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(57) Abstract: In a process for oxidizing carbon monoxide with oxygen to carbon dioxide using a composition comprising platinum
and iron, a process of at least partially regenerating the composition is disclosed.
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PROCESS FOR SELECTIVE OXIDATION OF CARBON MONOXIDE
IN A HYDROGEN CONTAINING STREAM

The invention relates to the catalytic oxidation of carbon monoxide. In
another of its aspects the invention relates to the selective oxidation of carbon monoxide
in the presence of hydrogen. In still another aspect the invention relates to the
regeneration of catalyst compositions effective in the oxidation of carbon monoxide. In
yet another aspect the invention relates to removing as much carbon monoxide as
possible, pfeferably all carbon monoxide, from a stream containing carbon monoxide
and hydrogen, particl:ularly, to provide hydrogen feedstock for fuel cells.

The selective oxidation of carbon monoxide in hydrogen-rich streams has
been of considerable technical interest for the purification of reformed hydrogen used in
feed gas in ammonia synthesis. Recently, this selective oxidation process, sometimes
referred to as preferential oxidation, has attracted interest due to the possibility of using
this technology in providing suitable hydrogen fuel for fuel cells. Since carbon
monoxide is also oxidized to provide carbon dioxide for carbon dioxide lasers, the use
of a catalytic composition, which previously had been found useful in the oxidation of
carbon monoxide for use in carbon dioxide lasers, has also been investigated for
adaptation for use in providing carbon monoxide-free hydrogen for fuel cell feedstock.

A fuel cell is an electrochemical device that enables converting the
chemical energy of fuels directly to electricity. A hydrogen-air polymer electrolyte
membrane (PEM) fuel cell stack is currently considered the best means for adapting this
technology to most uses. The PEM fuel cell is most efficient using gaseous hydrogen
for fuel. Use of a fuel processor to generate a hydrogen-rich feedstock at the point of
use eliminates problems of storage and distribution of the hydrogen fuel.

A fuel processor can convert fuels such as alcohol, gasoline, liquid
petroleum gas, or natural gas to a hydrogen-rich stream. By a process of steam
reforming a stream consisting primarily of hydrogen, carbon dioxide and carbon
monoxide can be produced, but the product is generally saturated with water.
Processing this stream in a shift reactor reduces the carbon monoxide content to provide
relatively more hydrogen by means of the well-known water-gas-shift reaction. This
reaction provides a product that contains from 0.2 to 2 percent carbon monoxide by
volume, which is sufficient to poison the platinum-based catalytic composition at the

PEM anode. It has now been found that, among other possibilities for removing carbon
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monoxide to the level necessary to prevent poisoning of the PEM catalyst, the same
catalytic composition that is used to recombine carbon monoxide and oxygen in carbon
dioxide lasers can be used to provide hydrogen feedstock for fuel cells on a level of
carbon monoxide removal that is commercially viable. The operating conditions for the
processes are essentially different. The removal of carbon monoxide by selective
oxidation of a-stream containing both carbon monoxide and hydrogen can be
accomplished using the same catalytic composition as used in carbon dioxide lasers by
controlling an increased oxygen flow to the oxidation process, raising the operating
temperature of the oxidation process and avoiding reaction between oxygen and
hydrogen as compared to the conditions used to recombine carbon monoxide and
oxygen in carbon dioxide lasers.

It is desirable to provide a process that is effective for catalytically
oxidizing carbon monoxide with free oxygen.

It is also desirable to provide a process for converting carbon monoxide
(CO) to carbon dioxide (CO,) in the presence of hydrogen; wherein the catalytic
composition used is at least partially regenerated.

In accordance with this invention a process is provided for the selective
oxidation of carbon monoxide to carbon dioxide in a gaseous mixture comprising
hydrogen and carbon monoxide. The process comprises:

(a) contacting a feed stream comprising carbon monoxide, hydrogen
and oxygen with a composition comprising platinum and iron in a contacting zone at an
operating temperature in the range of from about 60°C to about 100°C, so as to produce
a product stream comprising less carbon monoxide than the feed stream, for a prolonged
period of time until the composition is at least partially deactivated thereby forming an
at least partially deactivated composition;

(b) increasing the temperature of the contacting zone such that the feed
stream is contacted with the at least partially deactivated composition at a regeneration
temperature in the range of from about 120°C to about 250°C to thereby form an at least
partially regenerated composition; and

(c) decreasing the temperature of the contacting zone such that the feed
stream is contacted with the regenerated composition at the operating temperature in the

range of from about 60°C to about 100°C.
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Brief Description of the Drawing

Figure 1 is a graph plotting the carbon monoxide conversion versus time
on stream for a process for oxidizing carbon monoxide with oxygen to carbon dioxide.

According to this invention the process for oxidizing carbon monoxide in
a feed stream that also contains hydrogen and oxygen comprises:

(a) contacting a feed stream comprising carbon monoxide, hydrogen and
oxygen with a composition comprising platinum and iron in a contacting zone at an
operating temperature in the range of from about 60°C to about 100°C, so as to produce
a product stream comprising less carbon monoxide than the feed stream, for a prolonged
period of time until the composition is at least partially deactivated thereby forming an
at least partially deactivated composition;

(b) increasing the temperature of said contacting zone such that said feed
stream is contacted with the at least partially deactivated composition at a regeneration
temperature in the range of from about 120°C to about 250°C to thereby form an at least
partially regenerated composition; and

(c) decreasing the temperature of the contacting zone such that the feed
stream is contacted with the regenerated composition at the operating temperature in the
range of from about 60°C to about 100°C.

The feed stream to the oxidation process can be formed in any suitable
manner, such as by mixing the hydrogen that contains carbon monoxide contaminant
with the oxygen containing air at any point before or at a point of contact with the
composition.

The process for oxidizing a feed containing carbon monoxide and
hydrogen gas can be carried out at any temperature and pressure conditions, for any
length of time, any gas hourly space velocity and any volume ratio of O3 to CO that is
suitable for selective oxidation of CO in the presence of hydrogen. Generally, the
temperature of this process is in a range of about 60°C to about 100°C, preferably in a
range of about 65°C to about 90°C, and most preferably in a range of 70°C to 85°C.

The pressure during the oxidation process generally is in the range of
about 10 psia to about 1000 psia, preferably 14 psia to 200 psia.

The ratio of moles of O, in the feed gas to the moles of CO in the feed
gas will generally be in the range of about 0.5 to 8.0 mol O,/mol CO, preferably 0.5 to
4.0 mol Oy/mol CO, most preferably 0.5 to 1.5 mol Oz/mol CO.
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The gas hourly space velocity (cc feed gas per cc catalyst per hour) can be
in the range of about 100 to about 200,000, preferably from about 5,000 to about 50,000.

The hydrogen will generally be in the range of about 50-90 volume
percent and the inlet CO will generally be in the range of about 0.1 to about 5 volume
petcent.

The preparation of the composition useful in this invention can be carried
out by the following process.

Any of the well-known support materials c’ontaining metal oxide can be
used as support material for the composition of matter used in the process of this
invention. Presently preferred are substantially pure alumina (aluminum oxide), clay,
silica, a monolith, titania magnesiumaluminate, magnesia, aluminosilicate, and
combinations thereof. More preferably, the support material can contain at least 95
weight percent ALO;. These materials are readily available commercially.

The impregnation of the support material with platinum and iron can be
carried out in any suitable manner. Generally, compounds of platinum and compounds
of iron are dissolved in a suitable solvent, preferably water, to prepare a solution of
suitable concentration, generally containing from about 0.005 g to about 5.0 g platinum
per cc of solution and about 0.005 g to about 5.0 g iron per cc of solution. Suitable
compounds of both platinum and iron are nitrates, carboxylates and acetylacetonates,
among others, with acetylacetonates currently preferred. Organic solvents, such as
methanol, ethanol, acetone, ethyl acetate, toluene and the like can also be used as
solvents for platinum or iron.

After impregnation, the impregnated support material is heated to a
temperature sufficient to drive off the solvent used in the impregnation. A flow of inert
gas across the support material can be used. A temperature in the range of up to about
250°C applied for about an hour is usually sufficient for the purpose.

The dried composition is heat treated in an oxidizing atmosphere,
preferably in an atmosphere containing free oxygen (such as air) generally at a
temperature ranging from about 80°C to about 700°C for a time ranging from about 0.5
hr to about 10 hours. The heat treatment is preferably done in incremental sub steps.
Currently, the heat treatment is carried out at around 150°C for about 1 hour, around
200°C for about 2 hours and around 400°C for about 3 hours. Any combination of

heating at a temperature and heating time sufficient to calcine the impregnated support
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material to obtain at least one platinum oxide, optionally mixed with metallic platinum,
and at least one iron oxide satisfies the requirements of this invention.

The composition is then dried and calcined in a suitable manner. The
resulting composition has a molar ratio of platinum to iron that is in the range of from
about 0.5:1 to about 4:1.

Before use in the process of oxidizing carbon monoxide the composition
can be activated by a reduction step that can be carried out in any suitable manner,
preferably at a temperature of about 20°C to about 650°C, more preferably about 200°C
to about 500°C for about 0.5 hour to about 20 hours, preferably about 1 hour to about 5
hours to enhance the activity of the catalyst composition for catalyzing a low
temperature oxidation of CO with O, in the presence of hydrogen. Any reducing gas can
be used: hydrogen, CO, paraffins and the like and mixtures thereof. This reduction step
leaves at least a portion of the platinum of the composition in a reduced valence state.

The composition is then contacted with a feed stream comprising carbon
monoxide, hydrogen and oxygen in a contacting zone at an operating temperature in the
range of from about 60°C to about 100°C. Preferably, the operating temperature is in
the range of from about 65°C to about 90°C, and most preferably, the operating
temperature is in the range of from 70°C to 85°C.

After the feed stream is contacted with the composition in a contacting
zone, a product stream is produced which comprises less carbon monoxide than the feed
stream. The process continues for a period of time until the composition is at least
partially deactivated, thereby forming an at least partially deactivated composition. The
at least partially deactivated composition is formed when the carbon monoxide
conversion is less than sixty percent.

Preferably, the at least partially deactivated composition is formed when
the carbon monoxide conversion is less than 80 percent.

Most preferably, the at least partially deactivated composition is formed
when the carbon monoxide conversion is less than 99.9%.

The term “carbon monoxide conversion” denotes the percentage of
carbon monoxide which is converted to a different compound or element.

Then, the temperature of the contacting zone is increased to a
regeneration temperature in the range of from about 120°C to about 250°C. Preferably,

the regeneration temperature is in the range of from about 150°C to about 250°C, and
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most preferably, the regeneration temperature is in the range of from 175°C to 225°C.
The feed stream is contacted with the at least partially deactivated composition at the
regeneration temperature to form an at least partially regenerated composition. The feed
stream is contacted with the at least partially deactivated composition at the regeneration
temperature for a time period in the range of from about 0.5 to about 10 hours.
Preferably, the time period is in the range of from about 1 to about 8 hours, and most
preferably in the range of from 2 to 7 hours. At least a portion of the platinum of the at
least partially regenerated composition is in a reduced valence state. The temperature is
then decreased such that the feed stream is contacted with the regenerated composition
once again at the operating temperature.

The following examples are presented in further illustration of the
invention and are not to be construed as limiting the scope of the invention.

Example I (Control)

A 2.0-gram quantity of a PtFe/Al,O3 composition was placed into a
reactor. A feedstock comprising 73.6% Hj, 0.93% CO, 18.6% CO,, 4.5% air, and 2.4%
H,O was contacted with the composition at a rate of 524 cc/min, and at atmospheric
pressure. The temperature was set at 80°C. Figure 1 shows the percentage of carbon
monoxide conversion versus the amount of time on stream.

Example II (Control)

The composition was then regenerated. A pure hydrogen feed was
contacted with the composition, at a rate of 300 cc/min, and at atmospheric pressure.
The temperature was raised to 300°C. After two and a half hours, the H; regeneration
ended and the temperature was reduced to 80°C. The feedstock, as described in
Example I, was once again contacted with the composition. The carbon monoxide
conversion versus the amount of time on stream is shown in Figure 1.

Example ITI (Inventive)

The composition was then once again regenerated. This time, the
temperature was raised to 200°C. The composition was not contacted with a hydrogen
feed, but continued to be contacted with the feedstock described in Example I After
four and a half hours, the temperature was reduced to 80°C. The carbon monoxide
conversion versus the amount of time on stream is shown in Figure 1.

As is evident from Figure 1, the rate of carbon monoxide conversion after

the composition was regenerated was approximately the same in Example Il and IIL.
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These rates were also almost the same as the conversion rate of the composition in
Example I, before regeneration. Therefore, it is possible to regenerate this composition
at a lower temperature and without the pure hydrogen feed used in Example II.

While this invention has been described in detail for the purpose of
illustration, it should not be construed as limited thereby but intended to cover all

changes and modifications within the spirit and scope thereof.
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CLAIMS
1. A process for oxidizing carbon monoxide with oxygen to carbon dioxide
comprises:

(a) contacting a feed stream comprising carbon monoxide, hydrogen
and oxygen with a composition comprising platinum and iron in a contacting zone at an
operating temperature in the range of from about 60°C to about 100°C, so as to produce
a product stream comprising less carbon monoxide than said feed stream, for a
prolonged period of time until said composition is at least partially deactivated thereby
forming an at least partially deactivated composition;

(b) increasing the temperature of said contacting zone such that said feed
stream is contacted with said at least partially deactivated composition at a regeneration
temperature in the range of from about 120°C to about 250°C to thereby form an at least
partially regenerated composition; and

(c) decreasing the temperature of said contacting zone such that said feed
stream is contacted with said regenerated composition at said operating temperature in
the range of from about 60°C to about 100°C.

2. A process as recited in claim 1, wherein at least a portion of the platinum
of said composition is in a reduced valence state.

3. A process as recited in claim 1, wherein at least a portion of the platinum
of said at least partially regenerated composition is in a reduced valence state.

4, A process as recited in claim 1, wherein said operating temperature of
steps (a) and (c) is in the range of from about 65°C to about 90°C.

5. A process as recited in claim 1, wherein said operating temperature of
steps (2) and (c) is in the range of from 70°C to 85°C.

6. A process as recited in clgim 1, wherein said regeneration temperature of
step (b) is in the range of from about 150°C to about 250°C.

7. A process as recited in claim 1, wherein said regeneration temperature of
step (b) is in the range of from 175°C to 225°C.

8. A process as recited in claim 1, wherein said at least partially deactivated
composition is formed when the carbon monoxide conversion is less than 60%.

9. A process as recited in claim 1, wherein said at least partially deactivated

composition is formed when the carbon monoxide conversion is less than 80%.
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10. A process as recited in claim 1, wherein said at least partially deactivated
composition is formed when the carbon mdnoxide conversion is less than 99.9%.

11. A process as recited in claim 1, wherein said feed stream is contacted
with said at least partially deactivated composition at said regeneration temperature in
step (b) for a time period in the range of from about 0.5 to about 10 hours. ‘
12. A process as recited in claim 1, wherein said feed stream is contacted
with said at least partially deactivated composition at said regeneration temperature in
step (b) for a time period in the range of from about 1 to about 8 hours.

13. A process as recited in claim 1, wherein said feed stream is contacted
with said at least partially deactivated composition at said regeneration temperature in
step (b) for a time period in the range of from 2 to 7 hours.

14. A process as recited in claim 1, wherein said composition further
comprises a support selected from the group consisting of clay, alumina, silica, a
monolith, titania magnesiumaluminate, magnesia, aluminosilicate and combinations
thereof.

15. A process as recited in claim 1, wherein the molar ratio of platinum to

iron of said composition is in the range of from about 0.5:1 to about 4:1.
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