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ADSORPTIVE SEPARATION OF GAS STREAMS

FIELD
The present disclosure relates to adsorptive separation, and more particularly

5  toan improved method and apparatus for adsorptive separation of gas streams.

BACKGROUND
Adsorptive processes are an established means of separation used to separate
gas phase components in multicomponent gas streams found in many industrial
10  applications. Many industrial gas streams contain contaminant components which
may be advantageously separated from the gas stream prior to some downstream use.
Adsorptive separation processes have been adapted for use in many such industrial
applications.
Thermal and pressure swing adsorption processes (TSA and PSA) as known in
15  the prior art have bdth been successfully adapted to remove contaminant components
from commercially important gas streams, making use of specialized adsorbent
materials to adsorb contaminants from the input, or feed gas stream, leaving the
desired product gas stream substantially free of the contaminants. Such adsorbent
materials may then be cyclically regenerated to subsequently desorb the contaminant
20 component which may be exhausted or otherwise disposed, prior to re-use of the
adsorbent material. -
In conventional adsorptive separation systems, the regeneration of the
adsorbent material(s) requires the application of a purge stream that is substantially
free of the contaminant component in contact with the adsorbent, in order to

25  effectively desorb the contaminant component from the adsorbent material. In the
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case of TSA, the purge stream is heated to a temperature sufficient to desorb the
contaminant from the adsorbent. In the case of PSA, purified product gas is typically
used to purge the contaminant from the adsorbent. Such purge gas must typically be
selected from gases external to the available feed gas stream, such as in the case of a
TSA system, an exemplary heated inert (substantially free of contaminant
component(s) and other gas components which may inhibit desorption and purge of
the adsorbed contaminant from the adsorbent material) purge gas, or purified product
gas in the case of a PSA system. The use of such contaminant free purge gas stream s
typically influence the efficiency of the adsorptive process, by reducing product
recovery in the case of PSA, and/or increasing the cost such in the provision of a
suitable heated contaminant-free purge gas stream in the case of TSA. In all cases,
the overall achievable efficiency of the adsorptive separation system is limited by the
quantity and cost (in terms of external gas and heat energy or lost product gas) of
purge gas required to desorb the contaminant from the adsorbent material during

regeneration.

SUMMARY OF THE INVENTION
In a first embodiment, the present invention relates to a method for
substantially separating a contaminant gas component from a feed gas stream
comprising ét leést the contaminant gas component, a diluent gas component and a
desired product gas component. The inventive method comprises the steps of’
(a) providing a first adsorbent material in a first adsorption zone wherein the
first adsorbent material is selective for the contaminant component relative to the

diluent component, and a second adsorbent material in a second adsorption zone
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wherein the second adsorbent material is selective for the diluent component relative
to the desired product component;

(b) passing the feed gas stream through the first adsorption zone in contact
with the first adsorbent material such that the contaminant component is substantially
adsorbed on the first adsorbent material, and subsequently through the second
adsorption zone in contact with the second adsorbent material such that at least a
portion of the diluent component is adsorbed on the second adsorbent material;

(c) withdrawing from the second adsorption zone a product gas stream
enriched in the desired product component relative to the feed gas stream;

(d) regenerating the first adsorption zone by passing an exhaust gas stream
comprising at least a portion of the adsorbed diluent component from the second
adsorption zone through the first adsorption zone, such that at least a portion of the
contaminant component adsorbed on the first adsorbent material is purged from the
first adsorption zone by the diluent component.

In an. exemplary embodiment of the above inventive method, the contaminant
component may comprise carbon monoxide, the diluent component may comprise
carbon dioxide, and the desired product component may comprise hydrogen. In such
an embodiment, the feed gas stream may be a reformate stream from a steam catalytic
reformer. In another embodiment, the aforementioned diluent component may
additionally comprise nitrogen. In such an embodiment, the feed gas stream may be a
reformate stream frqm a catalytic partial oxidation reformer.

In a further embodiment of the inventive method, the contaminant component'
may comprise carbon dioxide, the diluent component may comprise nitrogen, and the
desired product comﬁonent may comprise methane. In such an embodiment, the feed

gas stream may be an impure natural gas, landfill gas, or biogas stream.



10

15

20

WO 2006/000102

In any of the above efnbodiments, the feed gas stream may additionally
comprise a second contaminant component, which.may be substantially adsorbed on a
third adsorbent material contained in a third adsorption zone, wherein the third
adsorbent material is selective for the second contaminant component relative to the
diluent component. In such an embodiment, the third adsorption zone may be
regenerated By passing the exhaust gas stream comprising at least a portion of the
adsorbed diluent component from the second adsorption zone through the third
adsorption zone, such that at least a portion of the second contaminant component
adsorbed on the third adsorbent material is purged from the third adsorption zone by
the diluent cbmponept. )

In a second embodiment, the invention includes an adsorptive sepgration
system for substantially separating a contaminant gas component from a feed gas
stream comprising at least the contaminant gas component, a diluent gas component
and a desired product gas component. The inventive system comprises:

(a) an adsorﬁtion bed comprising a first adsorption zone containing a first
adsorbent material selective for the contaminant component relative to the diluent
component, and a sécond adsorption zone containing a second adsorbent material
selective for the diluent component relative to the desired product component;

(b) afeed gaS inlet valve for admitting the feed gas stream into the adsorption
bed such that the feed gas stream passes through the first adsorption zone in contact
with the first adsorbent material such that the contaminant component is substantially
adsorbed on the first adsorbent material, and subsequently through the se;:ond
adsorption zone in contact with the second adsorbent material such that at least a

portion of the diluent component is adsorbed on the second adsorbent material;

PCT/CA2005/001014
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(c) aproduct gas outlet valve for withdrawing a product gas stream enriched
in the desired product component relative to the feed gas stream from the adsorption
bed; and

(d) an exhaust gas outlet valve for withdrawing an exhaust gas stream from
the adsorptién bed during regeneration of the adsorption bed, said exhaust gas stream
comprising at least a portion of the adsorbed diluent component from the second
adsorption zone and at least a portion of the adsorbed contaminant component from
the first adéorption zone which has been purged from the first adsorbent material by
the passage of the portion of the diluent component in contact with the first adsorbent
material. | |

In an exemplary embodiment of the above system according to the present
invention, the contaminant component may comprise carbon monoxide, the diluent
component may comprise carbon dioxide, and the desired product component may
comprise hydrogen. .In such an embodimcnt, the feed gas stream may be a reformate
stream from a steam catalytic reformer. In another embodiment, the aforementioned
diluent component may additionally comprise nitrogen. In such an embodiment, the
feed gas stream may be a reformate stream from a catalytic partial oxidation reformer.

In a further embodiment of the inventive system, the contaminant component
may comprise carbon dioxide, the d.iluent component may comprise nitrogen, and the
desired product component may comprise methane. In such an embodiment, the feed
gas stream may be an impuré natural gas, landfill gas, or biogas stream.

In any of the above system embodiments, the feed gas stream may additionally
comprise a second contaminant gas component, and the adsorption bed may
additionally comprise a third adsorption zone containing a third adsorbent material

selective for the second contaminant component relative to the diluent component. In

.
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such embodiments, the feed gas stream may pass through the third adsorption zone in
contact with the third adsorbent material prior to passing through the second
adsorption zone such that the second contaminant component is substantially
adsorbed on the third adsorbent material, and the exhaust gas stréam may additionally
comprise at least a portion of the adsorbed second contaminant component from the
third adsorption zone which has been purged from the third adsorbent material by the
passage of the portion of the diluent component in contact with the third adsorbent
material.

For purposeslof reference in the foregoing and following description and the
appended claims, a contaminant component of a feed gas stream may be defined to
comprise any one or more gaseous species present in a feed gas stream to be separated
by the methods and systems of the present invention, that must be substantially
separated from the desired product component in order to produce a product gas
stream enriched in the desired prodﬁct component that is suitable for use in a chosen
downstream produét or process. A diluent component of a feed gas stream may be
defined to comprise any one br more gaseous species present in a feed gas stream to
be separated by methods and systems of the present invention, that is desirably
reduced in concentration relative to the concéntration of the desired product
component in the product gas stream compared to the feed stream in order to provide
a product gas stream suitably enriched in the desired product component. The relative
selectivity of an'adsorbent material for a first gas component over a second gas
component as defined and used in this disclosure may be understood to mean one of:
a relative equilibrium selectivity, a relative kinetic selecti\}ity, or a combination of
both relative equilibrium and relative kinetic selectivities. A relative equilibrium

selectivity-of an adsorbent material for a first gas component over a second gas
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component may be understood to mean that the adsorbent material has a greater
equilibrium adsorptive capacity for the first gas component relative to the second gas
component at the adsorptive conditions (total and partial pressure, temperature, feed
stream composition, adsorption step duration, etc.) present during the adsorption
phase of the separation cycle of concern in a particular application of the present
invention. A relative kinetic selectivity of an adsorbent material for a first gas
component over a second gas component may be understood to mean that the
adsorbent material has a greater rate of adsorptive diffusivity with respect to the first
gas component relative to its rate of adsorptive diffusivity with respect to the second
gas component at the adsorptive conditioné (total and partial pressure, temperature,
feed stream composition, adsorption step duration, etc.) present during the adsorption
phase of the iseparation cycle of concern in a particular application of the present

invention.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a schematic diagram showing the structure of an adsorption bed
and associated portions of an adsorptive separation system according to the present

invention.

DETAILED DESCRIPTION OF SEVERAL EMBODIMENTS
The present iﬁvention encompasses a methbd and system for substantially
separating a contaminant gas component from a feed gas stream comprising at least
the contaminant gas component, a diluent gas component and a desired gas
component, by means of adsorptive separation. The method and associated system

utilize at least a first and second adsorbent materials, contained in at least first and
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second adsorption zones respectively, which may be typically enclosed inside at least
one adsorption bed. The first and second adsorbent materials may be compositionally
distinct froﬁ each other, and may be selected based on their adsorption characteristics
relative to the contaminant, diluent and desired product gas components of the feed
gas stream for a desired adsorptive separation application. The first adsorbent
material is chosen such that it is adsorptively selective for the contaminant
component, relative to the diluent component, so that when the feed gas is passed
through the first adsorption zone in contact with the first adsorbent material, the
contaminant component in substantially adsorbed on the first adsorbent material, and
thereby substantially removed from the feed gas stream. The second adsorbent
material is chosen such that it is adsorptively selective for the diluent component
relative to the desired product component, so that when the feed gas stream is passed
through the second adsorption zone in contact with the second adsorbent material,
subsequent to passing through the first zone, at least a portion of the diluent
component of the feed gas stream is adsorbed on the second adsorbent material.

In the adsorptive separation processes contemplated by the present inventive
method and system, the at least one adsorption bed and contained adsorbent materials
must be regenerated following adsorption of the at least one contaminant component,
in order to desorb the adsorbed gas components from the adsorbent materials, to
enable further cyclic'adsorptive separation steps. In the case of the present invention
applied to a PSA process, adsorption may take place inside the adsorption bed at an
elevated pressure and regeneration may be accomplished by the reduction of pressure
in the bed and by the passage of a purge gas stream through the bed (and therefore the
adsorption zoneS and adsorbent materials therein) to desorb the at least one adsorbed

contaminant component. In the case of the present invention applied to a TSA
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process, adsorpti.on may take place inside the adsorption bed at a lower temperature
(either of the feed gas stream or of the adsorption bed itself) and regeneration may be
accomplished at a hfgher temperature (either by heating of the purge gas stream or the
adsorption bed itself such as by resistively heating an adsorbent support material) by
the passage of a purge gas stream through the bed (and the adsorption zone and
adsorbent materials therein) to desorb the at least one adsorbed contaminant
component. In an application of the invention to a displacement purge adsorption
process, adsorption and regeneration may take place at similar pressures and
temperatures, and d.esorption of the at least one contaminant component may be
accomplished pr_imarily by the passage of a purge gas stream through the adsorption
bed. Such a purge gas stream may typically be substantially free of the contaminant
to be removed from the feed gas mixture, and may contain a component that is
relatively weakly adsorbed or not adsorbed on the selected adsorbent materials used in
the adsorption process, in order to provide a purging action to desorb at least a portion
of the contarﬁinant component from the adsorption bed.

It is an object of the present inventive method and systems to improve the
efficiency of adsorptive separation processes by reducing the requirement for
providing external substantially contaminant-free purge gas volumes for regenerative
desorption of the contaminant component from the first adsorbent material.

According to the present inventive method and systems, during regeneration
of the adsorbent materials, an exhaust gas is passed through the adsorption beds (and

thereby through the adsorption zones and in contact with the adsorbent materials) in a

_ direction opposite to the flow of the feed gas stream during an initial adsorption step.

The exhaust gas comprises at least a portion of the diluent component that was

previously adsorbed on the second adsorbent material which passes through the first
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adsorption zone in contact with the first adsorbent material. The portion of the diluent
component in the exhaust gas serves to desorb and purge at least a portion of the
contaminant component adsorbed on the first adsorbent material. In the case of PSA
process application, the passage of the desorbed diluent-containing exhaust gas
through the first adsorption zone is known as a countercurrent blowdown step. The
function of the desorbed diluent component gas to purge at least a portion of the
adsorbed contaminant component from the adsorption bed in the method and systems
of the present invention reduces the requirement (may reduce the volume, heating
and/or product gas component content of the purge gas stream required) for external
substantially contaminant-free purge gas volumes during regeneration of the
adsorbent materials in the adsorption beds, thereby increasing overall system
efficiency with respect to the energy consumption or product recovery of the system.
In the case of application of the present inventive method and systems to PSA
processes,vth‘e recovery of the desired product component may also be increased due
to reduced consumpfion of product component gas in the regeneration of the
adsorbent materials in the adsorption beds.

With refereﬁce to Figyre 1, an exemplary adsorption bed 1 according to the
present invention is schematically depicted. The exemplary bed comprises first and
second adsorption zones 3, 5 which contain first and second adsorbent materials 2,4,
respectively. Feed inlet valve 6 is ﬁrovided to admit a feed gas mixture comprising
contaminant, diluent and product gas components to the end of the adsorption bed 1
proximal to the first adsorption zone 3. Product gas outlet valve 10 is provided to
withdraw a product gas enriched in the desired product gas component from the end
of the adsorption bed 1 distant from the first adsorption zone, 3. Exhaust gas outlet

valve 8 is provided to withdraw an exhaust gas stream comprising at least a portion of

10
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the adsorbed diluent component (which was adsorbed on the second adsorbent
material, 4) from the second adsorption zone, 5 and at least a portion of the adsorbed
contaminant component from the first adsorption zone, 3 which has been purged from
the first adsorbent material, 2 by the passage of the portion of the diluent component
in contact with the first adsorbent material, 2. In Figure 1, feed gas inlet valve 6, and
exhaust gas outlet vaive, 8 are shown communicating with the end of the-adsorption
bed 1 proximal to the first adsorption zone 3 through a common gas port 12, however,
the valves may optionally communicate individually with the adsorption bed for
admission of feed gas, and withdrawal of exhaust gas.

In another embodiment according to the present invention, the inventive
adsorption bed configuration may be applied to a rotary adsorption system, whereby
multiple similar adsorption beds may be relatively rotatable with respect to one or
more rotary valves common tlo the multiple adsorption beds, wherein the rotary valves
comprise the feed gas inlet, product gas outlet, and exhaust gas outlet valves referred
to in the previous exemplary embodiment, such as is disclosed in detail in the multiple
bed rotary adsorption system arrangements described in the Applicant’s U.S. Patents
Number 6,451,095 and RE38,493, the contents of which are herein incorporated by
reference in their entirety.

In any of the above embodiments of the present inventive methods and
systems, adsorbent materials, including the first and second adsorbent materials may
be provided as shaped, formed or extruded adsorbent particles or monoliths. Such
particulate of monolity adsorbent materials may comprise any active adsorbent
compounds suitable to adsorb specific contaminant and/or diluent gas components
present in any feed gas stream of interest. Such adsorbent compounds may comprise

without limitation, crystalline molecular sieves (comprising zeolites, titanosilicates,

11
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and mixed tetrahedral and octahedral coordination microporous molecular sieves),
activated carbons including carbon molecular sieves, silica gels, aluminas, and
combinations thereof. Alternatively, adsorbent materials, including the first and
second adsofberit materials may be provided as structured adsorbent layers, such as
formed thin adsorbent sheets. Such adsorbent sheets may comprise adsorbent
materials with or without additional support and/or binder materials. Adsorbent
sheets may be arranged to provide flow channels, thereby producing a high surface
area, parallel passage adsorbent structure with having substantially lower flow
channel pressure drop relative to some conventional particulate adsorbent materials
arranged in packed beds. Such adsorbent structures may incorporate any suitable
adsorbent compounds, which may comprise without limitation, crystalline molecular
sieves (comprising zeolites, titanosilicates, and mixed tetrahedral and octahedral
coordination micropbrous molecular sieves), activated carbons including carbon
molecular sieves, silica gels, aluminas, microporous polymeric adsorbents and
combinations thereof. Suitable support materials for incorporation in some adsorbent
sheets as described above may include without limitation, metal mesh or foil, woven
or non-woven scrim or fabrics comprising glass, mineral, carbon or cellulosic fibers,
or in the case of activated carbon adsorbent materials, activated carbon fabric or cloth
may be used as a self-supporting adsorbent sheet material. Additional embodiments
according to the present invention may incorporate first and second adsorbents
formed as adsorbent sheets and structures incorporating formed adsorbent sheets as
disclosed in the Applicant’s previously filed U.S. Patent Application Number
10/041,536, the contents of which are herein incorporated by reference in their

entirety.
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In a further embodiment according to the present invention, an initial gas
stream comprising at least one contaminant component and at least one desired
product component but no diluent component may be substantially separated into a
product gas enriched in the desired product component and an exhaust gas comprising
the at least one contaminant component by deliberately adding a suitable diluent gas
component to the initial gas stream, to produce a feed gas stream suitable for
separation according to the present methods and systems. In such a way, the desirably
enhanced separation performance (including enhanced recovery of desired product in
the case of PSA processes) of the inventive methods and systems may be applied to
initial gas streams not originally including a diluent component. Further, in
applications .where the desired product gas stream comprises both a principal desired
product component, and some quantity of the diluent gas component, the present
invention provides a solution to adsorptively remove substantially all of the
deleterious contaminant component from the product gas stream, and control the
quantity of the diluent component in the product gas stream relative to the desired
product gas component by way of controlling the degree of adsorption of the diluent
component in the second adsorption zone.

In an exemplary embodiment of the present invention, the feed gas mixture
may comprise natural gas, wherein the contaminant component may comprise carbon
dioxide, the diluent cbmponent may comprise nitrdgen, and the desired product
component may comprise methane. In such an embodiment, a first adsorbent material
in the first adsorbent zone may comprise activated alumina, and a second adsorbent
material may comprise a mixed coordination titanosilicate molecular sieve material
such as ETS-4 such that the methods and systems of the present invention are

effective to produce a product gas enriched in methane, and substantially free of

13
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carbon dioxide, wherein the passage of nitrogen gas previously adsorbed on the
titanosilicate materiaj through the activated alumina material during desorption is
effective to purge at least a portion the adsorbed carbon dioxide from the alumina.
This purging effect of the adsorbed diluent nitrogen reduces the required use of
enriched methane product to purge the adsorption bed, thereby enhancing recovery of
methane in the product gas stream.

In another exemplary embodiment of the present invention, the feed gas
mixture may comprise a reformate from a steam catalytic reformer wherein the
contaminant component may comprise carbon monoxide, the diluent component may
comprise carbon dioxide, and the desired product component may comprise hydrogen.
In such an embodiment, a first adsorbent material in the first adsorbent zone may
comprise a carbon monoxide selective adsorbent such as known metal or metal halide
or oxide enhanced (such as by exchange or impregnation) adsorbent materials, and a
second adso;'bent material may comprise activated carbon such that the methods and
systems of the present invention are effective to produce a product gas enriched in
hydrogen, and substantially free of carbon monoxide, wherein the passage of carbon
dioxide gas previously adsorbed on the activated carbon material through the carbon
monoxide selective adsorbent material during desorption is effective to purge at least
a portion the adsorbed carbon monoxide from the first adsorbent material. This
purging effect of the adsorbed diluent carbon dioxide reduces the required use of
enriched hydrogen product to purge the adsorption bed, thereby enhancing recovery
of hydrogen in the product gas stream. In a related embodiment to the above, the feed
gas stream and dilueﬁt component may additionalfy comprise nitrogen gas. In such
case, the adsorption bed may comprise an additional adsorption zone containing an

additional adsorbent material such as an ion-exchanged zeolite.

14
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In any of the .above embodiments, the feed 'gas stream and the diluent
component may comprise at least one additional diluent gas species, and the
adsorption bed may comprise at least one additional adsorption zone containing at
least one additional adsorbent material. Additionally, the feed gas stream and the
contaminant component may comprise at least one additional contaminant gas
species, and the adsorption bed may comprise at least one additional adsorption zone
and one or more additional adsorbent material. Further, adsorbent materials described
in any of the. exemplary embodiments of the present invention disclosed above may
comprise equilibrium adsorptively selective materials, kinetic adsorptively selective
materials and combinations thereof.

The present-invention has been described above in reference to several
exemplary embodiments. It is understood that further modifications may be made by
a person skiiled in the art without departing from the spirit and scope of the invention

which are to be determined by the following claims.

15
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What is claimed is:

1. A method for substantially separating a contaminant gas component from a
feed gas stream comprising at least the contaminant gas component, a diluent gas
component and a desired product gas component, the method comprising:

providing a first adsorbent material in a first adsorption zone wherein the first
adsorbent material is selectivé for the contaminant component relative to the diluent
component, and a second adsorbent material in a second adsorption zone wherein the
second adsorbent material is selective for the diluent component relative to the desired
product component;

passing the feed gas stream through the first adsorption zone in contact with
the first adsorbent material such that the contaminant component is substantially
adsorbed on the first adsorbent material, and subsequently through the second
adsorption zone in contact with the second adsorbent material such that at least a
portion of the diluent component is adsorbed on the second adsorbent material;

with&raWing from the second adsorption zone a product gas stream enriched in
the desired product component relative to the feed gas stream;

regenerating the first adsorption zone by passing an exhaust gas stream
comprising at least a portion of the adsorbed diluent component from the second
adsorption zone through the first adsorption zone, such that at least a portion of the
contaminant component adsorbed on the first adsorbent material is purged from the

first adsorption zone by the diluent component.

2. The method according to claim 1 wherein regenerating the bed additionally

comprises passing a product purge gas stream comlprising the product gas component

16
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through the first adsorbent zone such that at least a portion of the contaminant
component adsorbed on the first adsorbent material is purged from the first adsorbent

zone by the product purge gas stream.

3. The method according to claim 2 wherein the product purge gas stream is
additionally passed through the second adsorbent zone such that at least a portion of
the diluent component adsorbed on the second adsorbent material is purged from the
second adsorbent zone by the product purge gas stream.

4, The method according to claim 1 wherein the contaminant component
comprises carbon monoxide, the diluent component comprises carbon dioxide, and

the desired product component comprises hydrogen.

5. The method according to claim 4 wherein the diluent component additionally

comprises nitrogen.

6. The method according to claim 1 wherein the contaminant component
comprises carbon dioxide, the diluent component comprises nitrogen, and the desired

product component comprises methane.

7. The method éccording to claim 1 wherein the feed gas stream additionally
comprises a second contaminant gas component, and a third adsorbent material
selective for the second contaminant component relative to the diluent component is
provided in a third adsorption zone, and the feed gas stream is passed through the
third adsorption zone in contact with the third adsorbent material prior to passing

through the second adsorption zone such that the second contaminant component is
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substantially adsorbed on the third adsorbent material, and the exhaust gas stream is
subsequently passed ‘through the third adsorption zone to regenerate the third zone,
such that at least a portion of the second contaminant component adsorbed on the
third adsorbent material is purged from the third adsorption zone by the diluent

component.

8. The method according to claim 4 wherein the feed gas stream is a reformate

stream from a steam catalytic reformer.

9. The method according to claim 5 wherein the feed gas stream is a reformate

stream from a catalytic partial oxidation reformer.

10.  The method according to claim 6 wherein the feed gas stream is an impure

natural gas, landfill gas or biogas stream.

11.  An adsorptive separation system for substantially separating a contaminant gas
component from a feed gas stream comprising at least the contaminant gas
component, a diluent gas component and a desired product gas component, the system
comprising: |

an adsorptiqn bed comprising a first adsorption zone containing a first
adsorbent material selective for the contaminant component relative to the diluent
component, and-a second adsorption zone containing a second adsorbent material
selective for the diluént component lrelative to the desired product component;

a feed gas inlet valve for admitting the feed gas stream into the adsorption bed

such that the feed gas stream passes through the first adsorption zone in contact with
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the first adsorbent material such that the contaminant component is substantially
adsorbed on the first adsorbent material, and subsequently through the second
adsorption zone in contact with the second adsorbent material such that at least a
portion of the diluent component is adsorbed on the second adsorbent material;

a product gas outlet valve for withdrawing a product gas stream enriched in
the desired product component relative to the feed gas stream from the adsorption
bed; and

an exhaust gas outlet valve for withdrawing an exhaust gas stream from the
adsorption béd durin_g regeneration of the adsorption bed, said exhaust gas stream
comprising at least a portion of the adsorbed diluent component from the second
adsorption zone and at least a portion of the adsorbed contaminant component from
the first adsorption zone which has been purged from the first adsorbent material by
the passage of the portion of the diluent component in contact with the first adsorbent

material.

12. The system according to claim 11 wherein the contaminant component
comprises carbon monoxide, the diluent component comprises carbon dioxide, and

the desired product component comprises hydrogeh.

13.  The system according to claim 12 wherein the diluent component additionally

comprises nitrogen.
14.  The system according to claim 11 wherein the contaminant component

comprises carbon dioxide, the diluent component comprises nitrogen, and the desired

product component comprises methane.
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15.  The system according to claim 11 wherein the feed gas stream additionally
comprises a second contaminant gas component, and the adsorption bed additionally
comprises a ;chird adsorption zone containing a third adsorbent material selective for
the second contaminant component relative to the diluent component, and the feed gas
stream passes through the third adsorption zone in contact with the third adsorbent
material prior to passing through the second adsorption zone such that the second
contaminant component is substantially adsorbed on the third adsorbent material, and
the exhaust gas stream additionally comprises at least a portion of the adsorbed
second contaminant component from the third adsorption zone which has been purged
from the third adsorbent material by the passage of the portion of the diluent

component in contact with the third adsorbent material.

16.  The system according to claim 12 wherein the feed gas stream is a reformate

stream from a steam catalytic reformer.

17.  The system aécording to claim 13 wherein the feed gas stream is a reformate

stream from a catalytic partial oxidation reformer.

18.  The system according to claim 14 wherein the feed gas stream is an impure

natural gas, landfill gas or biogas stream.
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