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PREFERENTIAL OXIDATION REACTOR AND PROCESS

BACKGROUND OF THE INVENTION

The present invention relates to preparation of fuel for a
fuel cell power plant and, more particularly, to a preferential
oxidation reactor and process whereby carbon monoxide in a
reformate stream is converted to carbon dioxide.

Proton exchange membrane (PEM) fuel cells and PEM fuel
cells stacks use hydrogen for fuel. It is conventionally quite
difficult to obtain pure hydrogen as fuel, however, and
therefore hydrogen rich gas mixtures are obtained through
reforming of various hydrocarbon fuels. Hydrocarbon fuel is
typically treated through a series of reactors, for example a
reformer and a shift converter, and then fed as fuel to a PEM
fuel cell power plant. Such processing of fuel typically
results in a stream containing hydrogen as well as carbon
dioxide, water, nitrogen and carbon monoxide. Carbon dioxide
and water can be readily and easily removed but it is carbon
monoxide removal that is key because carbon monoxide acts as a
poison on the anode of PEM cells. However, conventional carbon
monoxide removal processes such as pressure swing adsorption
systems and the like add greatly to the expense and size of
equipment needed.

Attempts to preferentially oxidize carbon monoxide in the
reformate stream have been made. However, existing problems
include parasitic consumption of hydrogen during this process,
introduction of additional nitrogen to the reformate stream and

others.
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It is therefore the primary object of the present invention
to provide a preferential oxidation reactor and process whereby
these and other problems are overcome.

Other objects and advantages of the present invention will

appear hereinbelow.

SUMMARY OF THE INVENTION

In accordance with the present invention, the foregoing
objects and advantages have been readily attained.

According to the invention, an apparatus for preferential
oxidation of carbon monoxide in a reformate flow is provided,
which apparatus comprises a reactor defining a flow path for a
reformate flow; at least one catalyst bed disposed along said
flow path; and a distributor for distributing oxygen from an
oxygen source to said at least one catalyst bed, said
distributor comprising a conduit positioned at least one of
upstream of and through said at least one catalyst bed, said
conduit having a sidewall permeable to flow of oxyéen from
within said conduit to said at least one catalyst bed. While a
tubular shape is preferred for the conduit, other shaped
conduits may also be used.

In further accordance with the present invention, a process
for preferential oxidation of carbon monoxide in a reformate
flow to a fuel cell stack is provided, which comprises the steps
of providing a reformate flow containing carbon monoxide;
providing a reactor defining a flow path for said reformate
flow, at least one catalyst bed disposed along said flow path,
and a distributor for distributing oxygen from an oxygen source
to said at least one catalyst bed, said distributor comprising a
conduit positioned at least one of upstream of and through said
at least one catalyst bed, said conduit having a sidewall

permeable to flow of oxygen from within said conduit to said at
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least one catalyst bed; feeding said reformate flow along said
flow path; and feeding oxygen through said conduit whereby said
oxygen contacts said carbon monoxide and said carbon monoxide is

oxidized.

BRIEF DESCRIPTION OF THE DRAWINGS

A detailed description of preferred embodiments of the
present invention follows, with reference to the attached
drawings, wherein:

Figure 1 schematically illustrates an apparatus in
accordance with the present invention;

Figure 2 schematically illustrates an end view of a reactor
in accordance with an alternative embodiment of the present
invention;

Figure 3 schematically illustrates a further embodiment of
the present invention;

Figure 4 schematically illustrates a further alternative
embodiment of the present invention; and

Figures 5-7 schematically illustrate alternative
configurations for the tubular member of an embodiment as

illustrated in Figure 4.

DETAILED DESCRIPTION

The invention relates to a preferential oxidation reactor
and process wherein, advantageously, oxygen is evenly
distributed through the reformate in the bresence of a catalyst
so as to more efficiently oxidize the carbon monoxide present in
the stream, without excessive reaction with hydrogen, so as to
provide a final fuel stream to the PEM fuel cell power plant
which has a reduced amount of carbon monoxide and, preferably, a

greater amount of hydrogen.
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Turning now to the figures, Figure 1 illustrates a
preferential oxidation reactor 10 in accordance with one
embodiment of the present invention. Figure 1 schematically
illustrates reactor 10 having a housing 12 defining a flow path
(arrows A) for a flow of reformate to be treated before feeding
to a fuel cell power plant as desired.

Reactor 10 will typically house at least one catalyst bed
14, and Figure 1 illustrates a configuration of the present
embodiment wherein two catalyst beds 14 are positioned along
reactor 10 in a spaced relationship.

In further accordance with the present invention, a conduit
such as element 16 is provided for distributing oxygen within
reactor 10 for reaction with carbon monoxide within the
reformate flow as will be further discussed below. According to
the present invention, tubular element 16 is configured so as to
provide for substantially uniform and even distribution of
oxygen through reactor 10 which advantageously provides for more
selective oxidation of carbon monoxide while also minimizing
undesired burning or consumption of hydrogen. Tubular element
16 is advantageously positioned either passing through or
upstream of catalyst beds 14 as described below so as to provide
desirable uniform distribution of oxygen.

In the embodiment illustrated, the conduit isg a tubular
element. It should be appreciated that other shaped conduits
can also be used, well within the scope of the present
invention.

In the embodiment of Figure 1, tubular element 16 is
positioned substantially concentric with housing 12, and passing
through both catalyst beds 14. In thig embodiment, tubular
element 16 is advantageously provided having a sidewall, or at
least portions of a sidewall, which are permeable to oxygen to

assist in even distribution of oxygen through reactor 10, and
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preferably through catalyst beds 14 where reaction with carbon
monoxide within the reformate stream takes place. In accordance
with the present invention, the sidewall of tubular element 16
may be rendered permeable to oxygen in several ways. In
accordance with one embodiment of the present invention, the
sidewall of tubular element 16 may be provided having a series
of perforations or holes which allow flow therethrough.
Alternatively, and as further discussed below, tubular element
16 may be provided having at least a portion of the sidewall
fabricated from a permeable material, especially from a material
which is selectively permeable to oxygen.

In accordance with the present invention, it has been found
that a pressure drop develops in catalyst beds 14 along the flow
direction of reformate therethrough. This pressure drop
complicates the even distribution of oxygen throughout reactor
10, and can lead to localized excess oxygen which can
undesirably react with hydrogen, rather than with the carbon
monoxide to be selectively converted to carbon dioxide. 1In
accordance with the present invention, it has been found that
this pressure drop can be balanced by carefully selecting the
hole size or membrane permeability of tubular element 16 such
that flow through the sidewall remains substantially constant
along the length of tubular element 16, thereby uniformly and
evenly distributing the oxygen as desired. This can be
accomplished by providing tubular element 16 with holes through
the sidewalls which are greater in area at inlet end 18 than
they are at outlet end 20. It is further preferable that the
area of such holes gradually decrease in size per length of
tubular element 16 from inlet end 18 to outlet end 20 so that
flow area gradually decreases as the pressure decreases through
catalyst beds 14. It should of course be appreciated that

greater hole area can be provided toward inlet end 18 by
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utilizing holes of greater size, or by utilizing a greater
concentration of holes, which in either event will provide for
the desired balancing of flow area with the pressure drop as
described above.

In this embodiment, wherein the sidewall of tubular element
16 is perforated to render same permeable to oxygen, it is
preferable that tubular element 16 be positioned within reactor
10 such that inlet end 18 is substantially accessible for flow
of oxygen, typically of air containing oxygen, and that outlet
end 20 terminates a distance from the inlet of reactor 10 which
is equal to between about 5 and about 100% of the length L of
reactor 10. Preferably, outlet end 20 is spaced from the end of
reactor 10 by a distance of about 20% of length L of reactor 10.

Still referring to Figure 1, housing 12 may advantageously
be provided as a double-shell housing, wherein inner shell 22
defines flow path A as desired, and outer shell 24 defines an
annular space 26 between inner shell 22 and outer shell 24
through which heat exchange coolant can be fed if desired.

In further accordance with the present invention, catalyst
beds 14 may advantageously be spaced along the length of reactor
10 as described above and as shown in Figure 1. This spacing
defines a gap 28 between beds which can advantageously be used
for direct Hy,O injection, if desired.

Reformate flow along flow path A in accordance with the
present invention may typically come from earlier fuel
processing steps, and will typically come from a shift
converter. This reformate flow entering reactor 10 will
typically contain hydrogen, carbon dioxide, water and carbon
monoxide. Feed to tubular element 16 is preferably an oxygen-
containing stream, and may suitably be air. This is fed to
tubular element 16 from any convenient source, and oxygen is

then passed through the oxygen permeable sidewall of tubular
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element 16 so as to react with reformate in the presence of
catalyst beds 14 so as to selectively oxidize the carbon
monoxide as desired. The product from reactor 10 is a further
oxidized fuel which is suitable for feed to a fuel cell stack,
and which has reduced carbon monoxide and a greater hydrogen
content as desired.

Reactor 10 in accordance with the present invention
advantageously provides for increased selectivity and conversion
of carbon monoxide, and this increased carbon monoxide
selectivity reduces the amount of hydrogen burned in the
reactor. This provides for an improvement in efficiency of the
overall system, and also reduces the need for heat exchangers,
thereby allowing reduction in size of the heat exchanger to be
used in reactor 10.

Turning now to Figure 2, a schematic illustration of an end
view is shown wherein, in accordance with an alternative
embodiment of the present invention, a plurality of tubular
elements 16 are provided passing along reactor 10 through
catalyst beds 14 so as to further uniformly distribute oxygen as
desired. In the embodiment of Figure 2, the center conduit and
three of the perimeter conduits are tubular elements 16 for
carrying air/oxygen through reactor 10 as desired. In this
embodiment, additional heat exchange coolant can further be
conveyed through additional tubular members 30 as desired, thus
further enhancing the efficiency of reactor 10 in accordance
with the present invention as well as reducing the size of same.

Figure 2 further illustrates the inner shell 22 and outer
shell 24 as discussed above in connection with Figure 1, as
well.

Turning now to Figure 3, a further embodiment of the
present invention is illustrated wherein, rather than

perforations through tubular element 16, tubular element 16 is
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provided with an oxygen permeable membrane along at least some
portions of the sidewall, whereby oxygen is allowed to pass from
within tubular element 16 to outside of tubular element 16 and
into flow path A for exposure to carbon monoxide within the
reformate in the presence of catalyst in catalyst beds 14 as
desired. Preferably, oxygen is introduced into gaps between
catalyst beds 14. Sidewall 32 having at least portions made
from an oxygen selective membrane advantageously allows oxygen
to pass from within tubular member 16 to outside of tubular
member 16, while preventing nitrogen and other components of the
air from entering the reformate stream. This advantageously
allows for oxidation of carbon monoxide without addition of
further non-hydrogen components to the reformate fuel.

Any membrane material for passing oxygen without passing
nitrogen that is compatible with the operating environment may
be used. As with the embodiment based upon physical holes
through the sidewall of tubular element 16, the properties of
sidewall 32 are advantageously adjusted such that permeability
to oxygen is greater at the inlet end of tubular member 16 than
it is at the outlet end. Matching permeability to the pressure
drop advantageously allows for a substantially uniform flow of
oxygen from tubular element 16 into catalyst beds 14 as desired.

The embodiment of Figure 3 is in all other respects the
same as that described above in connection with Figure 1.

Turning now to Figure 4, a further alternative embodiment
of the present invention is illustrated. As shown, in this
embodiment tubular elements l6a are provided in a substantially
planar configuration positioned substantially adjacent to a
leading or upstream surface 34 of catalyst beds 14. Tubular
elements 1l6a of this embodiment are still provided having a
sidewall which is permeable to oxygen, and this oxygen

permeability can be provided in the form of physical holes in
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the sidewall of tubular elements 16a, or through oxygen
selective membranes, and the like. 1In this embodiment, air flow
is advantageously distributed evenly upstream of and across the
front surface of catalyst bed 14. 1In this embodiment, radial
injection speed or momentum of the air combined with axial flow
of the reformate can be adapted so as to generate a uniform
distribution of air across the catalyst bed as desired.

Tubular elements 16a of Figure 4 can advantageously be bent
or formed into any desired configuration. Figures 5-7
illustrate several preferred embodiments.

Figure 5 illustrates an embodiment wherein tubular element
l6a is formed as an outer ring with cross sections 36 which can
advantageously be positioned so as to be fed from a single air
feed line passing through centers 38 thereof.

The embodiment of Figure 6 involves bending tubular
elements 16a into a spiral configuration wherein feed of air can
be introduced at outer end 40 or at central end 42. In either
embodiment, the spiral nature of tubular element 16a will
further advantageously serve to spread air and oxygen over the
entire upstream surface 34 of catalyst beds 14 as desired.

Figure 7 illustrates the simplest configuration of this
embodiment wherein tubular element 16a is formed as a simple
ring having two ends 44, 46 one end 44 of which is adapted for
connection to a single feed line 48 as illustrated in Figure 4.

As set forth above, tubular elements 16, 16a can be
provided with oxygen permeable sections by precision machining
holes of the desired size in various locations thereon.
Alternatively, and also as set forth above, tubular elements 16,
1l6a can be provided with portions of material which are
selectively permeable to oxygen. As a further alternative,
tubular elements 16, 16a can be made from a porous metal with

sections of different porosity along the reactor length. 1In any
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case, the main approach is to match permeability with the
pressure drop along the bed to obtain a desired uniform air
distribution throughout the reactor. The porous metal,
precision-drilled hole or oxygen selective permeable membrane
approaches as discussed above can be applied to any of the
embodiments disclosed herein.

Catalyst beds 14 are typically provided of any suitable
catalyst for enhancing oxidation of carbon monoxide to form
carbon dioxide. Suitable catalysts include precious metals
(e.g. Pt, Pd, Ru, Au, Ag, Rh and combinations thereof)
preferably on oxide supports such as alumina. Such catalyst can
be provided as pellets, foam or in any other suitable
configuration. Arranging beds within reactor 10 with a gap 28
positioned therebetween advantageously allows for introduction
of air before each catalyst bed 14, which may be particularly
desirable in situations where oxygen cannot be expected to flow
radially from tubular elements 16, for example in the case of a
monolith catalyst. In addition, positioning of gaps 28 between
beds 14 allows for direct injection of small amounts of water
between the beds, as discussed above, to further replace or
avoid the need for additional heat exchangers and the like.

In connection with a further embodiment of the present
invention, it may desirable to provide a control member for
controlling the air flow through tubular elements 16, 16a so as
to conform to potentially varying reformate flow rates. For
example, reformate may be fed to the fuel cell power plant or
other device using such fuels at three different power levels,
for example, 10%, 50% and 100% of the maximum design flow rate.
To correspond to such a configuration, it may be desirable to
incorporate a control member into the feed line for tubular
elements 16, 1l6a so as to provide an appropriate amount of

oxygen for each different reformate flow rate. In this manner,
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reaction within reactor 10 can be maintained at an efficient
level and the chance for undesirable combustion of hydrogen, for
example due to excess oxygen, can be avoided.

An alternate way to provide such control would be to
incorporate a mechanism within the tubular distributor which
could block off certain holes (or porous sections). In one
example, this can be provided as a tube positioned within
tubular elements 16, 1l6a, and also having certain holes or
sections of permeability positioned therein. Rotation of the
inner tube will align or migalign certain holes, thereby
changing the flow area open for oxygen flow along the length of
tubular element 16, lé6a as desired.

In accordance with the present invention, it should be
appreciated that a preferential oxidation reactor and process
have been provided whereby oxygen is substantially uniformly
distributed throughout reformate flow within the reactor in the
presence of an appropriate catalyst so as to enhance reaction of
carbon monoxide to carbon dioxide as desired. This enhanced
uniformity of oxygen distribution advantageously reduces
undesirable hydrogen consumption, providing for a more efficient
reactor and reducing the heat which must be removed from the
reactor, all as is desirable in accordance with the present
invention.

It is to be understood that the invention is not limited to
the illustrations described and shown herein, which are deemed
to be merely illustrative of the best modes of carrying out the
invention, and which are susceptible of modification of form,
size, arrangement of parts and details of operation. The
invention rather is intended to encompass all such modifications

which are within its spirit and scope as defined by the claims.
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WHAT IS CLAIMED

1. An apparatus for preferential oxidation of carbon
monoxide in a reformate flow, comprising:

a reactor defining a flow path for a reformate flow;

at least one catalyst bed disposed along said flow path;
and

a distributor for distributing oxygen from an oxygen source
to said at least one catalyst bed, said distributor comprising a
conduit positioned at least one of upstream of and through said
at least one catalyst bed, said conduit having a sidewall
permeable to flow of oxygen from within said tubular member to

said at least one catalyst bed.

2. The apparatus of claim 1, wherein a plurality of holes
are positioned through said sidewall whereby said sidewall is

permeable to said flow of oxygen.

3. The apparatus of claim 1, wherein said sidewall

comprises a material which is selectively permeable to oxygen.

4. The apparatus of claim 1, wherein said conduit has an
inlet, an outlet and a length defined therebetween, and wherein
said sidewall has a greater permeability to oxygen at said inlet

than at said outlet.

5. The apparatus of claim 4, wherein said permeability to

oxygen decreases from said inlet to said outlet.

6. The apparatus of claim 1, wherein said conduit isg

arranged substantially parallel to said flow path.
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7. The apparatus of claim 6, wherein said conduit passes

through said at least one catalyst bed.

8. The apparatus of claim 6, wherein said conduit
comprises at least two conduits arranged substantially parallel

to said flow path.

9. The apparatus of claim 8, further comprising at least
one additional conduit for carrying a coolant, said at least one
additional conduit passing through said catalyst bed and being
positioned substantially parallel to said flow path.

10. The apparatus of claim 1, wherein said reactor
comprises an inner shell defining said flow path and an outer
shell disposed around said inner shell to define an annular

coolant flow path therebetween.

11. The apparatus of claim 1, wherein said at least one
catalyst bed comprises at least two catalyst beds positioned
along said flow path and spaced from each other to define a gap
therebetween, and further comprising a water injection inlet

positioned to inject water into said gap.

12. The apparatus according to claim 1, wherein said at
least one catalyst bed is positioned along said flow path to
define an upstream surface, and wherein said at least one
conduit is arranged in a plane substantially parallel to said

surface.

13. The apparatus of claim 12, wherein said at least one

conduit is substantially adjacent to said surface.

13
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14. The apparatus of claim 12, wherein said at least one
catalyst bed comprises a plurality of catalyst beds positioned
along said flow path and spaced from each other so that each of
said catalyst beds has an upstream surface, and wherein said at
least one conduit comprises a plurality of conduits arranged
substantially adjacent to said upstream surface of said

plurality of catalyst beds.

15. The apparatus of claim 14, further comprising a single

oxygen inlet for feeding all of said plurality of conduits.

16. The apparatus of claim 1, wherein said reactor has a
reactor length, and wherein said at least one tubular member is
positioned along said length from an inlet to said flow path to
a point spaced from said inlet of said flow path by a distance

of between about 5% and about 100% of said length.

17. A process for preferential oxidation of carbon
monoxide in a reformate flow to a fuel cell stack, comprising
the steps of:

providing a reformate flow containing carbon monoxide;

providing a reactor defining a flow path for said reformate
flow, at least one catalyst bed disposed along said flow path,
and a distributor for distributing oxygen from an oxygen source
to said at least one catalyst bed, said distributor comprising a
conduit positioned at least one of upstream of and through said
at least one catalyst bed, said conduit having a sidewall
permeable to flow of oxygen from within said conduit to said at

least one catalyst bed;
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feeding said reformate flow along said flow path; and
feeding oxygen through said conduit whereby said oxygen
contacts said carbon monoxide and said carbon monoxide is

oxidized.

18. The process of claim 17, wherein feed of said
reformate flow creates a pressure drop across said at least one
catalyst bed, and wherein permeability of said sidewall is
selected to decrease along said conduit so as to provide

substantially uniform distribution of oxygen along said conduit.
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