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(57) Abstract: The disclosure relate generally to structures, forms,
and monoliths, and methods of preparing the same. This disclosure
can produce uniform structured passageways or channels of active
material, including adsorbent or catalyst, by imprinting or molding
features into a paste on a support that can be subsequently as-
sembled into a gas or liquid treating structure, i.e. a monolith. The
paste, which can include an active material, binder, and other poten -
tial additives, can be applied to the support or pushed through a
support (as in a mesh) as a thin film. The paste can be imprinted,
stamped, shaped or otherwise handled to give features of desired
height, shape, width, and positioning. When stacked or rolled, the
features of one layer contact a subsequent layer, which seal to form
passageways. The resulting structure can have high cell-density
(>1000 cells per square inch) and a large volume fraction of active
material.
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HIGH CAPACITY STRUCTURES AND MONOLITHS VIA PASTE IMPRINTING

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the priority benefit of United States Provisional Patent
Application 62/077,977 filed November 11, 2014 entitled HIGH CAPACITY
STRUCTURES AND MONOLITHS VIA PASTE IMPRINTING, the entirety of which is

incorporated by reference herein.
TECHNICAL FIELD

[0002] The various embodiments of the disclosure relate generally to structures and
monoliths, prepared by coating a composite material onto a support, and layering supports
together to form a layered assembly or structure. The composite material can have an
active material in it, typically a catalyst or an adsorbent. The technology can be applied to

prepare monoliths for gas adsorption, medium separations, or catalytic processes.
BACKGROUND OF THE INVENTION

[0003] Numerous processes and devices rely on monolithic structures acting as
supports for a catalyst layer. Several methods are used to create the monolithic structures,
the two main routes being ceramic extrusion and spiral wound foils. Monoliths can be
created by extruding a ceramic to form a ceramic monolith having channels passing
through the body of the monolith structure. Monoliths can also be created from metal
foils, particularly corrugated metal foils, which are spiral-wound to form a support, and a
catalyst or adsorbent then coated down onto the support. This method is often hampered
by clogging or poor coating results when the structures or channels on a support become
too small. In other words, monolith microstructures can reach a size below which

applying the coating becomes impractical.

[0004] Moreover, the effectiveness of many processes is proportionate to the amount
of available surface area, particularly in catalysis or adsorption. Decreasing the size of
channels in a monolith leads to more surface area for reactivity, but there are limits to how
small the channels can become before coating becomes impractical. Moreover, processes
that require a significant amount of surface area of catalyst/adsorbent are typically
hindered by large pressure drops in the reactor. For example, rapid cycle swing adsorption

processes with extremely short cycle times typically require structured adsorbent beds
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(rather than randomly packed beds) to reduce the pressure drop in the bed. Laminar flow
in these systems can be ideal if the adsorbent can be aligned in a straight channel fashion.
Coating straight channel structures (e.g. monoliths) with adsorbent is one option, but

remains challenging due to the small size of the channels.
BRIEF SUMMARY

[0005] The various embodiments of the disclosure relate generally to structures having
layered supports and passageways between the supports. Active materials can be in the
layered supports. The structures can be monoliths, and can be used in catalysis and
adsorption processes, including gas adsorption processes such as pressure swing

adsorption and temperature swing adsorption.

[0006] An embodiment of the disclosure can be a structure comprising layered coated
supports and passageways between adjacent layered coated supports. Each layered coated
support can be a support having a first and second side, and a composite on at least the
first side of the support. The composite can include an active material, and can have
features in the surface of the composite. The passageways of the structure can be formed
by the contact of the features in a coating on the first side of a layered structure with a side

of an adjacent layered structure. The composite can also include a binder.

[0007] In some embodiments, the support can be a metal substrate. The support can
be a sheet, foil or mesh. The support can be coated with the composite material, and the
composite material can include active material. The active material can be a catalyst or

can be an adsorbent. In some embodiments, the active material can be a zeolite.

[0008] In some embodiments, the layered coated support can further include a
composite on the second side. Passageways can be formed at the contact of the features in
the coating on the first side of a coated support with a composite on the second side an

adjacent support.

[0009] An embodiment of the disclosure can include a structure that is a monolith.
The monolith can have passageways through its structure that are small, and can have cell
densities greater than current monolith technology. In some embodiments, the cell density
of the monolith can be at least 900 cpsi, or at least 1000 cpsi, or at least 1500 cpsi. In an
embodiment, when the features in the structure are channels, the distance between

channels is less than about 900 microns.

[0010] In some embodiments of the disclosure, the layered coated supports can be
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separate supports, and the passageways are formed at the contact of the first side of one
support with the second side of a separate support. In some embodiments, layered coated
supports can be a single coated support coiled in a spiral, and the passageways are formed
at the contact of the first side of the coated support with the second side of the coated
support.

[0011] An embodiment of the disclosure can be a structure including layered coated
supports and passageways between adjacent layered coated supports, where each layered
coated support includes a support having a first and second side, and a composite on at
least the first side of the support, and the composite includes an active material and
tortuous pathways through the composite for fluid communication of the adsorbent with
the passageways, and having features in the surface of the composite. The composite

further include a binder.

[0012] In some embodiments, the composite has a mesoporosity. The mesoporosity

can be at least about 15%, or at least about 20%.

[0013] In some embodiments, the composite can enclose some or all of the active
material. The composite can enclose at least about 15% of the active material, or at least

about 20% of the active material.

[0014] An embodiment of the disclosure includes a method for preparing the structure.
The method includes coating on a support having a first side and a second side a paste to
the first side; creating features in the paste; layering a first coated support with a second
coated support by contacting the paste on the first side of the coated support with a side of
the second coated support to form enclosed passageways; and calcining the layered

supports to form the structure.

[0015] In some embodiments, the side of the support is a second side of a support
coated with a thin layer of paste, and the enclosed passageways are formed by the contact
of the paste with features of the first support to the thin layer of paste on the second side of
the second support. The features can be created in the paste by imprinting, stamping,
molding, dragging or 3-D printing. A paste layer can be coated on the second side of the

support, and features can be created in the paste on the second side.

[0016] In some embodiments, the support can be a metal substrate. The support can
be a sheet, foil or mesh. In some embodiments, a paste can be coated onto the support.

The paste can include a binder and an active material. The active material can be a
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catalyst or can be an adsorbent. In some embodiments, the active material can be a

zeolite.

[0017] In some embodiments, the layering step can be layering a coated support onto a
separate coated support to form layers of coated supports. In some embodiments, the
layering step can include one or more coated supports coiled in a spiral such that the first
side of a support can contact the second side of a support to form the enclosed

passageways within a spiral structure.
BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Fig. 1 illustrates a structure and assembling of the structure, in accordance with

an exemplary embodiment of the disclosure.

[0019] Figs. 2A and 2B illustrate a coated support having linear features or channels,

in accordance with an exemplary embodiment of the disclosure.

[0020] Fig. 3 illustrates another coated support having stair-step or zigzag features, in

accordance with an exemplary embodiment of the disclosure.

[0021] Figs. 4A and 4B illustrates another coated support having features as pillars, in

accordance with an exemplary embodiment of the disclosure.

[0022] Fig. 5 illustrates a method for coating and imprinting features on a support, in

accordance with an exemplary embodiment of the disclosure.

[0023] Fig. 6 illustrates an array of layered coated supports to form a structure, in

accordance with an exemplary embodiment of the disclosure.

[0024] Fig. 7 illustrates another array of layered coated support to form a structure, in

accordance with an exemplary embodiment of the disclosure.

[0025] Fig. 8 illustrates a spiral winding of a coated support to form a coiled structure,

in accordance with an exemplary embodiment of the disclosure.

[0026] Fig. 9 illustrates layered coated supports, in accordance with an exemplary

embodiment of the disclosure.

[0027] Figs. 10A, 10B, and 10C provide three images of a coated support, in

accordance with an exemplary embodiment of the disclosure.

[0028] Figs. 11A and 11B provide images of a cross-sectional view of a coated

support, in accordance with an exemplary embodiment of the disclosure.
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[0029] Figs. 12A and 12B provide images of a coated support, in accordance with an

exemplary embodiment of the disclosure.

[0030] Fig. 13 provides an image of a spiral wound structure, in accordance with an

exemplary embodiment of the disclosure.

[0031] Fig. 14 provides another image of a structure, in accordance with an exemplary

embodiment of the disclosure.
DETAILED DESCRIPTION

[0032] 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 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 terminology will be

resorted to for the sake of clarity.

[0033] It must also be noted that, as used in the specification and the appended claims,

(13 29 <
a

the singular forms an” and “the” include plural referents unless the context clearly

dictates otherwise.

[0034] 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.

[0035] 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.

[0036] By “comprising” or “comprises” 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.

[0037] It is also to be understood that the mention of one or more method steps does
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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
onc or more components in a device or system does not preclude the presence of
additional components or intervening components between those components expressly

identified.

[0038] The disclosure includes a structure that comprises layers of coated supports,
and passageways between the layers. The disclosure also includes a method for preparing,
or a method for constructing, the structures, which allows for the design of features in the
layers of paste, which creates the passageways in the structure. The structure can be
applied to a variety of technologies, including catalysis and adsorption processes, and can
incorporate a variety of features as further discussed herein. An example of a structure is a

monolith, which can be applied to a variety of these technologies.

[0039] One aspect of the disclosure is a composite in the structure or monolith, and the
paste used to produce the composite. As discussed further below, a paste can be coated
onto a support, dried, and optionally further processed to produce the composite. The
paste can contain an active material and solvent, and optionally a binder. By virtue of the
drying process, the composite can contain an active material. The composite can further
include a binder. The active material can typically be an adsorbent or a catalyst. More
than one active material can be included in the composite, and the more than one active
material can be applied in the same section of the support, and uniformly throughout the
structure. Alternatively, the more than one active material can be applied to different
sections of the support, such as in composites or pastes on different sides of a support.
The composite may or may not also contain residual solvent. The paste and composite in
this disclosure contain high loadings or volume fractions of active material, and thereby
can produce high capacity monoliths that are not attainable using traditional coating

technologies.

[0040] In some embodiments, the composite or paste can include an active material.
The active material can be an adsorbent or a catalyst. For adsorbents, any adsorbent
applicable in gas separation or medium separation technology can be used. 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
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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.

[0041] 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.

[0042] 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.

[0043] 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 may influence the adsorption
loading of a component of the medium. The adsorbed component can be later desorbed

from the adsorbent material.

[0044] 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

7
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heat exchanger, among others, which are in intimate association with the adsorbent

material.

[0045] Adsorption and desorption of a component in PSA occurs because adsorption
of gases in a medium increases with at increasing pressure. Different gases tend to have
different adsorption coefficients with different substrates, so a mixture of gases can be
passed through at 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.

[0046] 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.

[0047] 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,

cffectiveness and efficiency of adsorption, and capacity for a gas in the process.

[0048] 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, from a gas stream. 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, mordenite, silicalite, chabasite, faujasite,

and variations of these frameworks.

[0049] In some embodiments, the active material in the composite or paste can be a
catalyst. The catalyst can be any material applicable to a catalytic process, including for
example chemical processes such as catalytic conversion, isomerization, polymerization,
or other reaction. The catalysts in the composites and monoliths of this disclosure can be
used to catalyze a wide variety of organic compound conversion processes including many
of present commercial/industrial importance. Examples of chemical conversion processes

effectively catalyzed by the crystalline material of this invention, by itself or in
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combination with one or more other catalytically active substances including other
crystalline catalysts, can include those requiring a catalyst with acid activity. Specific

examples can include, but are not limited to:

(a) alkylation of aromatics with short chain (C,-Ce) olefins, e.g., alkylation of
ethylene or propylene with benzene to produce ethylbenzene or cumene respectively, in
the gas or liquid phase, with reaction conditions optionally including one or more of a
temperature from about 10 °C to about 250 °C, a pressure from about 0 psig to about 500
psig (about 3.5 MPag), a total weight hourly space velocity (WHSV) from about 0.5 hr" to

about 100 hr, and an aromatic/olefin mole ratio from about 0.1 to about 50;

(b) alkylation of aromatics with long chain (C;o-Cyo) olefins, in the gas or liquid
phase, with reaction conditions optionally including one or more of a temperature from
about 250 °C to about 500 °C, a pressure from about 0 psig to 500 psig (about 3.5 MPag),
a total WHSV from about 0.5 hr”' to about 50 hr', and an aromatic/olefin mole ratio from

about 1 to about 50;

(c) transalkylation of aromatics, in gas or liquid phase, e.g., transalkylation of
polyethylbenzenes and/or polyisopropylbenzenes with benzene to produce ethylbenzene
and/or cumene respectively, with reaction conditions optionally including one or more of a
temperature from about 100 °C to about 500 °C, a pressure from about 1 psig (about 7
kPag) to about 500 psig (about 3.5 MPag), and a WHSV from about 1 hr”' to about 10,000
hr';

2

(d) disproportionation of alkylaromatics, e.g., disproportionation of toluene to
produce xylenes, with reaction conditions optionally including one or more of a
temperature from about 200 °C to about 760 °C, a pressure from about 1 atm (about 0 psig)
to about 60 atm (about 5.9 MPag), a WHSV from about 0.1 hr'' to about 20 hr', and a
hydrogen/hydrocarbon mole ratio from 0 (no added hydrogen) to about 50;

() dealkylation of alkylaromatics, e.g., deethylation of ethylbenzene, with
reaction conditions optionally including one or more of a temperature from about 200 °C
to about 760 °C, a pressure from about 1 atm (about 0 psig) to about 60 atm (about 5.9
MPag), a WHSV from about 0.1 hr' to about 20 hr™', and a hydrogen to hydrocarbon mole
ratio from 0 (no added hydrogen) to about 50;

(f) isomerization of alkylaromatics, such as xylenes, with reaction conditions

optionally including one or more of a temperature from about 200 °C to about 540 °C, a
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pressure from about 100 kPaa to about 7 MPaa, a WHSV from about 0.1 hr' to about
50 hr", and a hydrogen/hydrocarbon mole ratio from 0 (no added hydrogen) to about 10;

(g) reaction of paraffins with aromatics, e.g., to form alkylaromatics and light
gases, with reaction conditions optionally including one or more of a temperature from
about 260 °C to about 375 °C, a pressure from about 0 psig to about 1000 psig (about 6.9
MPag), a WHSV from about 0.5 hr'' to about 10 hr, and a hydrogen/ hydrocarbon mole
ratio from 0 (no added hydrogen) to about 10;

(h) paraffin isomerization to provide branched paraffins with reaction conditions
optionally including one or more of a temperature from about 200 °C to about 315 °C, a
pressure from about 100 psig (about 690 kPag) to about 1000 psig (about 6.9 MPag), a
WHSV from about 0.5 hr' to about 10 hr, and a hydrogen to hydrocarbon mole ratio
from about 0.5 to about 10;

(1) alkylation of iso-paraffins, such as isobutane, with olefins, with reaction
conditions optionally including one or more of a temperature from about -20 °C to about
350 °C, a pressure from about 0 psig to about 700 psig (about 4.9 MPag), and a total olefin
WHSYV from about 0.02 hr'' to about 10 hr'';

(j) dewaxing of paraffinic feeds with reaction conditions optionally including one
or more of a temperature from about 200 °C to about 450 °C, a pressure from about 0 psig
to about 1000 psig (about 6.9 MPag), a WHSV from about 0.2 hr™" to about 10 hr'', and a

hydrogen/hydrocarbon mole ratio from about 0.5 to about 10;

(k) cracking of hydrocarbons with reaction conditions optionally including one or
more of a temperature from about 300 °C to about 700 °C, a pressure from about 0.1 atm
(about 10 kPag) to about 30 atm (about 3 MPag), and a WHSV from about 0.1 hr' to
about 20 hr'';

(1) isomerization of olefins with reaction conditions optionally including one or
more of a temperature from about 250 °C to about 750 °C, an olefin partial pressure from

about 30 kPa to about 300 kPa, and a WHSV from about 0.5 hr'' to about 500 hr''; and

(m) a hydrocarbon trap (e.g., pre-catalytic converter adsorbent) for cold start

emissions in motor vehicles.

[0050] In some embodiments, the paste and the composite in the disclosure can each
further include a binder. The binder can be any binder applicable to preparing a structure.

In an embodiment, the binder can be alumina, inorganic and organic polymers, silica. In

10
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some embodiments, the paste can include additional materials and additives. In one
embodiment, the paste can also include a polymer, particularly a cellulosic polymer, which
can be removed later during processing and calcination. Removal of the polymer during
processing can produce a porous composite, i.e. a composite that contains pores,
specifically mesopores within the composite. In another embodiment, an inorganic
additive, such as sodium silicate, can be included. Calcination of the composite can

integrate the additive into the structure as a binding agent.

[0051] Other aspects of the composites and pastes are characterized further below.
With the composite and paste initially described, the method for preparing the monoliths

can be described in more detail.

[0052] A method for preparing a monolith is disclosed, including the steps of coating a
support, creating features in the support, layering supports together and drying the support
to form the monolith. In an embodiment, the method can include the steps of coating, on a
support having a first side and a second side, a paste on the first side of the support,
creating features in the paste, layering a first coated support with a second coated support
by contacting the paste on one side of the coated support with one side of the second
coated support to form enclosed passageways, and drying the layered supports to form the

monolith.

[0053] Figure 1 provides a general scheme for the method of preparing a monolith and
the resulting monolith itself. A support 101 can be coated with the paste 102. Features
103 can be created in the paste 102. In Figure 1, the features 103 do not completely
remove the paste 102, but this thin layer is not necessarily required. In instances where
the support 101 is a mesh, some portion of the paste can be embedded within the support,
while foil supports can have a thin layer between features. The coated supports can then
be layered upon each other to form a structure 110 having passageways 104 that are

created by the contact of two layered coated supports.

[0054] In an embodiment, coating the paste 102 can be on only one side of the support
101, or on both sides of the support, as shown for paste 105. In some embodiments, the
paste on the second side can be a thin coating. In other embodiments, the paste can be a
thicker coating. In some embodiments, the paste 105 can also have features created in the
coating. In an embodiment, coating the paste can also be on the second side of the
support, and the enclosed passageways are formed by contacting of the paste with features

of the first support to the paste on the second side of the second support. In some
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embodiments, a support can be used that allows the application of the paste on one side to
establish a coating layer on both sides, such as for example, by applying a paste to one
side of a mesh support such that a portion of the paste passes through the mess and onto

the opposite side of the support.

[0055] The step of coating the support can be by any method known to one of ordinary
skill in coating a paste onto a support. In an embodiment, the paste can be applied by

knife coating, roll coating, dip coating or spray coating.

[0056] The features created in the paste can determine the nature and shape of
passageways created in the final monolith. Features can be any shape that can be created
in a paste. In an embodiment, the feature can be a groove that traverses the paste in a
direction roughly parallel to the surface of the support. The groove can include any
groove, and can be linear, non-lincar, wavy, sinusoidal, zig-zagged, or stair-stepped.
When the feature is a groove, the cross-sectional shape of the groove, i.e. the shape of the
groove when viewed as a cross-section perpendicular to the surface of the support, can
also be described. Generally, the groove can be any shape that can be applied to a paste,
including a cross-sectional shape of a square, a triangular, or a sloped valley, or a shape
that is generally parabolic. A representation of a linear groove is shown in Figure 2a, and
its cross-sectional view is shown in Figure 2b. A stair-stepped groove is shown in Figure
3.

[0057] The feature does not need to be a groove, but can include other structures such
as hills, mesas, pillars, cylinders, mounds, or cones. In a nonlimiting example, a feature
created in the paste could be a series of pillars placed at regular intervals such that the
pillars form a grid design, with the pillars of paste having a height greater than the
surrounding paste. A representation of features as a series of pillars in a grid pattern is
shown in Figure 4a, and its cross-sectional view is shown in Figure 4B. Any grid pattern

of pillars can be created in the composite.

[0058] Creating the features in the paste can be by any method known to one of
ordinary skill. The features can be created by imprinting the feature into the paste,
stamping the feature into the paste, molding the paste to create the feature, dragging
through the paste to create the features, or rolling the paste with device having the feature.
For example, as shown in Figure 5, the features can be created by coating a paste 501 on a
support 502, then longitudinally passing the support first through a roller 503 to flatten and

spread the paste, then through an imprinting roller 504 with axial features to create the
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desired imprinted structure. Similarly, imprinting rollers with circumferential features can
roll transversely across the support. In another example, the paste can be applied to a
support, and then a mold can be pressed into the paste and removed to create the features
of the mold on the paste. In an example with a mesh support, the paste can be pressed
through the mesh and into a mold on the opposite side to create the features in the paste.
In another example, the features can be created by injecting paste to a mold that
incorporates the support. The features can also be created by stamping presses and dies, or
by creating a paste layer having features in it using a 3-D printing technique. The ability
to prepare features to the paste using a mold or stamp, or by creating features using a 3-D
printing technique, thus provides access to shapes, patterns and structures, including
different levels of complexity that cannot be accessed by traditional monolith

technologies.

[0059] The steps of coating the support and creating features in the support can occur
in any order or simultaneously. Because the support can be included in part of a mold or
created using a 3-D printing technique, can in some instances occur simultanecously.
Similarly, features can be created in a paste first, and then the paste applied to a support,

e.g. a paste applied in a mold, and then the support layered into the paste of the mold.

[0060] The step of coating the paste on to the support and creating features in the
support do not necessarily represent separate steps, and can occur concurrently, or in any
order. In one non-limiting example, the paste can be applied to a support while at the
same time imprinting the features into the paste, such as, but not limited to, with an
engraved roller (such as by gravure coating), in a rotary screen printing system, or by
injecting a paste into a mold containing the support. In another embodiment, the paste can
be applied with a 3-D printer which would create the paste and features simultaneously.
In yet another embodiment, the features could be created in the paste with a mold first, and
then the support applied to the paste while in the mold or during the removal from the

mold.

[0061] After coating the support with the paste and creating the feature in the paste,
the coated supports can be layered together to form a layered assembly. The layered
assembly before drying can be termed a green monolith, an undried monolith, an
uncalcined monolith, or a monolith precursor. In an embodiment, layering the coated
supports can be layering a first coated support with a second coated support. The features

in the first coated support can contact the second coated support to form passageways
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between the layers. When the feature is a groove, the passageways can be channels, and
the method can include layering a first coated support with a second coated support by
contacting the paste on the first coated support with the second coated support to form

channels.

[0062] In some embodiments, the layering step can further include layering the first
coated support with a second coated support, where the second side of the support is also
coated with a thin layer of paste and the passageways are formed by the contact of the
paste with grooves of the first support to the thin layer of paste on the second side of the
second support. In an alternate embodiment, the layering step can include layering the
first coated support with a second coated support, where the second side of the support is
not coated with a thin layer of paste, and the passageways are formed by contract of the
paste with the grooves of the first support to the uncoated second side of the second

support.

[0063] The layering step above can occur in an standard stacking pattern, where the
first side of a first support is contacted with a second side of a second support. In such an
standard stacking pattern, represented schematically in Figure 6, the first side of a first
coated support 601 would be layered with the second side of a second coated support 602,
then the first side of the second coated support 602 would be layered with the second side
of a third coated support, and so forth, to produce a structure 603.

[0064] However, other layering orders may also be conducted. For example, an
alternating stacking pattern could be created. In a nonlimiting example, represented
schematically in Figure 7, the first side, i.e. the side with features, of a first coated support
701 could be layered with the first side, also with features, of a second coated support,
702, the second side of the second coated support 702 would be layered with the second
side of a third coated support, then the first side of the third coated support would be
layered with a first side of a fourth coated support , and so forth, to form structure 703,
when the features, e.g. channels in Figure 7, are aligned, or 704, when the features, e.g.

channels in Figure 7, are offset.

[0065] In some embodiments, the features can also be created in the coating on the
second side of a support, including any of the features discussed for the first side of a
support. The features of one support can then be combined with the features of another
support to produce passageways within the structure that might not necessarily be

producible in a single coating. In a nonlimiting example, the coating on a first side of a
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first support could have created in it linear channels, and the coating on the second side of
a second support could have created in it linear channels. The two supports could be
layered together such that the linear channels in each surface run parallel to each other.
Alternatively, the two supports could be layered together such that the linear channels in
each surface run perpendicular to each other. Similarly, the channels on two supports can

be offset at any angle between 0 (parallel) and 90 degrees (perpendicular).

[0066] After the layered supports are formed, the layered assembly can be dried to
form a dried assembly. The dried assembly can then be further processed to secure the
layered coated supports together. Additional steps can be calcining, brazing, gluing, or
other methods used to secure the supports into a fixed assembly. In an embodiment, the
dried assembly can also be calcined. The calcining step can occur as a single step of
drying and calcining, or the drying step can be conducted separately. Additional post-
drying treatment or modification could optionally be conducted prior to the step of
calcining. The drying step can generally be conducted at 120 °C or higher. The calcining
step generally can be conducted at temperatures above 300 °C. In a nonlimiting example,
a layered assembly could be dried about 120 °C for 5 hours, then the temperature ramped
up slow over several hours to prevent cracking, for example 1-2 °C/min, and the assembly

then calcined at between 400 °C to 700 °C for 5 hours to produce the monolith.

[0067] The layering step can include a first and a second coated support. Those coated
supports to be layered together can be two separate supports, such as two separate sheets
or foils that are coated separately and then layered together, as shown in Figure 1. Thus,
in an embodiment, the layering step can be layering the first coated support with a separate
coated support to form layers of coated supports. Alternatively, the coated supports can be
part of one long coated support 801, and the layering can occur by coiling the coated
support into a spiral shape 802, which brings the first side of the coated support into
contact with the second side of the same coated support, as shown schematically in Figure
8. The sections of the coated support that are in contact with each other are then separated
linearly along the length of the support by the distance required to make a completed
spiral, e.g. approximately 27r, where r is the radius of the coiled spiral at the point of
contact being measured. Thus, in an embodiment, the layering step can be a single coated
support coiled in a spiral such that the first side of the support can contact the second side
of the support to form the enclosed passageways within a spiral structure. The layering

step can also include a single support that is folded onto itself, or a single support that is
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wound in a serpentine manner. In addition, more than one support could be layered
together and then wound or folded. In an embodiment, two coated supports could be

layered together and then coiled into a spiral.

[0068] In some embodiments, the same composite or paste can be used throughout a
structure. However, because the coating of the paste can be controlled, structures having
different types of composites or pastes can be created. For example, the coating on
alternating faces of a support could be of different thicknesses. The coating on alternating
faces of a support could include different active materials in each layer. Two supports
could be layered together, each having a different paste on the support. The structures can
then have more than one composite within the structure, and more than one active material

within the structure.

[0069] With the method for creating the structure described above, the structure of the
disclosure can also be described. The disclosure provides for a structure that can include
layered supports and passageways between the layered supports. The layered coated
supports can include a support having a first side and a second side, and a composite on at
least one side. The composite can include a binder and an active material, preferably an
adsorbent or a catalyst. The composite can have features in the composite. The
passageways of the monolith can be formed at the contact of the features of the composite

on the first side of a coated support with a side of an adjacent coated support.

[0070] In one embodiment, when the features are grooves, the resulting passageways
are channels. The disclosure for a structure can then be layered supports and channels
between the layered supports, the layered supports including a support having a first side
and a second side, and a composite on at least one side, where the composite can include a
binder and an active material. The composite can have grooves running laterally through
the composite. The channels of the structure can be formed at the contact of the grooved

composite on the first side of a coated support with a side of an adjacent coated support.

[0071] The coated supports can include any support suitable for construction and
operation in these structures. In an embodiment, the support can be a sheet, a foil, a mesh,
or a corrugated material. In one embodiment, the support can be a mesh or a corrugated
material. A mesh substrate can be particularly suitable as a support. Mesh can provide an
advantage because, when coated with a paste that forms the composite, the mesh can be
integrated into the composite, forming a mixed material. The composite with the mesh

can then be stronger rather than a composite by itself, similar to how rebar reinforces
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concrete. Mesh can also provide an advantage because the paste can be pushed through
the mesh, forming a layer of paste on the opposing side of the mesh, which can produce a

more flexible substrate which can be rolled into a monolith or other structure.

[0072] The support can also be composed of any type of material suitable for the
purpose. In an embodiment, the support can be a metal substrate, a fiber substrate, or a
fabric substrate, preferably a metal substrate. The substrate can also include wires or
strings. Metal substrates can be particularly suitable as the metal can increase the heat
capacity attained by the structure during operation, unlike traditional ceramic monoliths
that do not maintain temperature as easily. The support material can be thermally and/or
electrically conductive, allowing internal heating (e.g. electrical resistive heating) of the
structure via the metal substrates. By using sheets, foils or meshes, the layered substrate
can be more flexible as well, allowing for winding or bending that can form spiral wound

shapes and other non-planar forms, as well as simple layering to form a stacked assembly.

[0073] The coated support can include a composite on at least a first side of the
support. The coated support can also include a composite on at least the second side. In
an embodiment, the coated support can include a composite on a first and a second side of
the support. The coated support can include features in the composite on either of the first

or second sides, preferably at least in the composite on the first side.

[0074] The passageways for the structure then can be formed at the contact of the
composite having features on one side of a support with a side of an adjacent support. The
contact of the layered structures can be in a standard stacking pattern, as discussed above.
In a nonlimiting example, the first side of a first coated support contacts the second side of
a second coated support, then the first side of the second coated support contacts the
second side of a third coated support, and so forth. The contact of the coated supports can
also be in other patterns. In a nonlimiting example, an alternating stacking pattern can be
created, where the first side of a first coated support contacts the first side of a second
coated support, the second side of the second coated support contacts the second side of a
third coated support, then the first side of the third layered structure contacts a first side of
a fourth coated support, and so forth.

[0075] The features and passageways of the disclosure can include many different
shapes and patterns. The features can be described as grooves, and the passageways that
result from the grooves can be described as channels. One example is a linear groove,

which can then result in a linear channel, analogous to traditional monolith technology.
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However, the grooves and channels do not need to be linear, but can include shape. The

groove or channel can be non-linear, wavy, sinusoidal, zig-zagged, or stair-stepped.

[0076] The composite can include any feature that can be created in a paste or
composite. Due to the ability to mold and form patterns in the paste which dries to form
the composite, any variety of shape can be included in the monolith. The feature does not
need to be a groove, but can be other structures such as hills, mesas, pillars, cylinders,
mounds, or cones. In a nonlimiting example, a composite could have a series of pillars
placed at regular intervals such that the pillars form a grid design, with the pillars of

composite having a height greater than the surrounding composite.

[0077] When features are formed in the composite or paste, the feature need not be
continuously patterned throughout composite, but can instead be designed to construct
monoliths with different flow shapes. For example, two coated supports can be created
that have complementary channels created in sides that, when placed in contact produce a
particular flow pattern. Morcover, the features need not provide a clear flow path through
the structure. In a nonlimiting example shown in Figure 9, a structure 901 can include
passageways 902 that terminate at a wall 903. The wall 903 can be a porous substrate that
can act as a ceramic filtration device or as a short pathway across an active material.
Structure 901 can be created by molding or creating the channels and wall in a paste on
support, and stacking supports according to a traditional stacking method. Alternative,
structure 901 can be created by preparing two coated supports 904 and 905 which are

layered together in a face to face manner to create the structure 901.

[0078] When two layers are in contact with each other, the distance between the
supports for those two layers is bridged by the composite. In an embodiment, the
monolith can have an average distance between layers, measured as the distance between
two adjacent supports, and averaged for the monolith. In an embodiment, the average
distance can be at least about 100-2000 microns. In some embodiments, the distance can
be between about 1000-2000 microns. In other embodiments, the distance can be between
about 100-1000 microns, from about 200-800 microns, from about 300-600 microns or
from about 400-500 microns. The distance can be greater than 100 microns, greater than
200 microns, or greater than 300 microns. The distance can be less than 1000 microns,

less than 800 microns, less than 700 microns, or less than 600 microns.

[0079] The method and the structures of this disclosure provide many potential

advantages over the two main routes for manufacturing monoliths ( i.e. ceramic extrusion
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or spiral-winding foils), both of which require a coating step in most cases. Extrusion of
ceramics requires a die, where the features of the die shape the channels as the ceramic is
extruded. Fabrication of dies for very small channels, and the working life of such dies,
presents one type of limitation. Further, when the ceramic is extruded from a small feature
die, the thin walls of the resulting extruded structure are thin and weak and are thus subject
to slumping and deformation. Also, although extrusion of a monolith made purely from
active material is possible, these lack often suitable mechanical strength. Wash coating

high cell-density monoliths is challenging and is rarely practiced at densities >900cpsi.

[0080] When larger particles are used or thicker coatings are desired, several
additional challenges arise. For example the channels can be plugged by the larger
particles due to large particles bridging across channels. The channels can also be plugged
due to the multiple coating steps required for a thick coating and capillary forces that limit

effective or thorough coatings.

[0081] This disclosure addresses these challenges by forming the passageways, using
features in the adsorbent paste, into the desired thickness and shape. These can be
controlled by choice of the appropriate template/mold. This allows for a higher density of
active material per unit volume because less material is needed as compared to a coated
monolith. This disclosure can have application in catalytic/adsorbent processes where
diffusion into the active material is a limitation, where relatively lower pressure drop is
needed, or where higher packing densities of adsorbent is beneficial. Structures, including
monoliths, according to the disclosure can also be created that operate under laminar flow
conditions, such as with linear channels. However, structures can also be designed that

disrupt laminar flow to produce conditions similar to turbulent flow.

[0082] This disclosure overcomes the issues with traditional monoliths because there
is no required coating step after formation of the small channels, and the process is not as
sensitive to particle size. Additionally, the imprinted features do not support the weight of
the overall structure because the support is part of the structure. So unlike extruded
structures, the imprinted coated supports will not deform when it is still wet and
conformable. The imprinted supports can be semi-rolled or completely rolled in the wet
state, which can reduce the amount of stress the dried sheet is subjected to upon rolling.
Finally, imprinting allows for an array of features in the surface beyond the linear channels
currently available for extruded monoliths. For example, the shape of channels can be

redesigned to provide, for example, wavy channels. Moreover, non-channel features can
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be selected instead, such as for example mesas, pillars, cylinders, mounds, or cones, which

allow for new designs not attainable in traditional extruded or coiled monoliths.

[0083] Due to the features that can be constructed in the paste and the passageways
that can be designed for the composite, the structures and monoliths disclosed can attain
higher cell densities than current monolith technology. The cell density of the monolith
can be at least about 900 cpsi, or at least about 1000 cpsi. In an embodiment, the cell
density can be at least about 1200 cpsi, at least about 1500 cpsi, at least or at least about
2000 cpsi. In some embodiments, the cell density can be at least about 2500 cpsi, at least
about 3000 cpsi, at least about 3500 cpsi, at least about 4000 cpsi, at least about 4500 cpsi,
or at least about 5000 cpsi. However, while the disclosure allows for access to much
higher capacities and increased cell densities, the disclosure is not limited to only those
smaller features. Monoliths with lower cell densities can be created, including with

densities between about 100 to 900 cpsi.

[0084] When the passageways in the structure are channels, the structure can also be
described based on the distance between the channels. Current extruded monoliths can be
limited by the size of the die and the requirement for extruding material, and limited by the
ability to pass a coating solution through the channel. This disclosure is not limited by
these formation issues or capillary action problems. Channels in the structure can be
created where the distance between channels is less than about 900 microns. The distance
between channels can be at least about 800 microns, at least about 700 microns, at least
about 600 microns, or at least about 500 microns. The distance between channels can also
be greater than 50 microns, greater than 75 microns, or greater than about 100 microns.
The distance between channels can be between about 50 to 900 microns, between about 50
to 800 microns, or between about 50 to about 700 microns. The distance between the
channels can be about 100 microns to about 900 microns, about 100 microns to about 800
microns, or about 100 microns to about 700 microns. While the disclosure allows for
access to smaller channel sizes, the disclosure is not limited to only those smaller

channels, and monoliths can be created with distances between about 900 um to 2000 pum.

[0085] As discussed above, the composite can include an active material. The
composite can further include a binder. The composite can have active material
throughout the composite. And the composite can have more than one active material.
The active material does not need to be at the surface of the composite, unlike typical

monoliths where the material is coated only on the exterior surfaces of the monolith.
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Some amount of active material can be enclosed within the composite, meaning the
amount of active material not directly exposed at the surface of a composite. In an
embodiment, at least about 5% of the active material can be enclosed within the composite
of the layered structure. The amount of active material enclosed within the composite of
the layered structure can be at least about 10%, at least about 15%, or at least about 20%.
The amount of active material enclosed within the composite can be up to about 100% of

the active material.

[0086] However, despite being enclosed within the composite, the active material can
be in fluid communication with the passageways in the structure, even when enclosed
within the composite. The paste and process conditions can be selected to design a
composite having a porous character, herein referred to as mesoporous, that can allow the
active material within the composite to interact with the passageway. The nature of the
mesoporosity in the composite provides for tortuous pathways within the composite. As a
result, the active material can be in fluid communication with the passageways of the
structure. The composite can have a mesoporosity of at least about 10%, at least about
15%, or at least about 20%. The mesoporosity can be up to about 90%, up to about 85%,
or up to about 80%. The porosity can be about 15-85%, or about 20-80%. Thus, in an
embodiment, the composite can be porous, e.g. mesoporous, and having tortuous pathways
through the composite. In an embodiment, composite can include a binder, an active
material, and mesopores within the composite. In an embodiment, composite can include
a binder, an active material, and tortuous pathways through the composite for fluid

communication of the adsorbent with the passageways.

[0087] Because the composite includes the active material within its structure, the
amount of active material in a structure can be higher than traditional monoliths, where the
active material was only coated on the surface to the structures. This increase leads to
higher loadings of active material in this disclosure, and therefore higher capacity
monoliths. The amount of active material loaded in the structure can be described as the
weight of active material per weight of paste, where the range can be between 10 and 60%
w/w of active material in the paste, for example at least about 15%, at least about 20%, at
least about 25%, at least about 33%, at least about 40% or at least about 50%. The amount
of active material loaded in structure can be described as the weight of active material per
weight of composite, where the range can be between 20 to up to 100% w/w of active

material in the composite, including at least about 25%, at least about 33%, at least about
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40%, at least about 50%, at least about 66% or at least about 75%.

[0088] 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.

[0089] 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.

Examples:

[0090] Example 1: A coating method is demonstrated. Flat stainless steel foil
(316 SS) was cleaned with a 10% bleach solution and calcined in air at 500 °C for 4
hours. After calcination, a thin coating (1-2 um) of Zirconium-based primer (80% Aremco
Ceramabond 685-N, 20% H»O by weight) was applied to the surface of the foil via spray
coating. The primer was allowed to set by heating the sample to 250 °F for 4 hours in air.
The foil was then held flat and a thin layer of paste was applied to the surface. The paste
contained a zeolite, colloidal silica binder, sodium silicate, water, and methyl cellulose
polymer. The paste was allowed to briefly set (very slight drying). Then a piece of
corrugated SS foil was treated with a release agent (e.g. WD40) and subsequently pressed
into the thin layer of paste. The corrugated foil was then removed from the paste, leaving
behind the inverse features of the corrugated foil. After air drying, the imprinted structure

was then calcined at 400 °C for 4 hours.

[0091] The final layered structure is shown in Figures 10A, 10B and 10C. The
structure was embedded in a polymer resin to obtain images of the cross-section of the
structure, shown in Figures 11A and 11B (air bubbles in the image are from the polymer

resin used to prepare the cross-sectional image).

[0092] Example 2: A coating method is demonstrated. A corrugated SS foil was
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placed flat on a surface and treated with a release agent (e.g. WD40). Next a piece of
oxidized and primed mesh, with same pretreatment as for the flat foil in Example 1, was
placed directly on top of the corrugated foil. The paste from Example 1 was pressed
through the mesh (similar to silk screening), and the paste filled the corrugations of the
underlying foil while simultaneously coating the mesh. Upon drying, the mesh was lifted
from the corrugated foil (the “mold”), and the imprinted features remain on the mesh.
This integrated ceramic/metal structure can undergo bending to a degree required for
rolling into a monolith, Figure 12A. Further, the ceramic is completely integrated into the
mesh, and can be seen encasing the mesh when embedded and viewed at the cross-
sectional image in Figure 12B. For purposes of scale, the dots in the cross-sectional image

are the mesh wires with a 40um diameter.

[0093] Example 3: An example of construction of a structure is demonstrated. A
structure from Example 2 was fabricated to dimensions of 6” x 60”. This was then
calcined at 700 °C for 4 hours. The leading edge of the coated foil was tack-welded to an
arbor of ’2” diameter. This arbor has screw holes in both ends so that it can be assembled
into a winding device. The foil and arbor was assembled into the winding device such that
the molded features of the substrate were pointing down, and the flat side facing upwards.
Tension was applied to keep the substrate taught. The substrate was then saturated with
water so the subsequent paste would not dry quickly when applied to the exposed flat side.
A thin layer of paste of the same composition from Example 2 was applied to the exposed
face of the foil as the foil was wound around the arbor. The resulting structure was then
allowed to dry in air for 10 hours and then slowly heated in an oven ramped to 200 °F over
5 hours. Finally, the structure was then calcined at 700 °C for 4 hours. An image of the

spiral structure is shown in Figure 13.

[0094] Figure 14 shows an alternate structure where a thin layer of composite can be

used to glue together two supports.
EMBODIMENTS

[0095] Additionally or alternately, the disclosure can include one or more of the

following embodiments.

[0096] Embodiment 1: A structure comprising layered coated supports and
passageways between adjacent layered coated supports, wherein each layered coated

support comprises a support having a first and second side, and a composite on at least the
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first side of the support, the composite comprising an active material, and having features
in the surface of the composite; and the passageways being formed at the contact of the
features in a coating on the first side of a layered structure with a side of an adjacent

layered structure. The composite can further comprise a binder.

[0097] Embodiment 2: A monolith comprising layered coated supports and channels
between adjacent layered coated supports, wherein each layered coated support comprises
a support having a first and second side, and a composite on at least the first side of the
support, the composite comprising an active material, and having grooves in the surface of
the composite; and the channels being formed at the contact of the grooves in a coating on
the first side of a layered structure with a side of an adjacent layered structure. The

composite can further comprise a binder.

[0098] Embodiment 3: A method for preparing a structure or monolith, the method
comprising coating, on a support having a first side and a second side, a paste to the first
side; creating features in the paste; layering a first coated support with a second coated
support by contacting the paste on the first side of the coated support with a side of the
second coated support to form enclosed passageways; and calcining the layered supports

to form the structure or monolith.

[0099] Embodiment 4. The structures, monoliths, or methods of one of the previous
embodiments, wherein the support comprises a metal substrate, or the support comprises a

sheet, foil or mesh.

[0100] Embodiment 5. The structures, monoliths, or methods of one of the previous
embodiments, wherein the active material comprises a catalyst or adsorbent, or wherein

the active material comprises a zeolite.

[0101] Embodiment 6. The structures, monoliths, or methods of one of the previous
embodiments, wherein the cell density of the monolith is at least 900 cpsi, or at least
1000 cpsi, or at least 1500 cpsi, or wherein the features are channels, and the distance
between channels is less than about 900 microns, or less than about 800 microns, or less

than about 700 microns, or less than about 600 microns, or less than about 500 microns.

[0102] Embodiment 7. The structures, monoliths, or methods of one of the previous
embodiments, wherein the layered coated support comprises a composite or paste on the
second side, or wherein the passageways are formed at the contact of the features in the

coating on the first side of a coated support with a composite or paste on the second side
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an adjacent support.

[0103] Embodiment 8. The structures, monoliths, or methods of one of the previous
embodiments, wherein the layered coated supports comprises separate supports, and the
passageways are formed at the contact of the first side of one support with the second side

of a separate support.

[0104] Embodiment 9. The structures, monoliths, or methods of one of the previous
embodiments, wherein the layered coated supports comprises one or more coated supports
layered together, coiled in a spiral, and the passageways are formed at the contact of the

first side of the coated support with the second side of the coated support.

[0105] Embodiment 10. The structures, monoliths, or methods of one of the previous
embodiments, wherein a paste layer is coated on the second side of the support, and

features are created in the paste on the second side.

[0106] Embodiment 11. The structures, monoliths, or methods of one of the previous
embodiments, wherein features in the coating or composite can be created by imprinting,
stamping, molding, dragging or 3-D printing to form the features in the paste, and

subsequent drying and/or calcining to produce the features in the composite.

[0107] Embodiment 12. The structures, monoliths, or methods of one of the previous
embodiments, wherein the composite has tortuous pathways through the composite for
fluid communication of the adsorbent with the passageways. The composite can have a
mesoporosity of at least about 10%, at least about 15%, or at least about 20%, and up to

about 90%, up to about 85%, or up to about 80%.

[0108] Embodiment 13. The structures, monoliths, or methods of one of the previous
embodiments, wherein the active material is enclosed within the composite at at least

about 5%, at least about 10%, at least about 15%, or at least about 20%.

[0109] 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.
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[0110] 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

5 claims be regarded as including such equivalent constructions.
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CLAIMS
We claim:

1. A structure comprising layered coated supports and passageways between adjacent
layered coated supports,

wherein each layered coated support comprises a support having a first and second
side, and a composite on at least the first side of the support, the composite comprising an
active material, and having features in the surface of the composite; and

the passageways being formed at the contact of the features in a coating on the first

side of a layered structure with a side of an adjacent layered structure.

2. The structure of claim 1, wherein the composite further comprises a binder.

3. The structure of any one of claims 1 to 2, wherein the support comprises a metal
substrate.

4. The structure of any one of claims 1 to 2, where the support comprises a sheet, foil
or mesh.

5. The structure of any one of claims 1 to 2, wherein the layered coated support

comprises a composite on the second side.

6. The structure of claim 5, wherein the passageways are formed at the contact of the
features in the coating on the first side of a coated support with a composite on the second

side an adjacent support.

7. The structure of any one of claims 1 to 6, wherein the structure is a monolith.

8. The structure of claim 7, wherein the cell density of the monolith is at least 900
cpsi.

9. The structure of claim 7, wherein the cell density of the monolith is at least 1000
cpsi.

10. The structure of claim 7, wherein the cell density of the monolith is at least 1500
cpsi.

11. The structure of any one of claims 1 to 10, wherein the features are channels, and
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the distance between channels is less than about 900 microns.

12. The structure of any one of claims 1 to 11, wherein the layered coated supports
comprises separate supports, and the passageways are formed at the contact of the first

side of one support with the second side of a separate support.

13. The structure of any one of claims 1 to 11, wherein the layered coated supports
comprises a coated support coiled in a spiral, and the passageways are formed at the

contact of the first side of the coated support with the second side of the coated support.

14. The structure of any one of claims 1 to 13, wherein the active material comprises a

catalyst or adsorbent.

15. The structure of any one of claims 1 to 13, wherein the active material comprises a

zeolite.

16. A method for preparing a structure, the method comprising;

coating, on a support having a first side and a second side, a paste to the first side;

creating features in the paste;

layering a first coated support with a second coated support by contacting the paste
on the first side of the coated support with a side of the second coated support to form
enclosed passageways; and

calcining the layered supports to form the structure.

17. The method of claim 16, wherein the paste comprises an active material.

18. The method of claim 17, wherein the paste further comprises a binder.

19. The method of any one of claims 16 to 18, wherein the side of the support is a
second side of a support coated with a thin layer of paste, and the enclosed passageways
are formed by the contact of the paste with features of the first support to the thin layer of

paste on the second side of the second support.

20. The method of any one of claims 16 to 19, wherein the features are created by

imprinting, stamping, molding, dragging, or 3-D printing.

21. The method of any one of claims 16 to 20, wherein a paste layer is coated on the

second side of the support, and features are created in the paste on the second side.
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22. The method of any one of claims 16 to 20, wherein the layering step comprises
layering the first coated support onto a separate coated support to form layers of coated

supports.

23. The method of any one of claims 16 to 20, wherein the layering step comprises a
single coated support coiled in a spiral such that the first side of the support can contact

the second side of the support to form the enclosed passageways within a spiral structure.

24, The method of any one of claims 16 to 23, wherein the support comprises a metal
substrate.
25. The method of any one of claims 16 to 23, where the support comprises a sheet,

foil or mesh.

26. The method of any one of claims 16 to 25, wherein the paste comprises a zeolite.

27. The method of any one of claims 16 to 26, wherein at least 10% of the active

material is enclosed by the paste.

28. A structure comprising layered coated supports and passageways between adjacent
layered coated supports, wherein

cach layered coated support comprises

a support having a first and second side,

and a composite on at least the first side of the support,

wherein the composite comprising an active material and tortuous pathways
through the composite for fluid communication of the adsorbent with the passageways,
and having features in the surface of the composite; and

the passageways being formed at the contact of the features in a coating on the first

side of a layered structure with a side of an adjacent layered structure.

29. The structure of claim 28, wherein the composite further comprises a binder.

30.  The structure of any one of claims 28 to 29, wherein the composite has a

mesoporosity of at least about 15%.

31. The structure of any one of claims 28 to 29, wherein the composite has a

mesoporosity of at least about 20%.

29



WO 2016/076994 PCT/US2015/055088

32. The structure of any one of claims 28 to 31, wherein at least about 15% of the

active material is enclosed within the composite.

5 33 The structure of any one of claims 28 to 31, wherein at least about 20% of the

active material is enclosed within the composite.
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