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FIGURE 1 

(57) Abstract: The embodiments of the disclosure relate generally to adsorbent beds, adsorbent contactors, and methods of using 
same. The disclosure includes polymer filaments that include an adsorbent particle, such as a zeolite, metal oxide, metal organic 
framework. A plurality of fibers composed of the polymer filaments can be formed into an adsorbent bed for use in pressure swing 

f4 and/or temperature swing adsorption processes. The plurality of fibers can be packed into a bed randomly, spirally wound, or woven 
into a fabric that can be formed into a contacting structure. The adsorbent particle can be contained within the polymer filament and 
can interact with a medium having a component for adsorption by being in fluid communication with the medium via tortuous path 
ways within the polymer.
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ADSORBENT-INCORPORATED POLYMER FIBERS 

IN PACKED BED AND FABRIC CONTRACTOR, 

AND METHODS AND DEVICES USING SAME 

TECHNICAL FIELD 

[00011 The various embodiments of the disclosure relate generally to gas 

adsorbent polymer fibers, the construction of pack beds and woven fabrics in gas 

contactors, and method of using gas adsorbent polymer fibers in the separation of gas 

streams.  

BACKGROUND OF THE INVENTION 

100021 Individual components of a gaseous feed stream can be separated using 

Pressure Swing Adsorption (PSA) and Temperature Swing Adsorption (TSA) 

Processes. PSA and TSA processes are proven technologies for natural gas clean-up 

processes. These adsorption processes can increase gas recovery and reduce the cost 

and footprint of a natural gas recovery plant. The productivity of the PSA and TSA 

operation is dependent on the amount of gas that can be processed per hour and per 

pound of adsorbent. Dispersing the adsorbent onto a contacting structure with a large 

surface area can increase the productivity of the PSA and TSA separation.  

[00031 For some PSA and TSA systems, it can be desirable to separate 

combinations of gases, including, for example, methane and carbon dioxide, using an 

adsorbent particle. To optimize the economic viability of these separations, the 

adsorbent particle can be dispersed onto a contacting structure that has a large surface 

area and properly sized gas channels throughout its length, typically at least 

sub-millimeter. Gas channels that are 100-300 microns can allow for unhindered 

diffusion of gas molecules from the bulk gas phase to the channels walls, where they 

can be adsorbed by the absorbent particle. This will decrease the time needed for 

adsorption, allowing more gas to be processed each hour. Using a structure with a 

large surface area could allow for large amounts of adsorbent particle to be packed 

onto the structure per unit volume, reducing the size of the reactor required ior
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separations and the footprint of the process. A contacting structure with a large 

surface area and sub-millimeter sized channels throughout its length can be beneficial.  

BRIEF SUMMARY 

[00041 The various embodiments of the disclosure relate generally to an adsorbent 

bed, rapid cycle adsorbent beds, adsorbent contactors, rapid cycle adsorbent beds, and 

methods of using same.  

[0005] An embodiment of the disclosure can be an adsorbent bed having a 

plurality of fibers and tortuous channels between the fibers of the plurality of fiber.  

The plurality of fibers can be non-aligned. The fibers can include a polymer filament 

and adsorbent particles dispersed in the polymer filament. The polymer filament can 

be a porous polymer, and the porous polymer can have tortuous pathways within it, 

due to macropores, mesopores and/or micropores formed in the porous polymer. The 

adsorbent particles within the polymer can be in fluid communication with at least a 

portion of the tortuous channels of the adsorbent bed. The plurality of fibers can be 

randomly packed, spirally wound, or woven into a fabric.  

[00061 In some embodiments, the absorbent content of the filament can be at least 

10wt%, at least 15 wt% or at least 20 wt%. The filaments can have an average 

diameter of less than 1000 micrometers, less than 750 micrometers, less than 500 

micrometers or less than 400 micrometers. In some embodiments, the absorbent 

particles can have an average diameter that is less than about 50% the average 

diameter of the filament, or less than about 40%, or less than about 30%.  

[00071 The adsorbent beds can be used in adsorption processes. In an 

embodiment, the adsorbent bed can be a temperature swing adsorption bed, a pressure 

swing adsorption bed, or a combination of both.  

[0008] In some embodiments, the plurality of fibers can be woven or non-woven.  

In some embodiments, the plurality of fibers can be randomly packed, spirally wound, 

or woven into a fabric. The plurality of fibers can be a non-woven bed of randomly 

packed filaments, or can be a bed of spirally wound filaments. The bed can have 

tortuous channels between the filaments. The plurality of fibers can also form a
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woven fabric of the filaments, where the fabric has a warp and a weft. Tortuous 

channels can form in the spacing between the woven filaments. Gas feed may flow 

either through or over the plane of the fabric. The fabric can be package to form a 

contacting structure. The contacting structure can be a serpentine structure or a spiral 

structure. The contacting structure can have spacers of between about 50 and 500 

micrometers.  

[00091 An embodiment of the disclosure can include an adsorbent contactor. The 

adsorbent contactor can include the adsorbent bed described above, and can have the 

characteristics of the absorbent bed. The adsorbent contractor can include a chamber 

having a gas feed stream inlet and a gas feed stream outlet, a plurality of fibers, and 

tortuous channels between fibers of the plurality of fibers. The fibers can have a 

polymer filament and adsorbent particles dispersed within the filament, and the 

adsorbent particles can be in fluid communication with at least a portion of the 

tortuous channels between the fibers. The adsorbent particles can be in fluid 

communication in a porous polymer having tortuous pathways within the porous 

polymer.  

[00101 In some embodiments, the contactor can be a temperature swing 

adsorption contactor or a pressure swing adsorption contactor. The contactor can 

include hollow tubes passing through the chamber, where the tubes have a heat 

transfer fluid inlet and a heat transfer fluid outlet, and a heat transfer medium in the 

tubes. Solid tubes that can be electrically or otherwise heated can also be utilized.  

[00111 An embodiment of the disclosure can be a method of adsorbing a 

component of a medium. The method can include the absorbent bed described above, 

or the absorbent contactor described above, including the characteristics or each as 

described. The method can include contacting a medium with a plurality of fibers and 

tortuous channels between the fibers, and selectively adsorbing a component of the 

medium with the plurality of fibers. Each of the fibers can include a polymer filament 

and absorbent particles dispersed within the filament, and the adsorbent particles can 

be in fluid communication with at least a portion of the tortuous channels of the 

adsorbent bed. The method can further include desorbing the component of the 

medium from the plurality of fibers. The method can also include repeating the
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contacting and adsorbing steps. The medium can be a flue gas, natural gas, fuel gas, 

bio gas, town gas, waste gas, water, coal gas, air, or a carbon dioxide containing 

medium. The component can be CO, SOx, NOx, H2S, or water.  

BRIEF DESCRIPTION OF THE DRAWINGS 

[00121 Fig. 1 illustrates a polymer filament having adsorbent particles, in 

accordance with an exemplary embodiment of the disclosure.  

[0013] Figs.2A-2D illustrate an adsorbent bed, in accordance with an exemplary 

embodiment of the disclosure.  

100141 Figs.3A-3D illustrate adsorbent beds of randomly oriented or spirally 

wound filaments, and contactors in a radial arrangement, in accordance with an 

exemplary embodiment of the disclosure.  

[0015] Fig.4 illustrates filaments woven into a fabric, in accordance with an 

exemplary embodiment of the disclosure.  

[00161 Figs.5A-5F illustrate an adsorbent bed contactor with a woven fabric, in 

accordance with an exemplary embodiment of the disclosure.  

100171 Figs.6A-6F illustrate an adsorbent bed contactor with a woven fabric, in 

accordance with an exemplary embodiment of the disclosure.  

100181 Fig. 7 illustrates a cross-sectional view of warp and weft fibers in a fabric, 

in accordance with an exemplary embodiment of the disclosure.  

[00191 Fig. 8 illustrates a calculation of pressure drop across a non-woven bed, in 

accordance with an exemplary embodiment of the disclosure.  

DETAILED DESCRI PTION 

[00201 Although preferred embodiments of the disclosure are explained in detail, 

it is to be understood that other embodiments are contemplated. Accordingly, it is not 

intended that the disclosure is limited in its scope to the details of construction and 

arrangement of components set forth in the following description or illustrated in the
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drawings. The disclosure is capable of other embodiments and of being practiced or 

carried out in various ways. Also, in describing the preferred embodiments, specific 

tenminology will be resorted to for the sake of clarity.  

[00211 It must also be noted that, as used in the specification and the appended 

claims, the singular forms "a," "an" and "the" include plural referents unless the 

context clearly dictates otherwise.  

[00221 Also, in describing the preferred embodiments. terminology will be 

resorted to for the sake of clarity. It is intended that each term contemplates its 

broadest meaning as understood by those skilled in the art and includes all technical 

equivalents which operate in a similar manner to accomplish a similar purpose.  

[0023] Ranges may be expressed herein as from "about" or "approximately" one 

particular value and/or to "about" or "approximately" another particular value. When 

such a range is expressed, another embodiment includes from the one particular value 

and/or to the other particular value.  

[00241 By "comprising" or "containing" or "including" is meant that at least the 

named compound, element, particle, or method step is present in the composition or 

article or method, but does not exclude the presence of other compounds, materials, 

particles, method steps, even if the other such compounds, material, particles, method 

steps have the same function as what is named.  

[0025] It is also to be understood that the mention of one or more method steps 

does not preclude the presence of additional method steps or intervening method steps 

between those steps expressly identified. Similarly, it is also to be understood that the 

mention of one or more components in a device or system does not preclude the 

presence of additional components or intervening components between those 

components expressly identified.  

[00261 Adsorbents beds, processes, and systems are disclosed herein. The 

absorbent bed can preferably be a rapid cycle absorbent bed. By "rapid cycle" is 

generally meant an adsorption process that achieves fast adsorption and desorption 

sequences. A rapid cycle can be about 10 minutes or less to complete one cycle, e.
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one complete adsorption and desorption cycle. In some embodiments, rapid cycle can 

be about 8 minutes or less, about 5 minutes or less, about 4 minutes or less, about 3 

minutes or less, about 2 minutes or less, or about 1 minute or less.  

[0027] The adsorbent bed can also preferably be a rapid cycle adsorbent bed with 

kinetic separation. Kinetic separations are adsorption processes in which one species 

can be preferentially adsorbed over another competing species due to a difference in 

the speed with which they enter the adsorbent. Without wishing to be bound by 

theory, this selectivity can be driven by several factors, including the relative 

molecular sizes of the competing species, the rate of diffusion into and out of an 

adsorbent and its supporting structure, and pore size of the adsorbent. The fast 

species should be able to get to the adsorbent particle quickly by having a short 

distance to diffuse into the adsorbent containing mixture to get to the adsorbent 

particle. Traditionally, this is accomplished by having very small composite 

adsorbent particles, which have very high pressure drops in a packed bed, or by 

coating thin layers of adsorbent on the walls of a monolith, which leads to low 

capacities. These issues of capacity and pressure drop are significant hurdles to 

overcome. The materials of this disclosure can achieve rapid adsorption with kinetic 

separations, with the possibility of better capacities and/or lower pressure drops. The 

adsorption'desorption cycle in kinetic separation can be less than about 1 minutes, or 

less than about 45 seconds, or less than about 30 seconds.  

[00281 An adsorbent bed is disclosed that contains a plurality of fibers. The fibers 

can be a polymer filament and adsorbent particles dispersed within the polymer 

filarent. The adsorbent particles can be in fluid communication with the exterior of 

the polymer filament. The plurality of fibers can be woven into a mat or weave, can 

be randomly packed, or can be spirally wound as part of the adsorbent bed. The 

plurality of fibers can be non-aligned, meaning non-parallel in a straight-line bundle.  

The plurality of fibers can have circuitous, or tortuous, channels between the fibers 

through which a gas can pass, and via which the adsorbent particles can interact due 

to being in fluid communication with the exterior of the polymer filament.  

[00291 The disclosure includes the plurality of fibers. The plurality of fibers can 

include a fiber that can be composed of a polymer filament and adsorbent particles
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dispersed within the polymer. For example, in Figure 1, a. portion of the polymer 

filament 101 is sho-wn, including the polymer 102 and the adsorbent particles 103.  

The adsorbent particle 103 can be in fluid communication with the exterior of the 

polymer filament 101.  

100301 The polymer can be any material suitable for use in a pressure or 

temperature swing adsorbent bed. Some exemplary polymers can include polyimides, 

polysul fones, polydimehtylsiloxanes, polyetherimides, polvether ketones (PEEK) or 

any other polymer with the ability to form porosity, either inherently during the 

spinning or drawing of the fiber or through use of pore forming chemicals designed to 

create a porous polymer. By porous polymer is meant a polymer having some amount 

of porosity within the polymer, and would have a lower density that the same type of 

polymer that does not have porosity. The porous polymer can also be described as 

being a macroporous or mesoporous polymer, or a polymer having pores, macropores, 

mesopores, and/or micropores. The porous polymer can be described as having a 

void fraction of at least about 5% volume, at least about 10% volume, at least about 

15% volume, at least about 20% volume, or at least about 25% volume, (as compared 

to the same polymer that is non-porous.) The void fraction of the polymer can be up 

to about 90% volume, up to about 85% volume, or up to about 80% volume. In some 

embodiments, the void fraction of the porous polymer can be between about 15% to 

85% volume, between about 20% to 80% volume, or about 25% to about 75% 

volume. A porous polymer can be produced by any method used to produce porosity 

in a polymer material. In a non-limiting example, the polymer filament could be 

produced using a porogen that creates pores within the polymer, where the porogen 

can be, for example, a gaseous porogen, a diffusible porogen, or an extractable 

porogen. Porosity can also be introduced during spinning by phase inversion, wherein 

a solvent is removed causing the precipitated polymer to be formed with porosity.  

The porosity can be structured or random.  

100311 The adsorbent particles in this disclosure can be a material suitable for 

adsorption of a gas in a gas separation or removal process. The adsorbent can be a 

material effective in a pressure swing adsorption process or a temperature swing 

adsorption process.
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[00321 Medium separation is important in various industries, including but not 

limited to, the production of fuels, chemicals, petrochemicals, purified gases, and 

specialty products. The term "medium" is used herein for convenience and refers 

generally to many fluids, liquids, gases, solutions, suspensions, powders, gels, 

dispersions, emulsions, vapors, flowable materials, multiphase materials, or 

combinations thereof A medium can comprise a feed stream. A medium can 

comprise a mixture of a plurality of components. The term "plurality" as used herein 

refers to more than one. Preferably the medium herein is a gas, and the adsorbents are 

being applied in gas separation technologies.  

[00331 Medium separation can be accomplished by many methods that, assisted 

by heat, pressure, solids, fluids, or other means, generally exploit the differences in 

physical and/or chemical properties of the components to be separated. Gas 

separation can be achieved by partial liquefaction or by utilizing an adsorbent material 

that preferentially retains or adsorbs a more readily retained or adsorbed component 

relative to a less readily adsorbed component of the gas mixture.  

[00341 Pressure swing adsorption (PSA) and temperature swing adsorption (TSA) 

are two commercially practiced gas separation process. TSA comprises a process 

wherein a bed of adsorbent material is used to separate one or more components out 

of a stream of a medium, and then the adsorbent bed can be regenerated, thereby 

releasing the adsorbed components, by increasing the temperature of the bed. PSA 

similarly includes a bed of material used to separate one or more major components 

from a medium, but the absorbent bed can be regenerated by changing the pressure of 

the system.  

[0035] Both TSA and PSA processes can comprise preferential adsorption of at 

least one component of a medium by an adsorbent material relative to a second 

component or other components in the medium. The total amount of the at least one 

component adsorbed from the medium (i.e., the adsorption capacity of the adsorbent 

material) and the selectivity of the adsorption for one component over another 

component of the medium, can often be improved by operating the adsorption process 

under specific pressure and temperature conditions, as both pressure and temperature
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may influence the adsorption loading of a component of the medium. The adsorbed 

component can be later desorbed from the adsorbent material.  

[00361 Adsorption and desorption of a component in TSA occurs because 

adsorption isotherms are strongly influenced by temperature. Thus, high purities of a 

component of a medium can be obtained by adsorbing at low temperature, where 

adsorption is strong, with the release of a strongly held component being possible by 

means of high temperature for desorption. In TSA processes, heat for desorption may 

be supplied directly to the adsorbent material by flowing a hot desorbent medium 

through the bed, or indirectly to the adsorbent material through a heating coil, 

electrical heat source, heat transfer medium, or heat exchanger, among others, which 

are in intimate association with the adsorbent material.  

[00371 Adsorption and desorption of a component in PSA occurs because 

adsorption of gases in a medium increases with an increasing pressure. Different 

gases tend to have different adsorption coefficients with different substrates, so a 

mixture of gases can be passed through a bed at higher pressure to selectively adsorb 

at least one of the gases in the mixture. Once the bed reaches the end of its capacity, 

the pressure can be reduce to collect the adsorbed gas and regenerate the adsorbent.  

[00381 The PSA and TSA processes do not have to be exclusively only pressure 

or temperature. The pressure in a TSA process can also be changed during 

adsorption/desorptions, and the temperature in a PSA process can also be changed 

during adsorption/desorptions. Moreover, purge gases or other means might also be 

used in conjunction with PSA and/or TSA processes.  

[00391 In each of the TSA and PSA processes, the nature of the adsorbent and the 

nature of the structure containing the adsorbent can impact both the type of 

adsorption, effectiveness and efficiency of adsorption, and capacity for a gas in the 

process.  

100401 The adsorbent in this disclosure can be a material suitable for adsorption of 

a gas in a gas separation or removal process. The adsorbent can be a material 

effective in a pressure swing adsorption process or a temperature swing adsorption 

process. In some embodiments, the adsorbent can be a material that adsorbs CO 2
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from a gas streak. In an embodiment, the adsorbent can be a zeolite, metal oxide, 

metal organic framework, zeolitic imidozolate framework, or activated carbons.  

Preferably, the adsorbent can be a zeolite. The zeolite can be any zeolite used in an 

adsorption process, including but not limited to zeolite A, zeolite X, zeolite Y, MFI, 

DDR, ZSM-58, mordenite. silicalite, chabasite, faujasite, and variations of these 

frameworks.  

[00411 The adsorbent content of the polymer filaments Can be any amount up to a 

content at which the polymer loses its flexibility and/or its structural integrity. The 

ability to increase or decrease the adsorbent content of the polymer allows for control 

of the capacity of the polymer and the device, depending on its application. The 

absorbent content of a filament can be at least about 5% by weight in the filament, i.e.  

5% weight absorbent per weight filament. This can also be described as the weight 

fraction of the absorbent in the filament. The absorbent content can be at least about 

10 % by weight, at least about 15% by weight, at least about 20% by weight, at least 

about 25% by weight, at least about 30% by weight, at least about 33% by weight, at 

least about 40% by weight, at least about 45% by weight, at least about 50% by 

weight. The adsorbent content can be up to about 90% by weight or up to about 85% 

by weight.  

100421 The adsorbent particles can be at least partially contained within the 

polymer filament, i.e. within the diameter or the polymer. The polymer can have 

adsorbent particles throughout the polymer, and the adsorbent does not need to be at 

the surface of the composite, unlike other systems, such as monoliths or coated 

fabrics, where the adsorbent is coated only on the exterior surfaces. Some amount of 

adsorbent can be within the polymer filament, meaning the amount of adsorbent is not 

directly exposed at the surface of a composite. In an embodiment, at least about 5% 

of the adsorbent can be contained within the polymer filament. The amount of 

adsorbent within the polymer filament can be at least about 10%, at least about 15%, 

or at least about 20%. The amount of adsorbent within the polymer filament can be 

up to about 100% of the adsorbent.  

[00431 However, despite being within the polymer filament, the adsorbent can be 

in fluid communication with the surface of the polymer, and thus with the space
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outside the polymer and between adjacent polymeric fibers, by virtue of the porosity 

of the polymer. The macroporosity and mesoporosity of the polymer fiber provides 

for tortuous pathways within the polymer. As a result, the adsorbent can be in fluid 

communication with the tortuous channel of the bed. As discussed further below, the 

tortuous channels, also called circuitous channels,. are the routes or spaces that occur 

between fibers in the bed. In contrast, tortuous pathways are the portion of the 

polymer composed of the macropores, mesopores and micropores in the porous fiber.  

Note also that the polymer can have a permeability for the medium passing through 

the tortuous channels that can also allow for some communication of adsorbent with 

the tortuous channels. As a non-limiting example, some polymers can show 

solubility/permeability with CO2, so some CO 2 could also pass through the polymer 

via standard diffusion rather than through the tortuous pathways. Preferably, in an 

embodiment, the adsorbent particles within the polymer filament can be in fluid 

communication with at least a portion of the tortuous channels of the adsorbent bed.  

[00441 The polymer filament used to construct the adsorbent beds can be any 

filament size that can accommodate the adsorbent particle and maintain some level of 

flexibility. In some embodiments, the polymer filament can have a diameter of 

between 10 to 1000 micrometers. The diameter of the polymer filament can be 

described as the average diameter of the filament, i.e. the cross-sectional diameter of a 

filament, as that term is used by one of ordinary skill in the art. The average filament 

diameter can be less than about 500 micrometers. The average filament diameter can 

be less than about 400 micrometers, less than about 300 micrometers, less than about 

250 micrometers, less than about 200 micrometers or less than about 100 

micrometers. The average filament diameter can be greater than about 10 

micrometers, greater than about 20 micrometers, greater than about 30 micrometers, 

or greater than about 40 micrometers.  

[00451 In some embodiments, more than one polymer filament size can be used.  

For example, in some embodiments, the plurality of fibers can be woven into a fabric, 

and the fabric can have a warp and a weft, describing the two sets of perpendicular 

fibers. In some embodiments, filaments in the fibers of the warp can have a diameter 

that is the same as the diameter of filaments of fiber in the weft. Alternatively,
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filaments in the fibers of the warp can have a diameter that is different from the 

diameter of filaments of fiber in the weft. When filaments having different diameters 

are used, the difference between the largest average filament diameter and the 

smallest average filament diameter can be up to about 10 to 1, up to about 7.5 to 1, up 

to about 5:1, up to about 3:1.  

[00461 The adsorbent particles can have an average diameter associated with the 

particles. That average diameter can be measured and described using standard 

techniques. The average particle diameter can also be defined as the volume weighted 

average of the distribution of a set of particles having various particle diameters. The 

adsorbent particles can generally be smaller in diameter than the filament it is 

incorporated into. The average size of the adsorbent particle is generally less than 

about 40% of the average filament diameter, or less than about 30% the average 

filament diameter. In some embodiments, the average size of the adsorbent particle 

can be less than 25% of the average filament diameter, less than about 20% of the 

average filament diameter, or less than about 15% of the average filament diameter.  

In some embodiments, the adsorbent particles can have an average diameter of 

between about I to 100 pim. or between about 5 to 50 am, or preferably an average 

particle diameter of between about 10 and about 40 pin. Smaller sizes can also be 

utilized in this technology. Therefore, in some embodiments, the adsorbent particles 

can have an average diameter of as small as 0.01 im, or as low as 0.1 !.tm. The range 

of the average diameter can be between about 0.01 to 100 pm, or between about 0.1 to 

100 im. The average particle diameter can be between about I and about 10 gim, 

between about I and about 50 im, between about 5 pm and about 50 im, between 

about 5 pn and about 40 urn, or about 10 pm and about 40 pm.  

[00471 The adsorbent particles can be incorporated into the filament by any 

method used to introduce a solid into a polymer material. In an embodiment, the 

adsorbent can be dispersed in a polymer mixture prior to drawing or spinning the 

polymer mixture. The polymer mixture can be a molten polymer or a polymer solvent 

solution, such as in a thermoplastic polymer, or in a thermosetting polymer solution 

prior to drawing or spinning. The adsorbent can also be suspended in polymer 

component, such as a component of a thermosetting polymer. The adsorbent/polymer
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mixture can be a continuous porous polymer phase which can then be extruded into 

solid filaments. Extruding can include any technique used to form polymer filaments, 

such as spinning or drawing processes, including for example a phase inversion 

drawing process. The solid filaments can be described as a filament, a monofilament, 

or a polymer filament. Preferably, the polymer filaments are non-hollow polymer 

filaments, meaning that the polymer is not specifically prepared to include a lumen 

within the polymer filament.  

[00481 In the disclosure, an adsorbent bed can comprise a plurality of fibers and 

tortuous channels between fibers of the plurality of fibers. In an embodiment, the 

plurality of fibers can form a bed of woven or non-woven filaments. In one 

embodiment, the plurality of fibers can be a non-woven bed of randomly packed 

filaments, and the tortuous channels can form between the filaments. One exemplary 

embodiment of a nonwoven bed is shown in Figure 2A (Top View) and Figure 2B 

(Side View). A bed 201 of randomly packed filaments 202 is shown. The randomly 

packed filaments 202 have between them tortuous channels 203. Gas can flow into 

the tortuous channels between the randomly packed fibers. In another embodiment, 

the plurality of fibers can be spirally wound to form a bed, or can be woven to form a 

fabric.  

100491 By dispersing adsorbent in a continuous porous polymer phase, extruding 

the mixture into solid filaments, and then arranging these monofilaments into a bed, 

an adsorbent bed can be provided that has a self-supporting large surface area 

contacting structure. Such a structure can be easy to manufacture. The 

polymer/adsorbent solid monofilaments can produce a bed having sub-millimeter 

sized tortuous channels in the structure. Additionally, the beds can be designed for 

PSA or TSA systems. For example, the system in Figures 2A and 2B might be 

utilized in a pressure swing adsorption process, where the change in pressure can be 

accomplished in the bed. Additional structures or supports could also be included in 

the bed design. For example, supporting structures could be added to maintain the 

location or distribution of the filaments. Alternatively, a contactor bed could be 

constructed using hollow tubes in the structure, such as is shown in Figure 2C (Top 

view) and 2D (Side view.) The bed 201 containing the polymer/adsorbent filament
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202 and having tortuous channels 203 could also include tubes 204 through which a 

heat transfer medium such as water could pass. A liquid can flow through the tubes 

providing a temperature change for temperature swing adsorption processes, or the 

tubes could be used to maintain a specific temperature for, or adjust the temperature 

during, a pressure swing process. The gas can flow into tortuous channels between 

the randomly packed fibers, and a heat transfer medium can flow through hollow 

tubes inserted throughout the bed. Note also that the tubes do not need to run parallel 

with the bed, but could run perpendicular to the bed. Instead of tubers, the bed can 

include thermally conductive metal or wires or other fibers to control the temperature 

and heating of the bed. Other methods of heating or maintaining the temperature 

could also be used, such as heating with a flow of gas.  

[00501 Beds of this disclosure can include a conventional bed design, such as is 

shown in Figures 2A- D, where gas can flow down the length of the bed, i.e. parallel to 

the length of the bed. Beds of this disclosure can also include other bed designs, such 

as, for example, a radial bed. One example of a radial contactor is shown in Figure 

3A (Top View) and 3B (Side View.) The contactor 310 contains the bed 301 of 

polymer/adsorbent filament 302 and having tortuous channels 303. A gas flow 

passage 305 can allow for flow of the medium into the bed, and the gas can exit via 

the contactor's outlets 306 after passing through the filaments 302 via the tortuous 

channels 303. The polymer filaments in such a radial bed can be randomly packed as 

shown in Figure 3A. The polymer filaments can also be spirally wrapped, as shown 

in Figure 3C (Top View) and 3D (Side View.) In a spirally wrapped bed 311, the 

polymer filaments 302 can be wrapped around a mandrel or structure to form the 

spirally aligned fibers. The mandrel or structure could be removed, leaving a passage 

305 for the medium to be fed into the bed, and then passing radially through the bed 

311. Alternatively, the mandrel or structure could remain, and gas could pass in a 

direction parallel to the through the length of the bed rather than perpendicularly 

through the bed. Moreover, in addition to randomly oriented or spirally wrapped 

fibers, the polymer filaments of the radial bed can also be woven into a fabric, as 

discussed in more detail below, and the fabric placed within the bed such the gas flow 

can pass through the fabric from the internal inlet to the external outlets. Note also 

that while radial contactors such as are shown Figures 3A and 313 are described as
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having a gas that flows into the interior and out the exterior, the contactor could be 

designed to operate in the opposite direction, with gas flowing in through the exterior, 

passing through the plurality of fibers, and being collected at passage 305.  

[0051] In an embodiment, the filaments can be woven into a fabric. The plurality 

of fibers can form a woven fabric of filaments. The fabric would have a warp and a 

weft. Tortuous channels can be formed in the spacing between the fibers of the 

woven fabric. For example, monofilaments can be woven into a fabric, resulting in a 

self-supporting large surface area contacting structure, as shown in Figure 4. A 

filament 402 can be woven with a second filament 403 to form the fabric 401. The 

fabric 401 can have tortuous channels 404 between the filaments, and the size of those 

tortuous channels can be controlled by the spacing of the fibers in the weave, such as 

the warp and weft spacings at 405 and 406.  

[00521 By nature of the weaving of the filaments, the fabric can have a warp and a 

weft, and the fabric can have a warp fiber and a weft fiber. The warp fiber and the 

weft fiber can have the same characteristics, for example, the same diameter and same 

adsorbent content. Alternatively, the warp fiber could have one diameter and 

adsorbent content, and the weft fiber could have a different diameter or content. 'he 

warp fibers generally run parallel to one another, and can have a spacing between the 

warp fibers, defined herein as the warp spacing. The weft fibers can generally run 

parallel to one another, and can have a spacing between weft fibers defined herein as 

the weft spacing. The warp spacing and the weft spacing can be the same, or can be 

different. In some embodiments, some of the fibers running in one direction can be 

replaced with alternate structures. For example, a portion of the warp fibers could be 

replaced with wire, which might aid in heat transfer or heat capacity, or provide 

structural support to the fabric. Alternatively a portion of the fibers could be replaced 

with hollow tubes, and a heat transfer medium could flow through the tubes.  

[00531 Once the woven fabric is constructed, the fabric can be packed to form a 

contacting structure, or contactor. For example, the fabric can be rolled to form a 

spiral structure. Alternatively, the fabric can be folded to form a serpentine structure.  

In some cases, the packaged structure can be self-supporting by virtue of the fabric's 

construction. In some cases, spacers can be included between sections of the
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packaged fabric. The spacers can control the space between portions of the packaged 

fabric. The spacers can be about 50 micrometers to about 1000 micrometer. about 50 

micrometers to about 500 micrometer, about 100 micrometers to about 400 

micrometer, or between about 200 micrometers to about 300 micrometer. The spacers 

can be greater than 75 micrometers, greater than 100 micrometers, or greater than 150 

micrometers. The spacers can be less than about 500 micrometer, less than about 450 

micrometers, less than about 400 micrometers, less than about 350 micrometer,. or less 

than about 300 micrometers. The spacers can be solid tubes or individual supports.  

The spacers can also be hollow tubes, and the tubes can have a heat transfer medium 

that can flow through them.  

[00541 Figures 5A-F present a non-limiting example of a contractor containing a 

woven fabric that is wound into a spiral. In Figure 5A, a fabric woven of 

monofilaments, with weft fibers 501 and warp fibers 502, is shown in a cross

sectional view. Figure 5B shows a top view of a woven fabric. Figures 5C and 5 D 

demonstrate the inclusion of a mandrel, rod, or other support 503 at one end of the 

fabric and spacers 504 distributed across the fabric. The fabric can then be rolled as 

shown in cross-sectional view of Figure 5E to give a spiral wound structure having 

the warp and weft fibers 501 and 502, mandrel 503, and spacers 504. In the spiral 

wound structure can then be seen the gas channels 505, through which gas would flow 

and interact with the plurality of fibers in the woven fabric. Figure 5F shows a top 

view of the rolled spiral structure. Figures 6A-F presents another non-limiting 

example of a contactor containing the plurality of fibers woven into the fabric, 

including warp and weft fibers 601 and 602. In Figure 6C hollow tubes 604, having 

an interior center 606 can be used instead of spacers. The structure can be rolled to 

form the spiral structure shown in Figure 6E, having gas channels 605. The hollow 

tubes 604 can be used as structural supports, or can also be used to control the 

temperature of the contactor by passing a heat transfer medium through the tubes.  

Controlling the temperature of the bed can be an important aspect of a TSA process, 

where the change in temperature changes the adsorption profile, but can also be used 

to control or maintain the temperature of a bed in a PSA process.
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[00551 The spiral structures, as shown in Figures 5E and 6E, can be similar to a 

coated spiral wound structure used in traditional monolith or contactor designs, where 

a metal mesh or sheet is spiral wound and coated with an adsorbent. However, unlike 

the metal contactors, a coating procedure is not necessary. An adsorbent is already in 

the fabric's filaments, therefore the difficulties inherent in coating procedures can be 

avoided.  

[00561 Another benefit unique to this contactor design can be the size of the gas 

channels within the structure and the structure's absorbent loading, factors which are 

both important to the productivity of PSA/TSA. The gas channels between layers of 

the fabric can be controlled through choice of the appropriate fabric design 

parameters. For example, the size of the gas channels in the fabric adsorbent structure 

can be controlled by how tightly the fabric is rolled into a cylinder after weaving; a 

more tightly rolled fabric will have smaller gas channels. The gas channels can be 

controlled by the spacer placed between layers, or can be a function of the fabric 

itself, because a self-supporting fabric can maintain a certain distance between layers.  

In an embodiment, the gas channels can be about 30 to 500 micrometers. The gas 

channels can be about 50 micrometers to about 500 micrometer, about 100 

micrometers to about 400 micrometer, about 100 to about 300 micrometers, or 

between about 200 micrometers to about 300 micrometer. The gas channels can be 

greater than 75 micrometers, greater than 100 micrometers, or greater than 150 

micrometers. The gas channels can be less than about 500 micrometer, less than 

about 450 micrometers, less than about 400 micrometers, less thani about 350 

micrometer, or less than about 300 micrometers.  

100571 The weaving pattern of the fabric, which is defined as the crossing method 

of warp (yarns in the vertical axis of the fabric) and weft yarns (yarns in the horizontal 

axis of the fabric) can be used to control the fabrics solids density, where fabric solids 

density is the fraction of the volume of the filament over the total volume of the 

fabric. For example, a plain weave using one type of fiber can have a fabric solids 

fraction up to 78%, while a satin weave can have a fabric solids fraction up to 50%.  

Additionally, varying the shape of the woven filaments can increase the fabric solids 

fraction. If a plain weave fabric is woven with square shaped filaments, instead of
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cylindrical filaments, the fabric's solids fraction can be increased from up to 78% to 

up to 100%. Using two different fibers in the warp and the weft can also access 

different fabrics solids density. Thus, in an embodiment, the fabrics solids density of 

a fabric can be up to about 50%, up to about 60%, up to about 70%, up to about 75%, 

up to about 80%, up to about 90%, or up to about 100%. The fabrics solids density 

can be greater than about 10%, greater than about 25%, greater than about 30%, or 

greater than about 40%.  

[00581 The disclosure also includes the ability to control other variables of the 

fabric. For example, the filament diameter can be used to define the thickness of the 

adsorption layer in the rolled structure. The larger the filament diameter the thicker 

the adsorption layer, as exemplified in Figure 7, where a warp fiber 702 and a weft 

fiber 703 form a fabric 703, and the fabric has a cross-sectional width W shown in 

Figure 7. The cross-sectional width can generally be between I to 5 times the width 

of the fiber, depending in part on how tightly the filaments are pulled. In the case 

where both fibers have approximately the same diameter, the cross-sectional width 

can be about 3 times the diameter of the fibers. In other embodiments, the cross

sectional width can be about 2.5 to about 3.5 times the average diameter of the fibers.  

The cross-sectional width can be about 1 5 times the diameter of the fibers, or about 2 

times the average diameter of the fibers. Also, the zeolite loading in each filament 

can be controlled by varying the amount of adsorbent particles mixed into the 

polymer solution before extrusion of the filaments.  

[00591 Several benefits can be achieved with the current disclosure. The structure 

can perform similar to more traditional coated monolithic structures, but coating 

procedures would not be necessary. There will be no need to coat the structure with 

adsorbents as the adsorbent will already be in the fabric's filaments. Therefore the 

difficulties inherent in coating procedures, such as clogging, can be avoided. Another 

benefit unique to this contactor design is that the size of the tortuous channels within 

the fabric and the structure's absorbent loading, factors which are both important to 

the productivity of PSA and TSA, can easily be controlled through choice of the 

appropriate bed design parameters. For example, the size of the tortuous channels in 

the fabric adsorbent structure can be controlled by the diameter of the filaments and
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the packing density of the filaments; a more dense packing with smaller fibers can 

have smaller tortuous channels. The ability of the adsorbents and fibers to rapidly 

absorb and desorb can be adjusted, as can the pressure drop across a bed of fibers, for 

example by controlling the polymer filament diameters and packing densities.  

Additionally, varying the amount of absorbent particles mixed into the polymer 

solution before extrusion of the filaments can allow for control of the zeolite loading 

in each filament. Another important advantage of the design can be the economies of 

scale associated with fiber technology; fiber spinning technology is well established 

and understood. These beds can be cheaper and simpler to assemble as demand rises.  

Additionally, the contactor design can be modified to suite both PSA and TSA needs.  

[00601 An embodiment of the disclosure can also include an adsorbent contractor.  

The contactor can include a gas feed stream inlet and a gas feed stream outlet, a 

plurality of fibers, and tortuous channels between the plurality of fibers. As discussed 

above, the fibers can be polymer filaments or fibers, and have adsorbent particles 

dispersed within the filament. The adsorbent particles can be in fluid communication 

with at least a portion of the tortuous channels of the adsorbent bed via the tortuous 

pathways of the polymer. The contactor can have hollow tubes passing through the 

chamber. In a temperature swing adsorption contactor, the hollow tubes can have a 

heat transfer fluid inlet and a heat transfer fluid outlet, and a heat transfer medium in 

the hollow tubes. Examples of contractors are shown in Figures 5E and 6F and 

Figures 6E and 6F.  

[00611 An embodiment of the disclosure can also include the methods of using the 

adsorbent beds and contactors. The absorbent bed can be a temperature swing 

adsorption bed, or a pressure swing adsorption bed, or a combination thereof, 

including rapid cycle temperature swing adsoiption beds and rapid cycle pressure 

swing adsorption beds. The contactor can be used in the same processes. In an 

embodiment, the disclosure can include a method of absorbing a component of a 

medium. The method can include contacting a medium with a plurality of fibers and 

tortuous channels between the fibers, each of the fibers including a polymer filament 

and adsorbent particles dispersed within the filament, and the adsorbent particles in 

fluid communication with at least a portion of the tortuous channels of the adsorbent
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bed. A component of the medium can be selectively adsorbed from the medium with 

the adsorbent particles in the plurality of fibers. The method can also include further 

desorbing the component of the medium in another step. The term "medium" is used 

herein for convenience and refers generally to fluids, liquids, gases, solutions, 

suspensions, powders, gels, dispersions, emulsions, vapors, flowable materials, 

multiphase materials, or combinations thereof Preferably the medium is a gas 

mixture. In some embodiments. the medium can be a flue gas, natural gas, fuel gas, 

bio gas, town gas, waste gas, water, coal gas, air, or a carbon dioxide containing 

medium. In some embodiments, the component can be C0 2 , SOx, NOx, -2S, and 

water. In a preferred embodiment, the component is CO 2.  

EXAMPLES 

Example 1: Gas flow in a contactor of randomly packed fibers.  

[00621 A contactor containing randomly packed adsorbent-containing fibers can 

be created and gas flows across the contactor measured. The tortuosity of gas 

channels in a bed of randomly packed fibers is expected to be large; therefore the 

pressure drop across the bed can be considered. Figure 8 displays the relationship 

between the pressure drop across a random packing of filaments and the solids 

fraction of the packing. The calculation is shown for Nitrogen flowing at 20 ft/s at 15 

bar and 23C. Under the aforementioned conditions, a typical monolithic PSA bed 

design can give a pressure drop of 19 psi/ni with a zeolite loading of 28%. On the 

assumption of 50 vol% zeolite loaded fibers, Figure 8 shows that at 19 psi/n a bed 

consisting of a random packing of fibers with a 300 micron diameter would have a 

22.5% zeolite loading, which is similar to the loading of the monolith design.  

Example 2: Fabric designs for a pressure swing adsorption process.  

[00631 A contactor containing a woven fabric of nionofilament fibers containing 

an adsorbent can be created and properties calculated for gas flows around the fabric.  

The fabric in Example 2.1 and 2.2 in Table I can have a tightly woven plain weave 

pattern, in which warp yarns alternate over then under each weft yarn (left), whereas 

Example 2.3 can have a loser weave with 10 micron gap between fibers.
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Table 1. Fabric Design specifications PSA 

PSA 

Fabric Specifications Example 2.1 Example 2.2 Example 2.3 

Weave Pattern Plain Plain Plain 

Filament Shape Cylinder Square Cylinder 

39"x 6 x 39"x 6" x 3 9"x 6" x 
Fabric Dimensions LxWxH (in) 0.024" 0.024" 0.024" 

Filament Diameter (pm) 00 200 200 

Filament Spacing (pm) 0 0 10 

Spacer Height (pin) 200 200 200 

Filament Density 
(Filaments/inch) 127 127 121 

Tortuosity 0.50 0.50 0.50 

Fabric Solids Fraction 0.79 1.00 0.75 

Zeolite Loading wt% 51% 65% 49% 

Example 3: Fabric designs for a temperature swing adsorption process 

[00641 A contactor containing a woven fabric of monofilament fibers containing 

an adsorbent can be created and properties calculated for gas flows around the fabric.  

Each of Example 3.1 and 3.2 shown in Table 2 shows a fabric with a tightly woven 

plain weave pattern, in which warp yams alternate over then under each weft yarn.  

The fabric can have spacers or hollow tubes attached as in Figures 5 and 6 above. In 

each option, gas can flow over the rolled fabric, in the empty region created by the 

spacers or tubes, but the location of liquid flow varies. In Example 3.1, a portion of 

the warp yarns can be replaced with hollow polymeric water-tight tubes through 

which liquid can flow. The weft yarns can be adsorbent/polymer filaments, with the 

polymer fibers make up as little as 50% of the fabric. In Example 3.2, liquid flows 

through the hollow tubes that act as spacers, and the polymer/adsorbent filaments 

make up 100% of the fabric. In all cases, some of the fibers may be replaced with 

thermally conductive fibers to increase heat transfer rates if desired.
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Table 2. Fabric Design specifications TSA 

TSA 

Fabric Specifications Example 3.1 Example 3.2 

Weave Pattern Plain Plain 

Filament Shape Cylinder Square 

Location of Liquid Flow Warp Spacer 

Fabric Dimensions LxWxl (in) 39"x 6" x 0.024" 3 9"x 6" x 0.024" 

Filament Diameter (pm) 200 200 

Filament Spacing (pm) 0 0 

Liquid Flow Tube Inner Diameter 
(pm) 67 150 

Spacer Height (pm) 200 200 

Filament Density (Filaments/inch) 127 127 

Tortuosity 0.50 0.50 

Fabric Solids Fraction 0.79 1.00 

Zeolite Loading wt% 26% 65% 

[0065] The following publications in their entireties are hereby incorporated by 

reference into this application as if fully set forth herein in order to more fully 

describe the state of the art to which the disclosed matter pertains.  

EMBODIM ENTS 

[0066] Additionally or alternately, the disclosure can include one or more of the 

following embodiments.  

100671 Embodiment 1: An adsorbent bed, the bed comprising a plurality of fibers, 

and tortuous channels between fibers of the plurality of fibers, wherein each of the 

fibers comprises a polymer filament and adsorbent particles dispersed within the 

polymer.  

[00681 Embodiment 2: An adsorbent contactor, the contractor comprising a 

chamber, a plurality of fibers, and tortuous channels between fibers of the plurality of 

fibers. The chamber comprises a gas feed stream inlet and a gas feed stream outlet.
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Each of the fibers comprises a polymer filament and adsorbent particles dispersed 

within the filament, and the adsorbent particles are in fluid communication with at 

least a portion of the tortuous channels of the adsorbent bed.  

[0069] Embodiment 3: A method of adsorbing a component of a medium, the 

method comprising: contacting a medium with a plurality of fibers and tortuous 

channels between the fibers, and selectively adsorbing a component of the medium 

with the plurality of fibers. Each of the fibers comprises a polymer filament and 

adsorbent particles dispersed within the filament, and the adsorbent particles in fluid 

communication with at least a portion of the tortuous channels of the adsorbent bed.  

The method can further comprise desorbing the component of the medium from the 

plurality of fibers. The method can further include repeating the adsorbing and 

desorbing steps.  

[00701 Embodiment 4: The adsorbent beds, adsorbent contactors and methods of 

any of these embodiments, wherein the adsorbent bed, contactor or method is a rapid 

cycle adsorbent bed, contactor, or method. The absorbent bed, contactor, or method 

can be a rapid cycle adsorbent with kinetic separation.  

[00711 Embodiment 5: The adsorbent beds, adsorbent contactors and methods of 

any of these embodiments, wherein the adsorbent bed contactor or method is a 

pressure swing adsorbent bed, contactor, or method, a temperature swing absorbent 

bed, contactor, or method, or a combination thereof. The bed or contactor can include 

hollow tubes, the tubes having a heat transfer fluid inlet and a heat transfer fluid 

outlet, and a heat transfer medium.  

[00721 Embodiment 6: The adsorbent beds, adsorbent contactors and methods of 

any of these embodiments, where the polymer filament comprises a porous polymer, 

or a polymer filament comprising tortuous pathways within a porous polymer.  

[0073] Embodiment 7: The adsorbent beds, adsorbent contactors and methods of 

any of these embodiments, wherein the adsorbent particles within the polymer are in 

fluid communication with at least a portion of the tortuous channels of the adsorbent 

bed. The fluid communication can be via the tortuous pathways of the porous 

polymer.
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[00741 Embodiment 8: The adsorbent beds, adsorbent contactors and methods of 

any of these embodiments, the plurality of fibers forming a woven fabric or non

woven bed. The plurality of fibers can be a randomly packed, spirally wound, or 

woven into a fabric. The woven fabric can be woven fabric of filaments, the fabric 

having a warp and a weft, and the woven fabric forming the tortuous channels in the 

spacing between filaments.  

[00751 Embodiment 9: The adsorbent beds, adsorbent contactors and methods of 

any of these embodiments, where a woven fabric of the polymer filaments can be 

packaged to formed, or formed into, a contacting structure. The contacting structure 

can include a spiral wound shape, a serpentine shape, a circular shape, or a random 

shape.  

[00761 Embodiment 10: The adsorbent beds, adsorbent contactors and methods 

of any of these embodiments, wherein the contacting structure can include spacings of 

between about 50 micrometers and 500 micrometers, or between about 100 to about 

400 micrometers, or between about 100 and about 300 micrometers, or about 200 and 

about 300 micrometers. These spacings can be by spacers or tubes on the fabric, or 

can be controlled by the self-supporting nature of the fabric.  

[00771 Embodiment 11: The adsorbent beds, adsorbent contactors and methods 

of any of these embodiments, wherein the medium for adsorption/desorption can 

comprises flue gas, natural gas, fuel gas, bio gas, town gas, waste gas, water, coal gas, 

air, or a carbon dioxide containing medium, and the component adsorbed from the 

medium can be selected from CO2, SOx, NOx, 1-12S, and water.  

[00781 Embodiment 12: The adsorbent beds, adsorbent contactors and methods 

of any of these embodiments, wherein the adsorbent content of the filaments is at least 

10 wt%, at least 15 wt%, at least 20 wt%, at least 25 wt%, or at least 30 wt%.  

[0079] Embodiment 13: The adsorbent beds, adsorbent contactors and methods 

of any of these embodiments, wherein the average filament diameter is less than about 

1000 micrometer, less than about 800 micrometers, less than about 750, micrometers, 

less than about 600 micrometer, less than about 500 micrometers, less than about 400 

micrometer, less than about 300 micrometers, or less than about 200 micrometers.
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[00801 Embodiment 14: The adsorbent beds, adsorbent contactors and methods 

of any of these embodiments, wherein the size of the adsorbent particle is less than 

about 30% of the average diameter of the filament, or less than about 25%, or less 

than about 20%.  

100811 Embodiment 15: The adsorbent beds, adsorbent contactors and methods 

of any of these embodiments, wherein adsorbent particle can be a zeolite, metal oxide, 

metal organic framework, zeolitic imidozolate framework, or activated carbons.  

Preferably, the adsorbent can be a zeolite. The zeolite can be any zeolite used in an 

adsorption process, including but not limited to zeolite A, zeolite X, zeolite Y, NFI, 

DDR, ZSM-58, mordenite. silicalite. chabasite, faujasite, and variations of these 

frameworks.  

[00821 It is to be understood that the embodiments and claims disclosed herein are 

not limited in their application to the details of construction and arrangement of the 

components set forth in the description and illustrated in the drawings. Rather, the 

description and the drawings provide examples of the embodiments envisioned. The 

embodiments and claims disclosed herein are further capable of other embodiments 

and of being practiced and carried out in various ways. Also, it is to be understood 

that the phraseology and terminology employed herein are for the purposes of 

description and should not be regarded as limiting the claims.  

100831 Accordingly, those skilled in the art will appreciate that the conception 

upon which the application and claims are based may be readily utilized as a basis for 

the design of other structures, methods, and systems for carrying out the several 

purposes of the embodiments and claims presented in this application. It is important, 

therefore, that the claims be regarded as including such equivalent constructions.
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CLAIMS: 

1. An adsorbent bed, the bed comprising, 

a plurality of fibers, and 

tortuous channels between fibers of the plurality of fibers 

wherein each of the fibers comprises a polymer filament and adsorbent particles 

dispersed within the polymer filament; and wherein the plurality of fibers are randomly packed, 

spirally wound, or woven into a fabric; and 

wherein the adsorbent bed comprises a temperature swing adsorption bed, and further 

comprises hollow tubes passing through the adsorbent bed, the hollow tubes having a heat 

transfer fluid inlet and a heat transfer fluid outlet, and a heat transfer medium therein.  

2. The bed of claim 1, wherein the bed is a rapid cycle adsorbent bed.  

3. The bed of claim 1, wherein the polymer filament comprises a porous polymer.  

4. The bed of claim 1, wherein the polymer filament comprises tortuous pathways within a 

porous polymer.  

5. The bed of claim 1, wherein the adsorbent particles within the polymer are in fluid 

communication with at least a portion of the tortuous channels of the adsorbent bed.  

6. The bed of claim 1, wherein the adsorbent content of the filaments is at least 10 wt%.  

7. The bed of claim 1, wherein the average filament diameter is less than 500 micrometers.  

8. The bed of claim 1, wherein the average size of the adsorbent particle is less than 30% of 

the average diameter of the filament.  

9. The bed of claim 1, wherein the adsorbent bed comprises a pressure swing adsorption 

bed.  

10. The bed of claim 1, wherein the plurality of fibers forms a non-woven bed of randomly 

packed filaments or a bed of spirally wound filaments.
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11. The bed of claim 1, wherein the plurality of fibers form a woven fabric of filaments, the 

fabric having a warp and a weft, and the woven fabric forming the tortuous channels in the 

spacing between filaments.  

12. The bed of claim 11, wherein the woven fabric is packaged to form a contacting 

structure, optionally including spacers of between 50 micrometers and 500 micrometers.  

13. An adsorbent contactor, the contractor comprising 

a chamber comprising: 

a gas feed stream inlet and a gas feed stream outlet; 

a plurality of fibers; and 

tortuous channels between fibers of the plurality of fibers; 

wherein each of the fibers comprises a polymer filament and adsorbent particles 

dispersed within the filament, the adsorbent particles being in fluid communication with at least 

a portion of the tortuous channels of the adsorbent bed, 

wherein the plurality of fibers are randomly packed, spirally wound, or woven into a 

fabric; and 

wherein the contactor is a temperature swing adsorption contactor, and further comprises 

hollow tubes passing through the chamber, the hollow tubes having a heat transfer fluid inlet and 

a heat transfer fluid outlet, and a heat transfer medium therein.  

14. The contactor of claim 13, wherein the adsorbent contactor is a rapid cycle adsorbent 

contactor.  

15. The contactor of claim 13, wherein the polymer filament comprises a porous polymer 

having tortuous pathways within the porous polymer.  

16. The contactor of claim 13, wherein the adsorbent bed is a pressure swing adsorption bed.  

17. The contactor of claim 13, wherein the adsorbent content of the filaments is at least 10 

wt%.
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18. The contactor of claim 13, wherein the average filament diameter is less than 500 

micrometers.  

19. The contactor of claim 13, wherein the plurality of fibers forms a bed of non-woven 

randomly packed or spirally wound filaments, optionally supported on structural supports within 

the chamber, and the tortuous channels form between the randomly packed filaments.  

20. The contactor of claim 13, wherein the plurality of fibers form a woven fabric of 

filaments, the fabric having a warp and a weft, and the woven fabric forming the tortuous 

channels in the spacing between filaments and wherein the woven fabric is optionally packaged 

to form a contacting structure.  

21. The contactor of claim 20, wherein the contacting fabric includes spacers of between 50 

micrometers and 500 micrometers.  

22. A method of adsorbing a component of a medium within an adsorbent bed, the method 

comprising: 

contacting a medium with a plurality of fibers and tortuous channels between the fibers, 

each of the fibers comprising a polymer filament and adsorbent particles dispersed within the 

filament, the adsorbent particles in fluid communication with at least a portion of the tortuous 

channels of the adsorbent bed, and the plurality of fibers are randomly packed, spirally wound, 

or woven into a fabric wherein the process is a temperature swing adsorption process, and further 

comprises adjusting temperature in the adsorbent bed through hollow tubes passing through the 

adsorbent bed, the hollow tubes having a heat transfer fluid inlet and a heat transfer fluid outlet, 

and a heat transfer medium therein; and 

selectively adsorbing a component of the medium with the plurality of fibers.  

23. The method of adsorbing a component of a medium of claim 22, further comprising 

desorbing the component of the medium and optionally further comprising repeating the 

contacting and adsorbing.  

24. The method of adsorbing a component of a medium of claim 22, wherein the medium 

comprises flue gas, natural gas, fuel gas, bio gas, town gas, waste gas, water, coal gas, air, or a 

carbon dioxide containing medium.
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25. The method of adsorbing a component of a medium of claim 22, wherein the component 

is selected from C02, SOx, NOx, H2 S, and water.  

26. The method of adsorbing a component of a medium of claim 22, wherein the plurality of 

fibers forms a bed of randomly packed or spirally wound filaments optionally supported on a 

structural support.  

27. The method of adsorbing a component of a medium of claim 22, wherein the plurality of 

fibers forms a woven fabric of filaments, the fabric having a warp and a weft, and the woven 

fabric forming the tortuous channels in the spacing between filaments.  

28. The method of adsorbing a component of a medium of claim 22, wherein the method 

further comprises a pressure swing adsorption process.  

29. The method of adsorbing a component of a medium of claim 22, wherein the method is a 

rapid cycle adsorption process or a rapid cycle adsorption process with kinetic separation.
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