into a lanthanum hexaa-
luminate and potassium hydroxide slurry, then calcining
at elevated temperatures, then dipping the hexaalumi-
nates coated substrate into a solution of precious metal
hydroxide solution, and then calcining again.
[0018] It is possible for different fractions of hexaalu-
minate to be applied to a single substrate. For example,
one fraction may consist of iridium-catalyzed lanthanum
hexaaluminates and potassium hydroxide, and a sec-
ond fraction may be ruthenium- doped barium hexaalu-
minate and potassium hydroxide. The substrate may
then be coated with a formulation containing about 35
weight percent (wt%) to about 65 wt% of the first fraction
and containing about 65 wt% to about 35 wt% of the
second fraction.
[0019] A PROX catalyst in accordance with the inven-
tion includes an alkaline metal hydroxide such as lithium
hydroxide, sodium hydroxide, potassium hydroxide, ru-
bidium hydroxide, strontium hydroxide, barium hydrox-
ide and combinations thereof.
[0020] The substrate may be in the form of conven-
tional foils, porous foam structures, extruded monoliths
and the like, as is well known in the art, as well as com-
binations comprising at least one of the foregoing forms.
For example, the substrate can be cordierite, alumina,
zirconium toughened aluminum, silicon carbide, ferrous
material, stainless steel, glass, and aluminum. Hexaa-
luminates are used as washcoat on the metal plates,
ceramic foams and extruded monoliths.

Examples of PROX carbon monoxide catalysts in
accordance with the invention:

[0021]

Example 1: A stainless steel plate was coated with
slurry containing barium hexaaluminate, potassium
hydroxide, and ruthenium hydroxide and platinum
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hydroxide, then was calcined at about 500°C for 4
hours. The resulting catalytic element had a wash-
coat consisting of 3.76 g/in3 barium hexaaluminate,
0.16 g/in3 potassium hydroxide, and 0.04 g/in3 plat-
inum, and 0.04 g/in3 ruthenium.
Example 2: A stainless steel plate was coated with
slurry containing iron hexaaluminate and iridium hy-
droxide, then was calcined at about 500°C for 4
hours. The resulting catalytic element had a wash-
coat consisting of 3.92 g/in3 iron hexaaluminate and
0.08 g/in3 iridium.
Example 3: A stainless steel plate was coated with
a first slurry containing barium hexaaluminate, po-
tassium hydroxide and iridium hydroxide, then was
calcined at about 500°C for 4 hours. The first cal-
cined washcoat consisted of 3.76 g/in3 barium hex-
aaluminate 0.16 g/in3 potassium hydroxide and
0.08 g/in3 iridium. The plate was then coated with a
second slurry containing barium hexaaluminate,
potassium hydroxide, platinum hydroxide, and ru-
thenium hydroxide, then was calcined at about
500°C for 4 hours. The second calcined washcoat
consisted of 3.68 g/in3 barium hexaaluminate, 0.16
g/in3 potassium hydroxide, 0.08 g/in3 platinum, and
0.08 g/in3 ruthenium.
Example 4: A stainless steel plate was coated with
slurry containing solids of 65 wt% iridium-barium
hexaaluminates and 35 wt% ruthenium-lanthanum
hexaaluminates. The metal plate with washcoat
was calcined at 500°C for 4 hours.
Example 5: A ruthenium-barium hexaaluminate
(Ru0.3Ba0.7Al11O18) slurry was made by mixing alu-
minum isopropoxide, barium isopropoxide, and ru-
thenium amine hydroxide in isopropyl alcohol. Hy-
drolysis of the metal alkoxides in acidic alcoholic so-
lution allowed formation of ruthenium barium-hex-
aaluminate. The formed hexaaluminate was cal-
cined at 925°C.
Example 6: A stainless steel plate was coated with
slurry containing ruthenium-barium hexaalumi-
nates and potassium hydroxide then calcined at
about 500°C for 4 hours. The calcined metal plate
had a washcoat consisting of 3.84 g/in3 barium hex-
aaluminate and 0.16 g/in3 potassium hydroxide.
Example 7: Barium hexaaluminate was mixed with
phosphoric acid. The mixture was extruded into a
monolithic form containing 400 cells per square
inch. The monolith was dried and calcined to 800°C
for 4 hours. The calcined monolith was doped with
iridium hydroxide and potassium hydroxide then
calcined at 500°C for 4 hours.
Example 8: Barium hexaaluminate was mixed with
phosphoric acid. The mixture was poured over poly-
urethane foam. The slurry-foam was dried and cal-
cined at 1000°C for 4 hours. The calcined foam sup-
port was doped with iridium hydroxide and potassi-
um hydroxide then calcined at 500°C for 4 hours.

[0022] While the invention has been described by ref-
erence to various specific embodiments, it should be un-
derstood that numerous changes may be made within
the spirit and scope of the inventive concepts described.
Accordingly, it is intended that the invention not be lim-
ited to the described embodiments, but will have full
scope defined by the language of the following claims.

Claims

1. A catalytic composition for selectively oxidizing car-
bon monoxide to carbon dioxide in the presence of
hydrogen, formed by combining:

a) a hexaaluminate;
b) an alkaline metal hydroxide; and
c) a precious metal.

2. A catalytic composition in accordance with Claim 1
wherein said hexaaluminate includes a cation se-
lected from the group consisting of iron, barium,
strontium, cerium, hafnium, scandium, zirconium,
yttrium, praseodymium, neodymium, magnesium,
lanthanum, barium-lanthanum, strontium-lantha-
num, and combinations thereof.

3. A catalytic composition in accordance with Claim 1
wherein said alkaline metal hydroxide is selected
from the group consisting of lithium hydroxide, so-
dium hydroxide, potassium hydroxide, rubidium hy-
droxide, strontium hydroxide, barium hydroxide,
and combinations thereof.

4. A catalytic composition in accordance with Claim 1
wherein said precious metal is selected from the
group consisting of iridium, ruthenium, platinum,
and combinations thereof.

5. A catalyst for selectively oxidizing carbon monoxide
to carbon dioxide in the presence of hydrogen,
formed by coating onto a substrate a chemical com-
position comprising:

a) a hexaaluminate;
b) an alkaline metal hydroxide; and
c) a precious metal.

6. A reactor for selectively oxidizing carbon monoxide
to carbon dioxide in the presence of hydrogen, com-
prising:

a) a substrate; and
b) a washcoat on said substrate having been
coated from a slurry including a hexaaluminate,
an alkaline metal hydroxide, and a precious
metal.
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7. A reactor in accordance with Claim 6 wherein the
form of said substrate is selected from the group
consisting of a plate, a monolith, a foil, and a rigid
foam.

8. A reactor in accordance with Claim 6 wherein the
material of which said substrate is formed is select-
ed from the group consisting of cordierite, silicon
carbide, alumina, aluminum, ferrous material, stain-
less steel, and glass.

9. A catalytic composition for selectively oxidizing car-
bon monoxide to carbon dioxide in the presence of
hydrogen, formed by combining:

a) a hexaaluminate including a base metal; and
b) a precious metal.

10. A catalytic composition in accordance with Claim 9
wherein said base metal is selected from the group
consisting of iron and nickel.
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