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APPARATUS AND SYSTEM FOR SWING ADSORPTION PROCESSES
RELATED THERETO HAVING A PUURAUITY OF VAUVES

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of U.S. Provisional Patent Application 

62/246,920, filed October 27, 2015 entitled APPARATUS AND SYSTEM FOR SWING 

ADSORPTION PROCESSES RELATED THERETO, the entirety of which is incorporated by 

reference herein.

FIELD

[0002] The present techniques relate to a system and method associated with an enhanced 

swing adsorption process. In particular, the system relates to a swing adsorption process for 

the removing contaminants from a feed stream utilizing adsorbent bed units.

BACKGROUND

[0003] Gas separation is useful in many industries and can typically be accomplished by 

flowing a mixture of gases over an adsorbent material that preferentially adsorbs one or more 

gas components, while not adsorbing one or more other gas components. The non-adsorbed 

components are recovered as a separate product. The separation of gas components by 

adsorption is a conventional approach. Adsorptive separations may be based on the differences 

in equilibrium affinities of the various gas components (e.g., equilibrium separations) or on the 

differences in adsorption kinetics of the gas components (e.g., kinetics separations).

[0004] One particular type of gas separation technology is swing adsorption, such as 

temperature swing adsorption (TSA), pressure swing adsorption (PSA), partial pressure swing 

adsorption (PPSA), rapid cycle pressure swing adsorption (RCPSA), rapid cycle partial 

pressure swing adsorption (RCPPSA), and not limited to but also combinations of the fore 

mentioned processes, such as pressure and temperature swing adsorption. As an example, PSA 

processes rely on the phenomenon of gas components being more readily adsorbed within the 

pore structure or free volume of an adsorbent material when the gas component is under 

pressure. That is, the higher the gas pressure, the greater the amount of readily-adsorbed gas 

component adsorbed. When the pressure is reduced, the adsorbed gas component is released, 

or desorbed from the adsorbent material.

[0005] The swing adsorption processes (e.g., PSA and TSA) may be used to separate gas 

components of a gas mixture because different gas components tend to fill the micropore of the 
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adsorbent material to different extents. For example, if a gas mixture, such as natural gas, is 

passed under pressure through an adsorbent bed unit, which may be referred to as an adsorption 

bed unit, containing an adsorbent material that is more selective towards carbon dioxide than 

it is for methane, at least a portion of the carbon dioxide is selectively adsorbed by the adsorbent 

material, and the gas exiting the adsorbent bed unit is enriched in methane. When the adsorbent 

material reaches the end of its capacity to adsorb carbon dioxide, it is regenerated by reducing 

the pressure, thereby releasing the adsorbed carbon dioxide. The adsorbent material is then 

typically purged and repressurized. Then, the adsorbent material is ready for another 

adsorption cycle.

[0006] The swing adsorption processes typically involve adsorbent bed units, which 

include an adsorbent bed having adsorbent material disposed within the housing of the 

adsorbent bed unit. These adsorbent bed units utilize different packing material in the bed 

structures. For example, the adsorbent bed units may utilize checker brick, pebble beds or 

other available packing. As an enhancement, some adsorbent bed units may utilize engineered 

packing within the adsorbent bed structure. The engineered packing may include a material 

provided in a specific configuration, such as a honeycomb, ceramic forms or the like.

[0007] Further, various adsorbent bed units may be coupled together with conduits and 

valves to manage the flow of fluids. Orchestrating these adsorbent bed units involves 

coordinating the cycles for each of the adsorbent bed unit with other adsorbent bed units in the 

system. A complete cycle can vary from seconds to minutes as it transfers a plurality of gaseous 

streams through one or more of the adsorbent bed units.

[0008] However, swing adsorption processes present certain challenges because of several 

demanding technical factors, such as rapid cycle adsorption processes. The factors include 

maintaining a low pressure drop through the adsorbent bed, providing good flow distribution 

within the adsorbent bed and minimizing dispersion (e.g., axial spreading) of the concentration 

front in the adsorbent bed. Also, another factor may include rapid cycling time that requires 

fast acting and low dead-volume valves. Finally, yet another factor may include that an 

adsorbent bed unit should be configured to contain the adsorbent bed at various pressures, to 

support the fast acting valves, and to minimize the dead volume within the adsorbent bed unit.

[0009] These challenges are even more complicated for processes with very high 

volumetric flows. A conventional rapid cycle adsorbent bed unit is configured as a vertical 

cylinder with flat endplates (heads) for minimizing dead volume. Flow enters and exits the 

adsorbent bed unit through fast-acting valves mounted on the flat heads adjacent to the 
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adsorbent material. The requirements for flat heads and high design pressures introduce 

practical limitations to the adsorbent bed diameter. For example, for a maximum working 

pressure of 85 bar absolute (bara), the practical maximum adsorbent bed unit inside diameter 

is approximately 1.4 meters (m), and the corresponding flat head thickness is approximately 

355 millimeters (mm) to 380 mm. The fatigue life and cyclic deflection of the head is strongly 

influenced by the number and sizes of bores through the head for the valves. As such, the 

number and size of the bores through the head is a limiting factor in the design of an adsorbent 

bed unit.

[0010] Accordingly, there remains a need in the industry for apparatus, methods, and 

systems that provided enhancements to manage the flow of fluids to the adsorbent beds. The 

present techniques overcome the drawbacks of conventional adsorption approaches by using 

oversized heads to provide flow paths for the gas volumes. This present techniques provide a 

lower capital investment, much smaller equipment foot-print, and lower hydrocarbon losses, 

compared to conventional gas conditioning processes.

SUMMARY OF THE INVENTION

[0011] In one embodiment, the present techniques describe a cyclical swing adsorbent bed 

unit for removing contaminants from a gaseous feed stream. The adsorbent bed unit 

comprising: a housing forming an interior region; an adsorbent bed disposed within the interior 

region of the housing; a plurality of valves secured to the housing, wherein each of the plurality 

of valves is in flow communication with a conduit and configured to control fluid flow along 

a flow path extending from a location external to the housing through the conduit and to the 

adsorbent bed through the valve, wherein each of the plurality the valves has a cross sectional 

area within an interface cross sectional area of the adsorbent bed and the aspect ratio of the 

interface cross sectional area is greater than 2. Also, the aspect ratio of the interface cross 

sectional area may be in the range between 3 and 12 or 3 and 7.

[0012] In yet another embodiment, a process for removing contaminants from a feed 

stream. The process comprising: a) performing one or more adsorption steps in an adsorbent 

bed unit, wherein each of the one or more adsorption steps comprise: (i) opening a plurality of 

feed poppet valves to pass a gaseous feed stream from a feed inlet conduit to an adsorbent bed 

disposed in an interior region of a housing of the adsorbent bed unit, wherein each of the 

plurality of feed poppet valves is in direct flow communication with the feed inlet conduit and 

configured to control fluid flow along a flow path extending from a location external to the 

housing through the feed inlet conduit and to the adsorbent bed, wherein each of the plurality 
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of feed poppet valves valve cross sectional areas are within an interface cross sectional area of 

the adsorbent bed and the aspect ratio of the interface cross sectional area is greater than 2, (ii) 

exposing the gaseous feed stream to the adsorbent bed to separate one or more contaminants 

from the gaseous feed stream to form a product stream, and (iii) opening one or more product 

poppet valves to conduct away the product stream from the interior region in the housing to a 

product conduit; b) performing one or more purge steps, wherein each of the one or more purge 

steps comprise passing a purge stream into the adsorbent bed unit to conduct away at least a 

portion of the one or more contaminants in a purge output stream; and c) repeating the steps a) 

to b) for at least one additional cycle, wherein the cycle duration is for a period greater than 1 

second and less than 600 seconds.

[0013] In still yet another embodiment, a method of manufacturing a cyclical swing 

adsorbent bed unit. The method comprising: forming a housing having an interior region; 

creating a plurality of valve ports into the housing; securing a valve to the housing in each of 

the plurality of valve ports to form a plurality of valves; and disposing an adsorbent bed within 

the interior region of the housing wherein each of the plurality of valves is configured to control 

fluid flow along a flow path extending from a location external to the housing to the adsorbent 

bed, wherein each of the plurality the valves has a valve cross sectional area within an interface 

cross sectional area of the adsorbent bed and the aspect ratio of the interface cross sectional 

area is greater than 2. The method may further include disposing a sealing element around the 

adsorbent bed prior to disposing an adsorbent bed within the interior region of the housing and 

mechanically activating, such as inflating, the sealing element after the adsorbent bed is 

disposed within the interior region of the housing to form a pressure boundary between the 

housing and the adsorbent bed.

BRIEF DESCRIPTION OF THE FIGURES

[0014] The foregoing and other advantages of the present disclosure may become apparent 

upon reviewing the following detailed description and drawings of non-limiting examples of 

embodiments.

[0015] Figure 1 is a three-dimensional diagram of a swing adsorption system with six 

conventional adsorbent bed units and interconnecting piping.

[0016] Figure 2 is a schematic diagram of a partial view of a conventional adsorbent bed 

unit.

4



WO 2017/074656 PCT/US2016/055305

[0017] Figure 3 is a diagram of a portion of an adsorbent bed unit having associated valve 

assemblies and manifolds in accordance with an embodiment of the present techniques.

[0018] Figure 4 is an exemplary diagram of an alternative adsorbent bed unit utilizing a 

rectangular prism adsorbent bed unit configuration in accordance with an embodiment of the 

present techniques.

[0019] Figure 5 is an exemplary diagram of a cross-sectional view of the rectangular prism 

adsorbent bed unit configuration in accordance with an embodiment of the present techniques.

[0020] Figure 6 is an exemplary diagram of another alternative view of the rectangular 

prism adsorbent bed unit configuration in accordance with an embodiment of the present 

techniques.

DETAILED DESCRIPTION OF THE INVENTION

[0021] Unless otherwise explained, all technical and scientific terms used herein have the 

same meaning as commonly understood by one of ordinary skill in the art to which this 

disclosure pertains. The singular terms "a," "an," and "the" include plural referents unless the 

context clearly indicates otherwise. Similarly, the word "or" is intended to include "and" unless 

the context clearly indicates otherwise. The term "includes" means "comprises." All patents 

and publications mentioned herein are incorporated by reference in their entirety, unless 

otherwise indicated. In case of conflict as to the meaning of a term or phrase, the present 

specification, including explanations of terms, control. Directional terms, such as "upper," 

"lower," "top," "bottom," "front," "back," "vertical," and "horizontal," are used herein to 

express and clarify the relationship between various elements. It should be understood that 

such terms do not denote absolute orientation (e.g., a "vertical" component can become 

horizontal by rotating the device). The materials, methods, and examples recited herein are 

illustrative only and not intended to be limiting.

[0022] As used herein, “stream” refers to fluid (e.g., solids, liquid and/or gas) being 

conducted through various equipment. The equipment may include conduits, vessels, 

manifolds, units or other suitable devices.

[0023] As used herein, “aspect ratio” refers to a ratio of the length of an adsorbent bed 

divided by the width of the adsorbent bed as defined by interface cross sectional area of the 

adsorbent bed. For determining the aspect ratio, the length is the larger number as compared 

to the width, if the length and width are not the same value. For example, a circular prism 

shaped adsorbent bed unit has an aspect ratio of 1, where the length and the width are the
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diameter of the interface cross sectional area of the adsorbent bed (e.g., a circular cross

sectional area), while a rectangular prism shaped adsorbent bed unit may have an aspect ratio

of 2, where the length is 2 times the width for the interface cross sectional area of the adsorbent

bed (e.g., a rectangular cross sectional area).

[0024] As used herein, “conduit” refers to a tubular member forming a channel through 

which something is conveyed. The conduit may include one or more of a pipe, a manifold, a 

tube or the like.

[0025] The term "in direct flow communication" or “in direct fluid communication” means 

in direct flow communication without intervening valves or other closure means for obstructing 

flow. However, the term “in direct flow communication” may include distributors or other 

distribution mechanisms to distribute the flow along the flow path. As may be appreciated, 

other variations may also be envisioned within the scope of the present techniques.

[0026] The term "interface cross sectional area" means the cross sectional area of an end 

of the adsorbent bed where the stream enters or exits the adsorbent bed. For example, if a feed 

stream enters an adsorbent bed at a first end, the cross sectional area of the first end is the 

interface cross sectional area. As may be appreciated, other variations may also be envisioned 

within the scope of the present techniques.

[0027] The term "valve cross sectional area" means the cross sectional area of a valve 

relative to an end of the valve where the stream enters or exits the valve. For example, the 

valve opening may be the valve cross sectional area. In particular, for a poppet valve, a disk 

element moves to provide a flow passage around the disk element when it is in the open 

position. Accordingly, the valve opening formed by the disk element’s movement away from 

the valve seat is utilized to determine the valve cross sectional area for the poppet valve, which 

may be the cross sectional area of the disk element. As may be appreciated, other variations 

may also be envisioned within the scope of the present techniques.

[0028] The term “valve cross sectional area within an interface cross sectional area” means 

that the valve cross sectional area is inside the interface cross sectional area when viewed along 

an axis passing directly through the adsorbent bed along the predominate flow path. For 

example, the adsorbent bed has an interface at one end where flow enters or exits the adsorbent 

bed. The interface has a length and a width, while the depth is direction of flow of the stream 

along the predominate flow path through the adsorbent bed.

[0029] As used herein, volume percent is based on standard conditions. The standard
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conditions are normalized to the temperature of 0 °C (e.g., 32 °F) and absolute pressure of 100 

kiloPascals (kPa) (1 bar).

[0030] The present techniques may be used to lessen contaminants of the stream to a 

specific level. As noted above, the conventional approaches have valves directly above the 

adsorbent bed and within the interface cross sectional area. However, if the valves necessary 

to control the flow of streams to the adsorbent beds are larger than the footprint available above 

the adsorbent bed (e.g., exceeds space available over the interface cross sectional area), 

alternate configurations are necessary. The present techniques include various embodiments, 

which are shown below to overcome the limitations.

[0031] The present techniques relate to a swing adsorption process (e.g., a rapid cycle 

process) for the removing contaminants from a feed stream (e.g., natural gas) utilizing rapidly 

cycled streams through adsorbent beds. The present techniques balances the interface cross 

sectional area of the adsorbent bed unit being minimized, while maximizing the volumetric 

throughput. The high volumetric throughputs involved tend to involve larger sized valves (e.g., 

valves having a larger valve cross sectional area) and/or a larger number of valves. In many 

conventional configurations, the surface area of the head for the adsorbent bed unit provides 

insufficient space (e.g., not adequate available on the flat head) for the required number of 

valves and associated size of the valves. Accordingly, the present technique provides an 

adsorbent bed unit that balances the number of valves with the interface cross sectional area of 

adsorbent bed in the adsorbent bed unit. Further, the configuration may minimize the number 

of adsorbent bed units utilized for a given application. By way of example, the configuration 

may be changed to increase the lateral length as compared to the width, to adjust the adsorbent 

bed shapes (e.g., rectangular) and/or to change the aspect ratio of the footprint (e.g., surface 

area used for valves) to accommodate the valves.

[0032] In contrast to conventional approaches, the present techniques provide additional 

space for fluid flow into the adsorbent bed by having the adsorbent bed utilized in a different 

configuration that increases the aspect ratio of the interface cross sectional area (e.g., a 

rectangular prism configuration and/or having different shapes for the interface cross sectional 

area). For example, in conventional configurations, the adsorbent bed has an interface cross 

section area that is typically circular, which has the valves in direct flow communication with 

the adsorbent bed disposed adjacent to the adsorbent bed and within the interface cross 

sectional area. In the present techniques, the configuration involves an aspect ratio that 

provides more space for valves to be disposed adjacent to the adsorbent bed and within the 
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interface cross sectional area as compared to conventional circular prism adsorbent bed 

configurations. The present techniques may provide valves disposed along a longer length 

portion of the adsorbent bed, which may involve forming the bed into different shapes than are 

conventionally utilized. In such configurations, the length to width ratio or aspect ratio of the 

interface cross sectional area is greater than 1.1; greater than 2; greater than 3; and/or greater 

than 4, and the length to width ratio or aspect ratio of the interface cross sectional area is less 

than 12, less than 7, or less than 5. For example, the aspect ratio may be in the range between 

2 and 12; in the range between 3 and 12; in the range between 3 and 9; in the range between 3 

and 7; or in the range between 4 and 5.

[0033] In one or more embodiments, the adsorbent bed unit may be a rectangular prism 

configuration of an adsorbent bed unit. In this configuration, the adsorbent bed unit may be 

oriented horizontally and may be formed from a pipe, by forging, by casting, or other suitable 

methods. The adsorbent bed may be installed longitudinally within the adsorbent bed unit, and 

the valves may be installed along the top and bottom of the adsorbent bed unit facilitating flow 

in the longitudinal direction. In this configuration, the valves may be disposed on the opposite 

sides (e.g., top and bottom) of the adsorbent bed unit, and the adsorbent bed may be mounted 

in between the valves. The gap between the housing and the adsorbent beds may be sealed to 

prevent flow bypassing around the adsorbent bed. The gross direction of flow in the adsorbent 

bed unit may be through the adsorbent bed from one set of valves to another set of valves, but 

local flows across the interface surfaces of the adsorbent bed may also occur to facilitate flow 

distribution.

[0034] In other embodiments, the present techniques may include an assembly concept for 

a rectangular prism adsorbent bed unit. In this configuration, the valves may be mounted onto 

welded mounting bosses for thin-walled adsorbent bed units, or onto a machined mounting face 

for thicker-walled adsorbent bed units. Also, in this configuration, the adsorbent bed may be 

installed from one of the non-interface ends of the adsorbent bed units, which provides the 

ability to remove and reinstall the absorbent bed without dismantling the valves or process 

piping, which may be secured via welding. Accordingly, the non-interface ends of the 

adsorbent bed unit may be flanged with flat heads, with elliptical heads and/or hemispherical 

heads, which may serve to lessen the wall thickness. This rectangular prism adsorbent bed unit 

configuration may be suitable for applications involving low dead volume, and in which the 

adsorbent bed flow length is relatively short. The inside diameter of the adsorbent bed unit is 

proportional to the diagonal dimension of the adsorbent bed. As the bed flow length increases,
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the inside diameter of the adsorbent bed unit has to increase. Accordingly, the configuration

may be more beneficial for the adsorbent bed unit’s diameters of approximately one meter or

less, although this may be application specific.

[0035] Beneficially, the present techniques include various enhancements as compared to 

conventional configurations. For example, the configuration may be increased in length in a 

relatively easy manner to accommodate different adsorbent bed volumes and/or more valves, 

as necessary. Furthermore, a modular design may be developed for a unit flow rate and scaled 

to the desired flow rate by duplicating these modules. Another enhancement may include the 

ability to accommodate a large number of valves for varying services on a single adsorbent bed 

unit, which may overcome the limitations imposed by the conventional configurations of 

adsorbent bed unit having an inner diameter. Further, the present techniques may provide 

lighter adsorbent bed units due to ability to use a thinner housing or walls for the adsorbent bed 

unit, while maintaining a low dead volume because the valves are adjacent to the adsorbent bed 

and within the interface cross sectional area. Also, through the access via one of the ends, the 

configuration provides easy access for repair and maintenance of the adsorbent bed internals.

[0036] Also, the present techniques may also include various pressures for the streams, 

such as the feed stream and the purge stream. For example, the pressures within the housing 

may be in the range from 5 pounds per square inch absolute (psia) and 1,400 psia. Further, the 

feed pressure may be based on the preferred adsorption feed pressure, which may be in the 

range from 400 psia to 1,400 psia, in the range from 600 psia to 1,200 psia. Also, the purge 

pressure may be based on the preferred adsorbent purge pressure, which may be in the range 

from 50 psia to 800 psia, in the range from 400 psia to 600 psia.

[0037] The present techniques may be integrated into various configurations. For example, 

the adsorbent bed unit may include structured or unstructured, and the adsorbent bed unit may 

also include additional features to facilitate flow straightening and flow distribution. Also, the 

present techniques may be utilized, but not limited to, dehydration prior to and integrated with 

a cryogenic Natural Gas Liquid (NGL) recovery, which may involve removing contaminants 

to cryogenic processing feed gas specifications. Other integrations may include liquefied 

natural gas (LNG) plant, or other such plants. Regardless, the present techniques may be used 

to treat feed streams containing excessive amounts of contaminants, such as water and CO2. 

The present techniques may also be used to remove contaminants to other specifications, such 

as cryogenic natural gas liquefaction specifications for a cryogenic natural gas liquefaction 

recovery plant.
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[0038] In one or more embodiments, the present techniques can be used for any type of 

swing adsorption process. Non-limiting swing adsorption processes for which the present 

techniques may include pressure swing adsorption (PSA), vacuum pressure swing adsorption 

(VPSA), temperature swing adsorption (TSA), partial pressure swing adsorption (PPSA), rapid 

cycle pressure swing adsorption (RCPSA), rapid cycle thermal swing adsorption (RCTSA), 

rapid cycle partial pressure swing adsorption (RCPPSA), as well as combinations of these 

processes, such as pressure/temperature swing adsorption. Exemplary kinetic swing adsorption 

processes are described in U.S. Patent Application Publication Nos. 2008/0282892, 

2008/0282887, 2008/0282886, 2008/0282885, 2008/0282884 and 2014/0013955, which are 

each herein incorporated by reference in their entirety.

[0039] In certain embodiments, the adsorbent bed unit may include a housing, which may 

include a head portion and other body portions, that forms a substantially gas impermeable 

partition, an adsorbent bed disposed within the housing and a plurality of valves (e.g., poppet 

valves) providing fluid flow passages through openings in the housing between the interior 

region of the housing and locations external to the interior region of the housing. Each of the 

poppet valves may include a disk element that is seatable within the head or a disk element that 

is seatable within a separate valve seat inserted within the head or housing. The configuration 

of the poppet valves may be any variety of valve patterns or configuration of types of poppet 

valves. As an example, the adsorbent bed unit may include one or more poppet valves, each 

in flow communication with a different conduit associated with different streams. The poppet 

valves may provide fluid communication between the adsorbent bed and one of the respective 

conduits, manifolds or headers. Also, the valves may be actively-controlled valves and/or 

passively-controlled valves. A passively-controlled valve may be opened by the differential 

pressure acting across its moving element (e.g., disk element) without the need to otherwise 

actuate the moving element.

[0040] Adsorptive separation processes, apparatus, and systems, as described above, are 

useful for development and production of hydrocarbons, such as gas and oil processing. 

Particularly, the provided processes, apparatus, and systems are useful for the rapid, large scale, 

efficient separation of a variety of target gases from gas mixtures. In particular, the processes, 

apparatus, and systems may be used to prepare feed products (e.g., natural gas products) by 

removing contaminants and heavy hydrocarbons (e.g., hydrocarbons having at least two carbon 

atoms). The provided processes, apparatus, and systems are useful for preparing gaseous feed 

streams for use in utilities, including separation applications. The separation applications may 
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include dew point control; sweetening and/or detoxification; corrosion protection and/or 

control; dehydration; heating value; conditioning; and/or purification. Examples of utilities 

that utilize one or more separation applications include generation of fuel gas; seal gas; non- 

potable water; blanket gas; instrument and control gas; refrigerant; inert gas; and/or 

hydrocarbon recovery. The present techniques may be further understood with reference to the 

Figures 1 to 6 below.

[0041] Figure 1 is a three-dimensional diagram of a swing adsorption system 100 having 

six conventional adsorbent bed units and interconnecting piping. While this configuration is a 

specific example of a conventional skid, this specific configuration is for exemplary purposes 

as other configurations may include different numbers of adsorbent bed units.

[0042] In this system, the adsorbent bed units, such as adsorbent bed unit 102, may be 

configured for a cyclical swing adsorption process for removing contaminants from feed 

streams (e.g., fluids, gaseous or liquids). For example, the adsorbent bed unit 102 may include 

various conduits (e.g., conduit 104) for managing the flow of fluids through, to or from the 

adsorbent bed within the adsorbent bed unit 102. These conduits from the adsorbent bed units 

102 may be coupled to a manifold (e.g., manifold 106) to distribute the flow of the stream to, 

from or between components. The adsorbent bed within an adsorbent bed unit may separate 

one or more contaminants from the feed stream to form a product stream. As may be 

appreciated, the adsorbent bed units may include other conduits to control other fluid steams 

as part of the process, such as purge streams, depressurizations streams, and the like. Further, 

the adsorbent bed unit may also include one or more equalization vessels, such as equalization 

vessel 108, which are dedicated to the adsorbent bed unit and may be dedicated to one or more 

step in the swing adsorption process.

[0043] As an example, Figure 2 illustrates a schematic diagram of a partial view of a 

conventional adsorbent bed unit 200. The adsorbent bed unit 200 includes a flat head 202 with 

valve bores or valve openings 204. The flat head 202 is connected to a flanged cylindrical 

housing 206 via bolts 208, which is truncated in this partial view. In this diagram, the valves 

(not shown) are disposed in the valve openings 204. These valve openings are within the 

interface cross sectional area of the adsorbent bed, which is a circular area based on the 

diameter 210 and dashed line 212 and has an aspect ratio of 1.

[0044] As noted in this diagram, the valves, which disposed in the valve openings 204, are 

disposed directly above the adsorbent bed, which are within the interface cross sectional area. 

However, if the valves necessary to control the flow to the adsorbent bed is larger than the 
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footprint available above the adsorbent bed, the configuration does not support the flow of the 

fluids.

[0045] The present techniques involve different configurations to provide more space or 

footprint to support more valves as compared to conventional configurations. For example, the 

present techniques may include disposing valves on the portion of the adsorbent bed unit within 

the interface cross sectional area for adsorbent bed unit that have an aspect ratio greater than 

1.1; greater than 2; greater than 3; and/or greater than 4, and the length to width ratio or aspect 

ratio of the interface cross sectional area is less than 12, less than 7, or less than 5. For example, 

the aspect ratio may be in the range between 2 and 12; in the range between 3 and 12; in the 

range between 3 and 9; in the range between 3 and 7; or in the range between 4 and 5. Further, 

present techniques may include forming the adsorbent bed in different forms, such as a 

rectangular prism or other suitable prism forms. Beneficially, the present techniques adjust the 

aspect ratio of the adsorbent bed, such that the footprint is configured to accommodate larger 

valves and/or a larger number of valves, as compared to conventional circular prism 

configurations.

[0046] In certain embodiments, the adsorbent bed unit may include a housing, which may 

include a head portion and other body portions, that forms a substantially gas impermeable 

partition, an adsorbent bed disposed within the housing and a plurality of valves (e.g., poppet 

valves) providing fluid flow passages through openings in the housing between the interior 

region of the housing and locations external to the interior region of the housing. Each of the 

poppet valves may include a disk element that is seatable within the housing or a disk element 

that is seatable within a separate valve seat inserted within the housing (not shown). The 

configuration of the poppet valves may be any variety of valve patterns or configuration of 

types of poppet valves. As an example, the adsorbent bed unit may include one or more poppet 

valves, each in flow communication with a different conduit associated with different streams. 

The poppet valves may provide fluid communication between the adsorbent bed and one of the 

respective conduits, manifolds or headers.

[0047] The adsorbent bed comprises a solid adsorbent material capable of adsorbing one 

or more components from the feed stream. Such solid adsorbent materials are selected to be 

durable against the physical and chemical conditions within the adsorbent bed unit and can 

include metallic, ceramic, or other materials, depending on the adsorption process. Further 

examples of adsorbent materials are noted further below.

[0048] By way of example, Figure 3 is a diagram 300 of a portion of an adsorbent bed unit 
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having valve assemblies and manifolds in accordance with an embodiment of the present 

techniques. The portion of the adsorbent bed unit, which may be used in a configuration similar 

to the adsorbent bed units of Figure 1, includes a housing or body, which may include a wall 

314 and insulation layer 316 along with an upper head 318 and a lower head 320. An adsorbent 

bed 310 is disposed between an upper head 318 and a lower head 320 and the insulation layer 

316, resulting in an upper open zone, and lower open zone, which open zones are comprised 

substantially of open flow path volume. Such open flow path volume in adsorbent bed unit 

contains gas that has to be managed for the various steps. The housing may be configured to 

maintain a pressure between 0 bara (bar absolute) or 0.1 bara and 100 bara within the interior 

region.

[0049] The upper head 318 and lower head 320 contain openings in which valve structures 

can be inserted, such as valve assemblies 322 to 340, respectively (e.g., poppet valves). The 

upper or lower open flow path volume between the respective head 318 or 320 and adsorbent 

bed 310 can also contain flow distributors (not shown) which directly introduce fluids into the 

adsorbent bed 310 in a substantially uniform manner. The flow distributor may include a 

perforated plate, circular plate or other device that distributes the flow over the adsorbent bed. 

The upper head 318 contains various openings (not show) to provide flow passages through 

the inlet manifolds 342 and 344 and the outlet manifolds 348, 350 and 352, while the lower 

head 320 contains various openings (not shown) to provide flow passages through the inlet 

manifold 354 and the outlet manifolds 356, 358 and 360. Disposed in fluid communication 

with the respective manifolds 342 to 360 are the valve assemblies 322 to 340. If the valve 

assemblies 322 to 340 are poppet valves, each may include a disk element connected to a stem 

element which can be positioned within a bushing or valve guide. The stem element may be 

connected to an actuating means, such as actuating means (not shown), which is configured to 

have the respective valve impart linear motion to the respective stem. As may be appreciated, 

the actuating mechanisms may be operated independently for different steps in the process to 

activate a single valve or a single actuating means may be utilized to control two or more 

valves. Further, while the openings may be substantially similar in size, the openings and inlet 

valves for inlet manifolds may have a smaller diameter than those for outlet manifolds, given 

that the gas volumes passing through the inlets may tend to be lower than product volumes 

passing through the outlets.

[0050] In this configuration, the adsorbent bed may be a rectangular prism having an 

adsorbent bed depth 370 and an adsorbent bed length 372 and an adsorbent bed width (not
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shown). The adsorbent bed depth 370 is distance through the adsorbent bed 310 between the 

interfaces with the adsorbent bed 310 (e.g., respective ends of the adsorbent bed 310 that the 

fluid enters and exits). The adsorbent bed length 372 is the distance from one end of the 

adsorbent bed to the other end of the adsorbent bed along non-interface ends of the adsorbent 

bed (e.g., respective ends of the adsorbent bed unit that are not along a flow path through the 

adsorbent bed or perpendicular to the flow path through the interfaces of the adsorbent bed). 

The adsorbent bed width is the distance from one end of the adsorbent bed to the other end of 

the adsorbent bed along the other non-interface ends of the adsorbent bed, which are different 

ends from the length ends (e.g., respective ends of the adsorbent bed unit that are perpendicular 

to the ends of the adsorbent bed used to measure the length). The adsorbent bed length and 

adsorbent bed width are the interface cross sectional area for the adsorbent bed in this 

configuration. Further, the valve assemblies 322 to 340 are disposed along a portion of the 

adsorbent bed 310 that extends along the adsorbent bed length 372 and the valve cross sectional 

areas are within the interface cross sectional area, which is defined by the adsorbent bed 310.

[0051] To provide additional spacing for valve assemblies 322 to 340, the adsorbent bed 

length 372 may be extended to be greater than the adsorbent bed width. For example, the ratio 

of the adsorbent bed length 372 to adsorbent bed width may be greater than 1.1; greater than 

2; greater than 3; and/or greater than 4, and the length to width ratio or aspect ratio of the 

interface cross sectional area is less than 12, less than 7, or less than 5. For example, the aspect 

ratio may be in the range between 2 and 12; in the range between 3 and 12; in the range between 

3 and 9; in the range between 3 and 7; or in the range between 4 and 5.

[0052] In swing adsorption processes, the cycle involves two or more steps that each has a 

certain time interval, which are summed together to be the cycle time. These steps include 

regeneration of the adsorbent bed following the adsorption step using a variety of methods 

including pressure swing, vacuum swing, temperature swing, purging (via any suitable type of 

purge fluid for the process), and combinations thereof. As an example, a swing adsorption 

cycle may include the steps of adsorption, depressurization, purging, and re-pressurization. 

When performing the separation at high pressure, depressurization and re-pressurization 

(which may be referred to as equalization steps) are performed in multiple steps to reduce the 

pressure change for each step and enhance efficiency. In some swing adsorption processes, 

such as rapid cycle swing adsorption processes, a substantial portion of the total cycle time is 

involved in the regeneration of the adsorbent bed. Accordingly, any reductions in the amount 

of time for regeneration results in a reduction of the total cycle time. This reduction may also
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19 reduce the overall size of the swing adsorption system.

[0053] Moreover, in other embodiments, the valve assemblies may be installed in a body portion of 

the housing, while the heads may not include any valve assemblies. For example, the wall 314 and 

heads 318 and 320 may be reversed. In this configuration, the wall 314 may be configured as a head 

that is attached to a body portion, while the heads 318 and 320 may be a body portion of the housing. 

In this configuration, the adsorbent bed 310 may be removed along with the insulation layer 316 via 

one or more of the heads on the side of the adsorbent bed unit to lessen disruption of the respective 

manifolds 342 to 360 are the valve assemblies 322 to 340.

[0054] In yet another embodiment, another configuration may include adjustments that lessen 

changes to the dead volume. For example, Figure 4 is an exemplary diagram 400 of a modified 

vertical cylindrical adsorbent bed unit in accordance with an embodiment of the present techniques. 

In this diagram 400, the primary valves, such as primary valves 404, on the housing 402 of the 

adsorbent bed unit are disposed within the perimeter or interface cross sectional area of the adsorbent 

bed 408, while the secondary valves, such as secondary valve 406, are disposed within the interface 

perimeter or interface cross sectional area of the opposite end of the adsorbent bed 408. In particular, 

the respective valve cross sectional area for the primary valves 404 and the secondary valve 406 are 

disposed within the interface cross sectional area for the respective ends of the adsorbent bed 408. 

The adsorbent bed has an adsorbent bed length 412, adsorbent bed width 410 and an adsorbent bed 

depth 411. In this configuration, the aspect ratio is the adsorbent bed length 412 divided by the 

adsorbent bed width 410 for the adsorbent bed 408.

[0055] In this configuration, the adsorbent bed unit is oriented horizontally and may be made of pipe, 

a forging, casting, or other methods. Also, this configuration provides flexibility in the valve 

location, such that more valves may be used than can be located directly on the head, but still 

maintain the valves adjacent to the adsorbent bed and within the interface perimeter or interface cross 

sectional area of the adsorbent bed. The adsorbent bed is installed longitudinally within the 

adsorbent bed unit, and the valves are installed along the top and bottom of the adsorbent bed unit 

facilitating flow in the longitudinal direction. Beneficially, this configuration provides the ability to 

locate a higher number of valves or larger valves than possible in the available space on conventional 

circular prisms having a flat head and a circular interface cross sectional area.

[0056] Figure 5 is an exemplary diagram 500 of a cross sectional view of the adsorbent bed 
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unit configuration of Figure 4 in accordance with an embodiment of the present techniques. 

This diagram 500 is an end view of an adsorbent bed unit, which may be one embodiment of 

the configuration of Figure 4. In the diagram, the adsorbent bed 508 has an adsorbent bed 

depth 510, an adsorbent bed width 512, and an adsorbent bed length (not shown). The valves 

506 and 514 are mounded to the top and bottom of the adsorbent bed unit via bolts coupled to 

a head 502 and 518, which are separated by distances 504 and 516. The adsorbent bed 508 is 

mounted in between the valves 506 and 514 and within the housing 503. The interface between 

the housing 503 and the adsorbent bed 508 are sealed (not illustrated) to prevent flow bypassing 

around the adsorbent bed 508. The direction of flow in the adsorbent bed unit is through the 

adsorbent bed 508 from one set of valves, such as valve 506, to the other set of valves, such as 

valve 514. Also, local flows across the top and bottom interfaces of the adsorbent bed 508 may 

also facilitate flow distribution (e.g., the respective ends of the adsorbent bed 508 near the 

valves 506 and 514).

[0057] Further, the aspect ratio of the valve cross sectional area may be about equal to one 

of the dimensions of the interface cross sectional area (e.g., the adsorbent bed length or 

adsorbent bed’s width). In this configuration, the poppet valves, which each have a valve cross 

sectional area may be formed in a row along the length of the adsorbent bed unit, which may 

have a rectangular interface cross sectional area. The excess area of the poppet valves (e.g., 

occupied by the poppet valve housing) is outside the interface cross sectional area of the 

adsorbent bed. As a result, the available surface area or footprint is utilized in a more efficient 

manner, as compared to an adsorbent bed having a circular interface cross sectional area.

[0058] Figure 6 is an exemplary diagram 600 of another alternative view of the rectangular 

prism adsorbent bed unit configuration in accordance with an embodiment of the present 

techniques. In this diagram 600, the body portion 604 is formed from a tubular member, which 

has various valve openings 606 formed within the body portion. In one of the valve openings, 

a valve assembly 608 is inserted to provide a flow path from a location external to the body 

portion 604 to the adsorbent bed 610, which is disposed within the body portion 604. The 

adsorbent bed 610 is inserted into the body 604 in a direction, as shown by arrow 612, and may 

include sealing elements 614 to hinder flow from bypassing or flowing around the adsorbent 

bed 610. In this configuration, the non-interface end of the adsorbent bed 610 is adjacent to a 

head (not shown) to provide access without having to disrupt the valves and associated 

conduits. The access for maintenance of the adsorbent bed may be provided through a flanged 

end.
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[0059] As may be appreciated, the rectangular prism adsorbent bed unit may be fabricated 

through various methods in different configurations. For example, the valves may be mounted 

onto welded mounting bosses for thin-walled adsorbent bed units, or onto a machined mounting 

face for thicker-walled adsorbent bed units. The adsorbent bed may be installed from one end 

of the adsorbent bed unit, while the other end of the adsorbent bed unit may be a solid body 

portion, a secured head or may include one or more valves for additional flow paths. Further, 

the sealing elements may be a gasket and/or bonding agent. As a further enhancement, the 

sealing elements may be a pneumatic or inflatable bellows style gaskets, which provides a 

retractable sealing element without the dissembling the pressure boundary. Accordingly, the 

sealing element may be mechanically activated (e.g., inflated) after the adsorbent bed is 

disposed within the interior region of the housing to form a pressure boundary between the 

housing and the adsorbent bed or may be mechanically activated after the absorbent bed is 

disposed within the interior region of the housing to form a pressure boundary between the 

housing and the absorbent bed.

[0060] Beneficially, the configuration provides enhancements as compared to the 

conventional systems. For example, the adsorbent bed may be removed and reinstalled without 

dismantling the valves or process piping. Further, the ends of the adsorbent bed unit may be 

flanged with flat heads or with elliptical or hemispherical heads, which serve to reduce the wall 

thickness, which lessens cost and weight of the adsorbent bed unit. Further, one end of the 

adsorbent bed unit may be a welded closure and/or portion of the body portion to further lessen 

failure points. Also, this configuration is useful for applications involving low dead volume, 

and in which the adsorbent bed depth is relatively short (e.g., less than or equal to one meter). 

Moreover, the adsorbent bed length may be increased to accommodate a larger adsorbent bed 

volume and/or increased number of valves, as necessary, which may be developed for a unit 

flow rate and scaled to the desired flow rate by duplicating the configuration.

[0061] In one or more embodiments, the material may include an adsorbent material 

supported on a non-adsorbent support. Non-limiting examples of adsorbent materials may 

include alumina, microporous zeolites, carbons, cationic zeolites, high silica zeolites, highly 

siliceous ordered mesoporous materials, sol gel materials, aluminum phosphorous and oxygen 

(ALPO) materials (microporous and mesoporous materials containing predominantly 

aluminum phosphorous and oxygen), silicon aluminum phosphorous and oxygen (SAPO) 

materials (microporous and mesoporous materials containing predominantly silicon aluminum 

phosphorous and oxygen), metal organic framework (MOF) materials (microporous and
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mesoporous materials comprised of a metal organic framework) and zeolitic imidazolate 

frameworks (ZIF) materials (microporous and mesoporous materials comprised of zeolitic 

imidazolate frameworks). Other materials include microporous and mesoporous sorbents 

functionalized with functional groups. Examples of functional groups, which may be used for 

CO2 removal, may include primary, secondary, tertiary and other non protogenic basic groups 

such as amidines, guanidines and biguanides.

[0062] To manufacture systems and/or adsorbent bed units, various manufacturing 

techniques may be utilized. By way of example, the method of manufacturing a cyclical swing 

adsorbent bed unit may include: forming a housing having an interior region; creating a 

plurality of valve ports into the housing; securing a valve to the housing in each of the plurality 

of valve ports to form a plurality of valves; and disposing an adsorbent bed within the interior 

region of the housing wherein each of the plurality of valves is configured to control fluid flow 

along a flow path extending from a location external to the housing to the adsorbent bed, 

wherein each of the plurality the valve cross sectional areas are within an interface cross 

sectional area of the adsorbent bed and the aspect ratio of the interface cross sectional area is 

greater than 2. The method may also include that creating the plurality of valve ports into the 

housing comprises: forming a head, creating the plurality of valve ports into the head, and 

securing the head to a body portion to form the housing; or forming a head, forming a body 

portion, creating the plurality of valve ports into the body portion, securing the plurality of 

valve ports into the body portion, and securing the head to the body portion to form the housing. 

Moreover, the method may further comprise securing a common actuation mechanism to the 

plurality of valves, wherein the common actuation mechanism is configured to open or to close 

the plurality of valves, disposing a sealing element around the adsorbent bed prior to disposing 

an adsorbent bed within the interior region of the housing; and/or comprising mechanically 

activating or inflating the sealing element after the adsorbent bed is disposed within the interior 

region of the housing to form a pressure boundary between the housing and the adsorbent bed.

[0063] In one or more embodiments, the adsorbent bed unit may be utilized to separate 

contaminants from a feed stream. The method may include passing a gaseous feed stream at a 

feed pressure through an adsorbent bed unit having an adsorbent contactor to separate one or 

more contaminants from the gaseous feed stream to form a product stream, wherein the 

adsorbent contactor has a first portion and a second portion; interrupting the flow of the gaseous 

feed stream; performing a depressurization step, wherein the depressurization step reduces the 

pressure within the adsorbent bed unit; performing a purge step, wherein the purge step reduces
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the pressure within the adsorbent bed unit and wherein the purge step involves passing a purge

stream to a mid-purge distribution zone between first portion and the second portion;

performing a re-pressurization step, wherein the re-pressurization step increases the pressure

within the adsorbent bed unit; and repeating the steps a) to e) for at least one additional cycle.

[0064] Further, in one or more embodiments, the adsorbent bed unit may include an 

adsorbent bed that can be used for the separation of a target gas form a gaseous mixture. The 

adsorbent is usually comprised of an adsorbent material supported on a non-adsorbent support, 

or contactor. Such contactors contain substantially parallel flow channels wherein 20 volume 

percent, preferably 15 volume percent or less of the open pore volume of the contactor, 

excluding the flow channels, is in pores greater than about 20 angstroms. A flow channel is 

taken to be that portion of the contactor in which gas flows, if a steady state pressure difference 

is applied between the point or place at which a feed stream enters the contactor and the point 

or place at which a product stream leaves the contactor. In the contactor, the adsorbent is 

incorporated into the wall of the flow channel.

[0065] Further, the adsorbent bed units may include actively-controlled poppet valves 

and/or passively-controlled valves. The actively-controlled poppet valves, which may be 

referred to as actively-controlled poppet valve assemblies, may each include stem element 

secured to a disk element that is seatable within the head or a disk element that is seatable 

within a separate valve seat inserted within the head. The stem element may be connected to 

an actuating mechanism, such as electro-hydraulic or electro-pneumatic actuating mechanisms, 

which is configured to have the respective valve impart linear motion to the respective stem 

element. As may be appreciated, the actuating mechanism may be operated independently for 

different steps in the process to activate a single valve or a single actuating mechanism may be 

utilized to control two or more valves. As an example, opening an actively-controlled poppet 

valve may include linearly moving with a actuating mechanism at least one valve stem to 

provide an opening between a disk element coupled to the at least one valve stem and a seat 

secured to the housing of the adsorbent bed unit. As another example, opening actively- 

controlled poppet valves may include linearly moving a lift plate secured to the valve stems 

with an actuating mechanism to provide openings, wherein each of the valve stems is secured 

to a disk element and each of the openings forms a gap or flow path between the disk element 

and an associated seat secured to the housing of the adsorbent bed unit.

[0066] The passively-controlled valve may include passively-controlled poppet valves, 

passively-controlled check valves, passively-controlled reed valves, and the other suitable
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passively-controlled valves. For example, the passively-controlled poppet valves, which may 

be referred to as passively-controlled poppet valve assemblies, may each include stem element 

secured to a disk element that is seatable within the head or a disk element that is seatable 

within a separate valve seat inserted within the head. The stem element may be connected to 

a biasing mechanism, such as a spring or other biasing mechanisms, which is configured to 

have the respective valve impart linear motion to the respective stem element. As may be 

appreciated, the biasing mechanism may be operated independently for different steps in the 

process and may be activated based on a pressure differential to activate a single valve or two 

or more valves. One configuration of a passively-controlled poppet valve may include a spring

loaded passively-controlled poppet valve. In this spring-loaded configuration, the disk element 

may be an integral component with a hollow stem element, which has the springs disposed at 

least partially within the hollow stem element. As an example, the opening of passively- 

controlled poppet valves may include linearly moving with a product biasing mechanism at 

least one product valve stem to provide a product opening between a product disk element 

coupled to the at least one product valve stem and a product seat secured to the housing of the 

adsorbent bed unit. The product biasing mechanism may be configured to move linearly based 

on a pressure differential between the interior region and the product conduit exceeding a 

specific threshold. In other configurations, the linear movement based on the pressure 

differential may be different for various valves operating in phase. For example, the passively- 

controlled valves operating in phase may involve a range or a differential window of less than 

25%, less than 20% or less than 10% (e.g., differential window may be calculated as the highest 

pressure differential minus the lowest pressure differential with that difference being divided 

by the highest pressure differential). As another example, a passively-controlled valve may 

also be configured as a reed-valve comprised of a flexible strip of metal or composite material 

anchored on one end and bending to open the passively controlled flow area. The passively- 

controlled reed valve may be utilized to provide more flow at a given differential pressure in a 

given footprint.

[0067] In certain embodiments, a swing adsorption system may be used for removing 

contaminants from a feed stream. By way of example, the contaminants may include CO2. 

Accordingly, the system and process may be used to lower the CO2 levels in the feed stream to 

below a predefined specifications in the product stream (e.g., less than or equal to 50 parts per 

million volume (ppmv) CO2). As another example, the contaminants may include H2O. The 

system and process may be used to lower the H2O levels in the feed stream to below a 

predefined specifications in the product stream (e.g., less than 150 ppmv of H2O, less than 105 
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ppmv of H2O, less than 30 ppmv of H2O, less than 10 ppmv of H2O, less than 1 ppmv of H2O 

or less than 0.1 ppmv of H2O).

[0068] In one or more embodiments, the rapid cycle swing adsorption process in the 

present techniques is a rapid cycle temperature swing adsorption (RCTSA) and a rapid cycle 

pressure swing adsorption (RCPSA). For example, the total cycle times may be greater than 1 

second, or greater than 2 seconds; and may be less than 600 seconds, may be less than 300 

seconds, preferably less than 200 seconds, more preferably less than 100 seconds, may be less 

than 90 seconds, or even more preferably less than 60 seconds. By way of example, the cycle 

duration may be for a period greater than 1 second and less than 600 seconds, the cycle duration 

is for a period greater than 1 second and less than 300 seconds, or the cycle duration is for a 

period greater than 1 second and less than 200 seconds.

[0069] In view of the many possible embodiments to which the principles of the disclosed 

invention may be applied, it should be recognized that the illustrative embodiments are only 

preferred examples of the invention and should not be taken as limiting the scope of the 

invention.
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19 CLAIMS

What is claimed is:

1. A cyclical swing adsorbent bed unit for removing contaminants from a gaseous feed 

stream, the adsorbent bed unit comprising:

a housing forming an interior region;

an adsorbent bed disposed within the interior region of the housing;

a plurality of valves secured to the housing, wherein the housing comprises a head 

coupled to a body portion to form the housing; and the plurality of valves are secured to the 

head, wherein each of the plurality of valves is in flow communication with a conduit and 

configured to control fluid flow along a flow path extending from a location external to the 

housing through the conduit and to the adsorbent bed through the valve, wherein each of the 

plurality of valves has a valve cross sectional area relative to an end of the valve where the 

stream exits or enters the valve within an interface cross sectional area defined by the cross 

sectional area of an end of the adsorbent bed where the stream enters or exits the adsorbent bed 

when viewed along an axis passing directly through the adsorbent bed along the predominant 

flow path and the aspect ratio of the interface cross sectional area defined by the ratio of the 

length of the adsorbent bed divided by the width of the adsorbent bed as defined by the interface 

cross sectional area is greater than 2.

2. The cyclical swing adsorbent bed unit of claim 1, wherein the aspect ratio of the interface 

cross sectional area is in the range between 3 and 12, optionally in the range between 3 and 7.

3. The cyclical swing adsorbent bed unit of any one of claims 1 to 2, wherein the each of the 

plurality of valves has a cross sectional area, wherein the cross sectional areas of the plurality of 

valves is within the interface cross sectional area.

4. The cyclical swing adsorbent bed unit of any one of claims 1 to 3, further comprising a 

sealing element disposed between the housing and the adsorbent bed.

5. The cyclical swing adsorbent bed unit of any one of claims 1 to 4, wherein two or more 

of the plurality of valves are operated via common actuation mechanism.

6. The cyclical swing adsorbent bed unit of any one of claims 1 to 5, wherein the housing is 

configured to maintain a pressure from 5 pounds per square inch absolute (psia) and 1,400 psia.
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19 7. A process for removing contaminants from a feed stream, the process comprising:

a) performing one or more adsorption steps in an adsorbent bed unit comprising a 

housing forming an interior region; an adsorbent bed disposed within the interior region 

of the housing and a plurality of feed poppet valves secured to the housing, wherein the 

housing comprises a head coupled to a body portion to form the housing; and the 

plurality of valves are secured to the head, wherein each of the one or more adsorption 

steps comprise: (i) opening a plurality of feed poppet valves to pass a gaseous feed 

stream from a feed inlet conduit to an adsorbent bed disposed in the interior region of a 

housing of the adsorbent bed unit, wherein each of the plurality of feed poppet valves is 

in direct flow communication with the feed inlet conduit and configured to control fluid 

flow along a flow path extending from a location external to the housing through the feed 

inlet conduit and to the adsorbent bed, wherein each of the plurality of feed poppet valves 

has a valve cross sectional area relative to an end of the valve where the stream exits or 

enters the valve within an interface cross sectional area defined by the cross sectional 

area of an end of the adsorbent bed where the stream enters or exits the adsorbent bed 

when viewed along an axis passing directly through the adsorbent bed along the 

predominant flow path and the aspect ratio of the interface cross sectional area defined 

by the ratio of the length of the adsorbent bed divided by the width of the adsorbent bed 

as defined by the interface cross sectional area is greater than 2, (ii) exposing the gaseous 

feed stream to the adsorbent bed to separate one or more contaminants from the gaseous 

feed stream to form a product stream, and (iii) opening one or more product poppet 

valves to conduct away the product stream from the interior region in the housing to a 

product conduit;

b) performing one or more purge steps, wherein each of the one or more purge steps 

comprise passing a purge stream into the adsorbent bed unit to conduct away at least a 

portion of the one or more contaminants in a purge output stream; and

c) repeating the steps a) to b) for at least one additional cycle, wherein the cycle duration is 

for a period greater than 1 second and less than 600 seconds.

8. The process of claim 7, wherein the aspect ratio of the interface cross sectional area is in 

the range between 3 and 12, optionally in the range between 3 and 7.

9. The process of any one of claims 7 or 8, wherein the each of the plurality of feed poppet
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19 valves has a cross sectional area, wherein the cross sectional areas of the plurality of valves is

within the interface cross sectional area.

10. The process of any one of claims 7 to 9, wherein the opening the plurality of feed poppet 

valves further comprises moving a common actuation mechanism to open the plurality of valves.

11. The process of any one of claims 7 to 10, wherein opening the plurality of feed poppet 

valves further comprise linearly moving with a feed actuating mechanism at least one feed valve 

stem to provide a feed opening between a feed disk element coupled to the at least one feed valve 

stem and a feed seat secured to the housing of the adsorbent bed unit.

12. The process of any one of claims 7 to 11, wherein the cycle duration is for a period 

greater than 1 second and less than 300 seconds to separate one or more contaminants from the 

gaseous feed stream to form the product stream.

13. The process of any one of claims 7 to 12, wherein the gaseous feed stream is a 

hydrocarbon containing stream having greater than one volume percent hydrocarbons based on 

the total volume of the gaseous feed stream.

14. The process of any one of claims 7 to 13, wherein a feed pressure of the gaseous feed 

stream is in the range between 400 pounds per square inch absolute (psia) and 1,400 psia.

15. The process of any one of claims 7 to 14, wherein performing the one or more adsorption 

steps is configured to lower the carbon dioxide (CO2) level to less than 50 parts per million 

volume.

16. The process of any one of claims 7 to 15, wherein performing the one or more adsorption 

steps is configured to lower the water (H2O) level to less than 105 parts per million volume.

17. A method of manufacturing a cyclical swing adsorbent bed unit, the method comprising:

forming a housing having an interior region;

forming a head;

creating a plurality of valve ports into the head;

securing the head to the body portion to form the housing;

securing a valve to the housing in each of the plurality of valve ports to form a plurality 

of valves; and
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19 disposing an adsorbent bed within the interior region of the housing wherein each of the 

plurality of valves is configured to control fluid flow along a flow path extending from a location 

external to the housing to the adsorbent bed, wherein each of the plurality of valves has a valve 

cross sectional area relative to an end of the valve where the stream exits or enters the valve 

within an interface cross sectional area defined by the cross sectional area of an end of the 

adsorbent bed where the stream enters or exits the adsorbent bed when viewed along an axis 

passing directly through the adsorbent bed along the predominant flow path and the aspect ratio 

of the interface cross sectional area defined by the ratio of the length of the adsorbent bed 

divided by the width of the adsorbent bed as defined by the interface cross sectional area is 

greater than 2.

18. The method of claim 17, further comprising securing a common actuation mechanism to 

the plurality of valves, wherein the common actuation mechanism is configured to open or to 

close the plurality of valves.

19. The method of any one of claims 17 or 18, further comprising disposing a sealing 

element around the adsorbent bed prior to disposing an adsorbent bed within the interior region of 

the housing.

20. The method of claim 19, further comprising mechanically activating the sealing element 

after the adsorbent bed is disposed within the interior region of the housing to form a pressure 

boundary between the housing and the adsorbent bed.
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