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APPARATUS AND SYSTEM FOR SWING ADSORPTION PROCESSES

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of U.S. Provisional Patent Application
62/343,424, filed May 31, 2016, entitted APPARATUS AND SYSTEM FOR SWING
ADSORPTION PROCESSES, the entirety of which is incorporated by reference herein.

FIELD

[0002] The present techniques relate to a method and system associated with swing
adsorption processes used in conditioning streams for downstream processing. In particular,
the method and system involve a startup mode process for a swing adsorption process, which

is further utilized for starting up the downstream process.

BACKGROUND

[0003] Gas separation is useful in many industries and can typically be accomplished by
flowing a mixture of gases over an adsorbent material that preferentially adsorbs one or more
gas components while not adsorbing one or more other gas components. The non-adsorbed

components are recovered as a separate product.

[0004] One particular type of gas separation technology is swing adsorption, such as
temperature swing adsorption (TSA), pressure swing adsorption (PSA), partial pressure swing
adsorption (PPSA), rapid cycle temperature swing adsorption (RCTSA), rapid cycle pressure
swing adsorption (RCPSA), rapid cycle partial pressure swing adsorption (RCPPSA), and not
limited to but also combinations of the fore mentioned processes, such as pressure and
temperature swing adsorption. As an example, PSA processes rely on the phenomenon of gases
being more readily adsorbed within the pore structure or free volume of an adsorbent material
when the gas is under pressure. That is, the higher the gas pressure, the greater the amount of
readily-adsorbed gas adsorbed. When the pressure is reduced, the adsorbed component is

released, or desorbed from the adsorbent material.

[0005] The swing adsorption processes (e.g., PSA and/or TSA) may be used to separate
gases of a gas mixture because different gases tend to fill the micropore of the adsorbent

material to different extents. For example, if a gas mixture, such as natural gas, is passed under
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pressure through a vessel containing an adsorbent material that is more selective towards
carbon dioxide than it is for methane, at least a portion of the carbon dioxide is selectively
adsorbed by the adsorbent material, and the gas exiting the vessel is enriched in methane. When
the adsorbent material reaches the end of its capacity to adsorb carbon dioxide, it is regenerated
by reducing the pressure, thereby releasing the adsorbed carbon dioxide. Then, the adsorbent

material is typically purged and repressurized prior to starting another adsorption cycle.

[0006] The swing adsorption processes typically involve adsorbent bed units, which
include adsorbent beds disposed within a housing and configured to maintain fluids at various
pressures for different steps in a cycle within the unit. These adsorbent bed units utilize
different packing material in the bed structures. For example, the adsorbent bed units utilize
checker brick, pebble beds or other available packing. As an enhancement, some adsorbent
bed units may utilize engineered packing within the bed structure. The engineered packing
may include a material provided in a specific configuration, such as a honeycomb, ceramic

forms or the like.

[0007] Further, various adsorbent bed units may be coupled together with conduits and
valves to manage the flow of fluids through the cycle. Orchestrating these adsorbent bed units
involves coordinating the steps in the cycle for each of the adsorbent bed units with other
adsorbent bed units in the system. A complete cycle can vary from seconds to minutes as it

transfers a plurality of gaseous streams through one or more of the adsorbent bed units.

[0008] As may be appreciated, the removal of contaminants may result in the process
operating in different modes, such as a startup mode and a normal operation mode. The startup
mode may be utilized to prepare the equipment (e.g., the adsorbent bed and various stream) for
the normal operation mode. The normal operation mode may be utilized when the process is
receiving various streams, such as the gaseous feed stream, and removing contaminants from
the gaseous feed stream to provide a product stream, which may be referred to as steady state.
For example, the conventional processes may operate in normal operation mode to treat
hydrocarbon containing streams containing water (H20) or carbon dioxide (COz) to prepare
the stream for downstream processing, such as natural gas liquid recovery (NGL) or liquefied
natural gas (LNG) processing. The normal operation modes may be different for each of the
respective downstream processes based on the respective specifications that are involved for
normal operational mode. For example, a typical LNG specification requires the CO2 content

to be less than 50 parts per million molar (ppm).

[0009] During the startup mode, the cycle may be different than the cycle utilized for
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normal operation mode. Conventional systems may utilize a single heating step to regenerate
the adsorbent material with high temperatures to remove any contaminants as the startup mode
cycle. For example, a startup process involving a mole sieve unit may include heating the bed

to temperatures in excess of 550°F.

[0010] Unfortunately, conventional startup mode processes have certain limitations. For
example, the process in startup mode may involve merely heating the adsorbent material to
high temperatures. The heating of the adsorbent material to high temperatures in the
conventional approaches typically rely upon dedicated high-temperature startup heaters. These
heaters are expensive, involve large capital expenditure and high operational costs. In addition,
these heaters increase the weight and footprint of the facility. Further, the cycle time is
typically longer than necessary to remove contaminants to ensure sufficient time is provided
for downstream equipment to begin operations. In addition, the temperature that the adsorbent
material are exposed to may lessen the operational life of the adsorbent material and may lessen

the efficiency of the adsorbent material.

[0011] Accordingly, there remains a need in the industry for apparatus, methods, and
systems that provided enhancements to the start-up processes associated with hydrocarbon
recovery processes. In particular, a need exists for enhancements to startup mode processes

for rapid cycle swing adsorption processes.

SUMMARY OF THE INVENTION

[0012] In one embodiment, the present techniques describe a process for removing
contaminants from a gaseous feed stream with a swing adsorption process. The process
comprises passing a gaseous feed stream to a swing adsorption process that comprises a
plurality of adsorbent bed units, each of the adsorbent bed units performs a swing adsorption
cycle that includes an adsorption step and a regeneration step; wherein the swing adsorption
cycle comprises: performing a first bed adsorption step for a first adsorbent bed unit of the
plurality of adsorbent bed units that comprises passing a gaseous feed stream through the first
adsorbent bed unit having a first adsorbent bed to separate one or more contaminants from the
gaseous feed stream to form a first product stream; and performing a second bed regeneration
step for a second adsorbent bed unit of the plurality of adsorbent bed units that comprises
passing at least a portion of the first product stream through the second adsorbent bed unit
having a second adsorbent bed to separate one or more contaminants from the second adsorbent

bed to form a first purge product stream.
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[0013] Further, in another embodiment, the present techniques describe a process for
removing contaminants from a gaseous feed stream with a swing adsorption process. The
process comprises: passing a gaseous feed stream to a swing adsorption process that comprises
a plurality of adsorbent bed units, each of the adsorbent bed units performs a swing adsorption
cycle that includes an adsorption step and a regeneration step; wherein the swing adsorption
cycle comprises: performing a adsorption step for one of the plurality of adsorbent bed units
that comprises passing a portion of the gaseous feed stream through the one of the plurality of
adsorbent bed units to remove one or more contaminants from the gaseous feed stream and
conduct away a product stream; and performing a regeneration step for the one of the plurality
of adsorbent bed units that comprises passing at least a portion of a product stream from another
of the plurality of adsorbent bed units through the one of the plurality of adsorbent bed units to
remove one or more contaminants from the one of the plurality of adsorbent bed units and

conduct away a purge product stream.

[0014] In yet another embodiment, a cyclical swing adsorption system is described. The
system includes: a plurality of manifolds, wherein the plurality of manifolds comprise a feed
manifold configured to pass a feed stream to the plurality of adsorbent bed units during an
adsorption step, a product manifold configured to pass a product stream from the plurality of
adsorbent bed units during the adsorption step, a purge manifold configured to pass a purge
stream to the plurality of adsorbent bed units during a regeneration step, a purge product
manifold configured to pass a purge product stream from the plurality of adsorbent bed units
during the regeneration step, each manifold of the plurality of manifolds is associated with one
swing adsorption process step of a plurality of swing adsorption process steps; a plurality of
adsorbent bed units coupled to the plurality of manifolds, each of the adsorbent bed units
comprising: a housing; an adsorbent material disposed within the housing; a plurality of valves,
wherein at least one of the plurality of valves is associated with one of the plurality of manifolds
and is configured to manage fluid flow along a flow path extending between the respective
manifold and the adsorbent material; a startup mode bypass valve in fluid communication with
purge manifold and the product manifold and configured to provide a flow passage between
the product manifold and the purge manifold in a startup mode position and configured to
block the flow passage between the product manifold and the purge manifold in a normal

operation mode position.

[0015] In certain embodiments, the process and system may include some additional
variations. The process may include: determining whether the first product stream is within a

specification for a contaminant; if the first product stream is within the specification, passing
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at least a portion of the first product stream to a downstream process; if the first product stream
is not within the specification, performing a regeneration step for the first adsorbent bed unit
that comprises passing a portion of a second product stream through the first adsorbent bed unit
to separate one or more contaminants from the first adsorbent bed to form a second purge
product stream, wherein the second product stream is provided from another of the plurality of
adsorbent bed units; and repeating the adsorbent step for the first adsorbent bed unit. Also, the
process may include mixing a slip stream (e.g., an overhead stream) from the downstream
process with the at least a portion of the first product stream prior to performing the second bed
regeneration step; and/or adjusting the amount of at least a portion of the first product stream
utilized in the second bed regeneration step based on the amount of slip stream from the

downstream process.

[0016] In other embodiments, the process and system may include additional features. The
plurality of valves may comprise one or more poppet valves; the plurality of manifolds and/or
the plurality of adsorbent bed units may be configured to operate at pressures between 0.1 bar
absolute (bara) and 100 bara; and/or wherein the plurality of manifolds may further comprise
a blowdown manifold configured to pass a blowdown stream from the plurality of adsorbent
bed units during a blowdown step. The cyclical swing adsorption system may further comprise
a heating unit disposed upstream of the purge manifold and downstream of the product
manifold, wherein the heating unit may be configured to heat the product stream to a
temperature in the range between 450 °F and the gaseous feed stream temperature; a separating
unit may be disposed upstream of the purge manifold and downstream of the heating unit,
wherein the separating unit may be configured to lessen the pressure of the product stream to
a pressure in the range between 0.1 bar absolute (bara) and 100 bara, which is lower than the
pressure within the product stream or which may lower the pressure by at least 10%, by at least
20% or at least 30% relative to the pressure of the product stream exiting the first adsorbent
bed; a conditioning unit disposed downstream of the purge product manifold and upstream of
the feed manifold, wherein the conditioning unit may be configured to remove one or more
contaminants from the purge product stream; a liquefied natural gas process unit in fluid
communication with the adsorbent bed unit and may be configured to receive the product
stream and separate the product stream into a final product stream and a flash fuel stream,
wherein the flash fuel stream is passed to the purge manifold; and/or a cryogenic natural gas
liquid recovery (NGL) process unit in fluid communication with the adsorbent bed unit and
configured to receive the product stream and separate the product stream into a final product

stream and a residue gas stream, wherein the residue gas stream is passed to the purge manifold.

5
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BRIEF DESCRIPTION OF THE FIGURES

[0017] The foregoing and other advantages of the present disclosure may become apparent
upon reviewing the following detailed description and drawings of non-limiting examples of

embodiments.

[0018] Figure 1 is a three-dimensional diagram of the swing adsorption system with six
adsorbent bed units and interconnecting piping in accordance with an embodiment of the

present techniques.

[0019] Figure 2 is a diagram of a portion of an adsorbent bed unit having associated valve

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

[0020] Figure 3 is an exemplary flow chart for performing an external startup mode of a

swing adsorption process in accordance with an embodiment of the present techniques.

[0021] Figure 4 is an exemplary flow chart for performing a recycle startup mode of a

swing adsorption process in accordance with an embodiment of the present techniques.

[0022] Figure 5 is an exemplary diagram of a startup mode step in accordance with an

embodiment of the present techniques.

[0023] Figures 6A and 6B are exemplary diagrams associated with another startup mode

step in accordance with an embodiment of the present techniques.

[0024] Figure 7 is an exemplary diagram associated with yet another startup mode step in

accordance with an embodiment of the present techniques.

[0025] Figure 8 is an exemplary diagram associated with the recycle startup mode step in

accordance with an embodiment of the present techniques.

[0026] Figures 9A and 9B are exemplary diagrams associated with the recycle startup

mode step in accordance with an embodiment of the present techniques.

[0027] Figure 10 is an exemplary diagram associated with another startup mode step in

accordance with an embodiment of the present techniques.

[0028] Figure 11 is an exemplary diagram associated with still another startup mode step

in accordance with an embodiment of the present techniques.

[0029] Figure 12 is an exemplary diagram associated with normal operation mode.
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DETAILED DESCRIPTION OF THE INVENTION

[0030] Unless otherwise explained, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which this

disclosure pertains. The singular terms "a," "an," and "the" include plural referents unless the
context clearly indicates otherwise. Similarly, the word "or" is intended to include "and" unless
the context clearly indicates otherwise. The term "includes" means "comprises." All patents
and publications mentioned herein are incorporated by reference in their entirety, unless
otherwise indicated. In case of conflict as to the meaning of a term or phrase, the present
specification, including explanations of terms, control. Directional terms, such as "upper,"
"lower," "top," "bottom," "front," "back," "vertical," and "horizontal," are used herein to
express and clarify the relationship between various elements. It should be understood that

such terms do not denote absolute orientation (e.g., a "vertical" component can become
horizontal by rotating the device). The materials, methods, and examples recited herein are

illustrative only and not intended to be limiting.

[0031] As used herein, “stream” refers to fluid (e.g., solids, liquid and/or gas) being
conducted through various equipment. The equipment may include conduits, vessels,

manifolds, units or other suitable devices.

[0032] As used herein, “conduit” refers to a tubular member forming a channel through
which something is conveyed. The conduit may include one or more of a pipe, a manifold, a

tube or the like.

[0033] The provided processes, apparatus, and systems of the present techniques may be
used in swing adsorption processes that remove contaminants (CO2, H20, and H2S) from feed
streams, such as hydrocarbon containing streams. As may be appreciated and as noted above,
the hydrocarbon containing feed streams may have different compositions. For example, the
gaseous feed stream may be a hydrocarbon containing stream having greater than one volume
percent hydrocarbons based on the total volume of the feed stream. As another example, the
hydrocarbon feed streams vary widely in amount of acid gas, such as from several parts per
million acid gas to 90 volume percent (vol.%) acid gas. Non-limiting examples of acid gas
concentrations from exemplary gas reserves sources include concentrations of approximately:
(a) 4 ppm H2S, 2 vol.% CO2, 100 ppm H20 (b) 4 ppm H2S, 0.5 vol.% COz2, 200 ppm H20 (¢)
1 vol.% HzS, 2 vol.% CO2, 150 ppm H20, (d) 4 ppm H2S, 2 vol.% COz, 500 ppm H20, and (e)
1 vol.% H2S, 5 vol.% COz, 500 ppm H20. Further, in certain applications the hydrocarbon

containing stream may include predominately hydrocarbons with specific amounts of CO2
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and/or water. For example, the hydrocarbon containing stream may have greater than 0.00005
volume percent CO2 based on the total volume of the gaseous feed stream and less than 2
volume percent COz based on the total volume of the gaseous feed stream; or less than 10
volume percent CO2 based on the total volume of the gaseous feed stream. The processing of

feed streams may be more problematic when certain specifications have to be satisfied.

[0034] The removal of contaminants may be performed by swing adsorption processes
during normal operations to prepare the stream for further downstream processing, such as
NGL processing and/or LNG processing. For example, natural gas feed streams for liquefied
natural gas (LNG) applications have stringent specifications on the CO:z content to ensure
against formation of solid CO:z at cryogenic temperatures. The LNG specifications may
involve the COz content to be less than or equal to 50 ppm. Such specifications are not applied
on natural gas streams in pipeline networks, which may involve the CO2 content up to 2 vol.%
based on the total volume of the gaseous feed stream. As such, for LNG facilities that use the
pipeline gas (e.g., natural gas) as the raw feed, additional treating or processing steps are
utilized to further purify the stream. Further, the present techniques may be used to lower the
water content of the stream to less than 0.1 ppm. Exemplary swing adsorption processes and
configurations may include U.S. Patent Serial Nos. 62/213262; 62/213267; 62/213270;
62/213273; 62/246916; 62/246920; and 62/246922, which are each incorporated by reference

herein.

[0035] The present techniques provide configurations and processes that are utilized to
enhance the startup mode for the swing adsorption process and associated downstream
processes. While the normal operation mode processes are described based on steady state
operation, startup mode procedures involve different cycles until normal operation mode is
begun. The present techniques describes different methods that may be utilized to transition
the operation from startup mode to normal operation mode. In startup mode, each of the
adsorbent beds utilized in the swing adsorption process is assumed to be in equilibrium with
contaminants. For dehydration applications, the contaminant is water (H20), while for carbon
dioxide (COz) applications, the contaminant is either H2O (e.g., in equilibrium with
atmosphere) or COz2 (e.g., in case of a shutdown). Accordingly, the startup mode is utilized to
remove contaminants to prepare the adsorbent beds for normal operation mode. In particular,
the startup mode sequence may be used for swing adsorption processes (e.g., dehydration and

low-level CO2 removal) upstream or integrated with NGL and LNG applications.

[0036] A first startup mode process may involve the use of an external medium to remove
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one or more contaminants from the adsorbent beds. In the external startup mode, an external
medium is used to remove one or more contaminants from the adsorbent beds. The external
medium may include the use of an external gas stream that is circulated through the adsorbent
beds to remove the one or more contaminants from the adsorbent beds during a regeneration
step (e.g., a purge step). The external gas stream may include nitrogen, dry methane or other
non-reactive stream under process operating conditions. For example, the external stream may
include predominately nitrogen or methane with less than 0.1 ppm of water, less than 1 ppm of

water or less than 10 ppm of water.

[0037] For example, in dehydration applications, an external gas stream, such as dry
nitrogen (e.g., nitrogen stream having less than 0.1 ppm of water, less than 1 ppm of water or
less than 10 ppm of water), may be used to remove water from the adsorbent beds during the
startup mode. When the dry nitrogen stream is introduced into each of the adsorbent beds,
which is at equilibrium with ambient water, some of the water transfers from the adsorbent
material in the adsorbent bed to the dry nitrogen stream. The startup mode sequence may
involve providing feed to the adsorbent bed during an adsorption step and using the external
stream to purge the adsorbent bed during a purge step. The startup mode cycle may continue
to use the dry nitrogen until a sufficient amount of water is removed from each of the adsorbent
beds and a desired bed profile is achieved for the adsorbent beds. Then, the resulting product
stream from the adsorbent beds is within the desired specification (e.g., below the specific
contaminant levels for the product stream). In addition, the startup mode may include
maintaining the purge step with dry nitrogen to sufficient amounts of moisture, and then start
the sequence described above. In such a configuration, the product stream may be within

specification from the first cycle.

[0038] Once the product stream is within the desired specification, the product stream may
be used in the startup mode process for the downstream processes, such as a demethanizer or a
liquefaction train. As the downstream processes and units are being started, the adsorbent beds
continue to regenerate using the external gas stream, such as the dry nitrogen stream.
Alternatively, a heated slip stream from the product side may also be used to regenerate the
spent adsorbent beds. As the downstream process begins producing a purge stream, this purge
stream may be combined with the external gas stream and the amount of external gas stream
utilized in the purge step may be adjusted. Once the downstream processes begin normal
operations, the desired purge stream (e.g., within the desired specifications), such as a residue
gas stream or fuel gas stream, is provided to the adsorbent bed as part of the normal operation

mode. At this point, the adsorbent bed regeneration stream is transitioned from nitrogen to the
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purge stream from the downstream process.

[0039] To facilitate rapid regeneration and minimize the amount of dry nitrogen being
utilized during the external startup mode, the operating conditions may be adjusted to manage
the removal of contaminants from the adsorbent bed. For example, the flow rate for the gaseous
feed stream may be conducted within a flow rate range below the normal operation mode flow
ranges (e.g., flow rate at turndown). For example, the flow rates in startup mode may be at
about 25% of the normal operation mode flow rate, at about 50% of the normal operation mode
flow rate, at about 75% of the normal operation mode flow rate, in a range between 25% and
90% of the normal operation flow rate, in a range between 50% and 90% of the normal
operation flow rate, and in a range between 75% and 90% of the normal operation flow rate.
Further, the regeneration of the adsorbent bed may be conducted within a pressure range near
atmospheric pressure (e.g., in a pressure range between atmospheric pressure and fifty pounds
per square inch gauge (psi) above atmospheric pressure) or may be within a pressure range near
normal operation mode pressures (e.g., in a pressure range between 75% of normal operation
mode pressure and 125% of normal operation mode pressure or at a pressure between
atmospheric pressure and normal operating pressure or a pressure close to feed pressure). As
an example, the regeneration of the adsorbent bed may be conducted in a pressure range from
300 pounds per square inch gauge (psi) to 650 psi. Also, the temperature of the external
medium stream may be provided within a temperature range from (e.g., in a temperature range
between 20° Celsius (C) above atmospheric temperature and 150° Celsius (C) above
atmospheric temperature). Also, the temperature of the external stream may be in a range
between 350°F and 550°F, in a range between 350°F and 550°F or in a range 450°F and 550°F
in arange between 100°F and 550°F, in a range between 150°F and 450°F or in a range 250°F
and 350°F.

[0040] In the second startup mode process, the startup cycle may include an adsorption step
and a regeneration step (e.g., purge step). In this recycle startup mode sequence, at least a
portion of the product stream from a first adsorbent bed may be recycled to a second adsorbent
bed as the purge stream to progressively clean the adsorbent beds (e.g., lower the levels of
contaminants in the adsorbent beds). Heat may be added to this stream to increase the
temperature and yield a stream that is less saturated in the contaminants than the feed stream.
As the adsorbent beds within a swing adsorption process may be performing different steps
within the respective cycles, at least a portion of the product stream from an adsorbent bed in
the adsorption step may be used as the purge stream for an adsorbent bed in the purge step.

The resulting purge product stream may be flared, recycled to be mixed with the feed stream

10
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after a contaminant knockout (e.g., water knockout), and/or provided to fuel. The recycle
startup mode process may involve gradually lowering the levels of contaminants within the
adsorbent beds until the level that satisfies a predetermined desired level for the adsorbent beds.
The at least a portion of the first product stream is greater than 5 % of the product stream,

greater than 50 % of the product stream or greater than 75 % of the product stream.

[0041] As an example, the recycle startup mode process may be used to remove water from
two or more adsorbent beds in the swing adsorption process. Initially, the adsorbent beds may
be saturated with water at the operating conditions. Then, a wet gas stream may be passed
through the first adsorbent bed, which may result in water being removed from the wet gas
steam. In this first cycle, the wet gas stream may not undergo dehydration or may undergo
minimal dehydration because the adsorbent bed is saturated and it does not adsorb any more
moisture from the stream. Then, the resulting product stream, which is a partially dehydrated
gas stream may be heated to a high temperature using a startup heater. The temperatures may
be in a range between 100°F and 550°F, in a range between 150°F and 450°F or in a range
250°F and 350°F. The startup heater may include a furnace, heat exchanger or other suitable
heating unit. Next, the pressure of the heated stream may be lowered, resulting in a purge
stream that is at a lower pressure and higher temperature than the partially dehydrated gas
stream. This purge stream is used to purge a second or different adsorbent bed to remove a
portion of the water within that adsorbent bed. In the second such cycle the adsorbent bed
adsorbs some water resulting in a dryer product stream. The water removed from the stream is
purged in the subsequent purge step because the purge has more moisture removal capability
than the previous cycle (e.g., it is dryer than before). This cycle is continued for a certain
duration, after which the purged adsorbent bed is provided a feed stream and the cycle repeated.
The recycle startup process progressively purges each of the adsorbent beds and lessens the
water present within the respective adsorbent beds. With each successive cycle, the water
content of the partially dehydrated gas decreases, eventually bringing the product stream from

the respective adsorbent bed to the specification.

[0042] For a dehydration application, the sequence of the cycle for the startup mode may
be configured to lessen flaring of gas or completely eliminate flaring of gas. The recycle
sequence may be initiated at turndown. The purge pressure is selected such that the purge
product is at the suction pressure of the residue gas compressor. The residue gas compressor is
then operated to compress the purge product and recombine with the feed stream either
upstream or downstream of a triethylene glycol (TEG) based dehydration unit. Knockout

drums may be necessary to remove the excess water gathered from the purge step.
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[0043] As a specific example, the recycle startup process may be used for a cryogenic NGL
recovery facility. The recycle startup process may include passing wet gas to the absorbent
units at turndown. Then, the recycle startup process is utilized to clean the adsorbent beds.
The process is continued until product stream is at specification and the desired water profile
in the adsorbent bed is achieved. Next, the flow rate of the gas stream entering the adsorbent
beds is increased for subsequent cycles. Then, a slip stream of the dry product stream is
introduced to the cryogenic NGL recovery facility. The remaining product gas is used as purge
stream. As necessary, the purge inlet temperature may be adjusted to achieve the necessary
purge to remove the water in the adsorbent beds. The process may be similar to the external
startup mode except a partially dehydrated purge stream is utilized instead of an external
stream. With the product stream from the adsorbent beds, the startup sequence for the
cryogenic NGL recovery facility is initiated. This cryogenic NGL facility may perform the
startup mode in a recycle mode using the residue gas compressor to recycle the demethanizer
column overhead product with the feed. Once the NGL recovery facility is approaching
specification, a portion of the demethanizer overhead product is mixed with the purge stream
from the adsorbent beds in swing adsorption process to increase the flow rate. The heat from
the startup heater may be reduced as necessary. Eventually, the overhead product stream from
the demethanizer is introduced to the adsorbent beds as a purge stream for the respective cycles
and the portion of the product stream from the adsorbent bed being used as the purge stream is
lessened and may be eliminated. The process eventually transitions to normal operation mode,

which is a steady state with the adsorbent beds purge product gas being provided for sale.

[0044] Similarly, the above sequence may be used for the LNG process. However, asource
of gas to compress the purge product to feed pressure may not be available with the LNG
process during startup mode. As such, some of the purge stream may have to be flared. For the
COz removal processes, a similar recycle startup mode sequence may be used. Additionally, a

loop heating step may be used to provide the necessary heat to the adsorbent beds.

[0045] One or more variants to the procedure noted above may be used to reduce the startup
time of the process. The first variant includes heating adsorbent beds to reduce the amount of
water in the adsorbent beds, which may be performed initially. In the heating step, the heated
wet gas at low pressure is used as the purge stream for the absorbent beds and removes a large
amount of water already adsorbed in the adsorbent beds. A second variant involves performing
one or more blowdown steps in the startup mode process to flare or rapidly decrease the partial
pressure and reduce the amount of water adsorbed in the adsorbent beds. A third variant

involves performing a purge step with dry nitrogen, which may be heated, if necessary, to dry
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the adsorbent beds.

[0046] The present techniques provide a startup mode process that may be utilized to
initiate the normal operation mode process for a swing adsorption process, and specifically a
rapid cycle adsorption process. The present techniques may include some additional
equipment, such as one or more conduits and/or one or more manifolds that provide a fluid
path for the external gas stream, an external gas storage tank, a heating unit (furnace and/or
heat exchanger), one or more blowers and/or one or more compressors to fluidly
communication with one or more adsorbent beds, and/or depressurizing equipment that may
be utilized to facilitate the startup mode cycle. In addition, other components and
configurations may be utilized to provide the swing adsorption process, such as rapid cycle
enabling hardware components (e.g., parallel channel adsorbent bed designs, rapid actuating
valves, adsorbent bed configurations that integrate with other processes). Exemplary swing
adsorption processes and configurations may also include U.S. Patent Serial Nos. 62/213262;
62/213267; 62/213270; 62/213273; 62/246916; 62/246920; and 62/246922, which are each

incorporated by reference herein.

[0047] Beneficially, the present techniques may be utilized to provide a startup process that
does not involve an external drying process, involves minimal additional equipment for the

startup process and may be operated in a no-flare configurations.

[0048] In one or more embodiment, a startup mode process for a swing adsorption process
may include using a recycle startup mode or an external startup mode. For the external startup
mode, the present techniques comprise a process for removing contaminants from a gaseous
feed stream with a swing adsorption process, which may be utilized with one or more
downstream processes. The process comprising: a) performing a regeneration step (e.g., purge
step), wherein the step comprises passing an external gas stream through an adsorbent bed unit
to remove contaminants from an adsorbent bed within a housing of the adsorbent bed unit to
form a purge product stream; b) performing one or more adsorption steps, wherein each of the
one or more adsorption steps comprise passing a gaseous feed stream through an adsorbent bed
unit having an adsorbent bed to separate contaminants from the gaseous feed stream to form a
product stream; ¢) determining whether the product stream is within a specification for at least
one contaminant; d) if the product stream is within the specification (e.g., is below a certain
threshold), passing the product stream to a downstream process; and e) if the product stream is
not within the specification (e.g., above a certain threshold), repeating the steps a) to d) for at

least one additional cycle.
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[0049] As another example for the external startup mode, a cyclical swing adsorption
system may include a plurality of manifolds; a plurality of adsorbent bed units coupled to the
plurality of manifolds, and an external gas bypass valve in fluid communication with purge
manifold and configured to provide a flow passage for an external gas stream from an external
gas storage vessel to the purge manifold in a startup mode position and configured to block the
flow passage of the external gas stream from the external gas storage vessel to the purge
manifold in a normal operation mode position. The plurality of manifolds comprise a feed
manifold configured to pass a feed stream to the plurality of adsorbent bed units during an
adsorption step, a product manifold configured to pass a product stream from the plurality of
adsorbent bed units during the adsorption step, a purge manifold configured to pass a purge
stream to the plurality of adsorbent bed units during a regeneration step, a purge product
manifold configured to pass a purge product stream from the plurality of adsorbent bed units
during the regeneration step. Each manifold of the plurality of manifolds is associated with
one swing adsorption process step of a plurality of swing adsorption process steps. Each of the
adsorbent bed units comprising a housing; an adsorbent material disposed within the housing;
a plurality of valves, wherein at least one of the plurality of valves is associated with one of the
plurality of manifolds and is configured to manage fluid flow along a flow path extending

between the respective manifold and the adsorbent material.

[0050] In addition, the system or method may include certain features to enhance the
operation of the system or method. For example, the plurality of valves may comprise one or
more poppet valves; the plurality of manifolds and/or the plurality of adsorbent bed units may
be configured to operate at pressures between 0.1 bar absolute (bara) and 100 bara; the system
may include a heating unit disposed upstream of the purge manifold and downstream of the
external gas storage vessel, wherein the heating unit is configured to heat the external gas
stream to a temperature in the range between a temperature in the range between 450 °F and
the gaseous feed stream temperature or between a temperature in the range between 450 °F and
greater than 100 °F of the gaseous feed stream temperature; the system may include a
conditioning unit disposed downstream of the purge product manifold and upstream of the
external gas storage vessel, wherein the conditioning unit is configured to remove one or more
contaminants from the purge product stream; the plurality of manifolds may further comprise
a blowdown manifold configured to pass a blowdown stream from the plurality of adsorbent
bed units during a blowdown step; and the system may include a liquefied natural gas process
unit in fluid communication with the adsorbent bed unit and configured to receive the product

stream and separate the product stream into a final product stream and a flash fuel stream,
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wherein the flash fuel stream is passed to the purge manifold. Further, the external gas stream
comprises a nitrogen stream comprising predominately nitrogen with less than 0.1 ppm of
water, or may comprise a nitrogen stream comprising predominately nitrogen with less than 10
ppm of water. The external gas stream may be a nitrogen containing stream having greater

than one volume percent nitrogen based on the total volume of the feed stream.

[0051] For the external startup mode, the present techniques describe a process for
removing contaminants from a gaseous feed stream with a swing adsorption process. The
process comprises passing a gaseous feed stream to a swing adsorption process that comprises
a plurality of adsorbent bed units, each of the adsorbent bed units performs a swing adsorption
cycle that includes an adsorption step and a regeneration step; wherein the swing adsorption
cycle comprises: performing a first bed adsorption step for a first adsorbent bed unit of the
plurality of adsorbent bed units that comprises passing a gaseous feed stream through the first
adsorbent bed unit having a first adsorbent bed to separate one or more contaminants from the
gaseous feed stream to form a first product stream; and performing a second bed regeneration
step for a second adsorbent bed unit of the plurality of adsorbent bed units that comprises
passing at least a portion of the first product stream through the second adsorbent bed unit
having a second adsorbent bed to separate one or more contaminants from the second adsorbent

bed to form a first purge product stream.

[0052] Further, in one or more embodiments, the present techniques describe a process for
removing contaminants from a gaseous feed stream with a swing adsorption process. The
process comprising: passing a gaseous feed stream to a swing adsorption process that comprises
a plurality of adsorbent bed units, each of the adsorbent bed units performs a swing adsorption
cycle that includes an adsorption step and a regeneration step; wherein the swing adsorption
cycle comprises: performing a adsorption step for one of the plurality of adsorbent bed units
that comprises passing a portion of the gaseous feed stream through the one of the plurality of
adsorbent bed units to remove one or more contaminants from the gaseous feed stream and
conduct away a product stream; and performing a regeneration step for the one of the plurality
of adsorbent bed units that comprises passing at least a portion of a product stream from another
of the plurality of adsorbent bed units through the one of the plurality of adsorbent bed units to
remove one or more contaminants from the one of the plurality of adsorbent bed units and

conduct away a purge product stream.

[0053] In yet another embodiment, a cyclical swing adsorption system is described. The

system includes: a plurality of manifolds, wherein the plurality of manifolds comprise a feed

15



10

15

20

25

30

WO 2017/209860 PCT/US2017/029344

manifold configured to pass a feed stream to the plurality of adsorbent bed units during an
adsorption step, a product manifold configured to pass a product stream from the plurality of
adsorbent bed units during the adsorption step, a purge manifold configured to pass a purge
stream to the plurality of adsorbent bed units during a regeneration step, a purge product
manifold configured to pass a purge product stream from the plurality of adsorbent bed units
during the regeneration step, each manifold of the plurality of manifolds is associated with one
swing adsorption process step of a plurality of swing adsorption process steps; a plurality of
adsorbent bed units coupled to the plurality of manifolds, each of the adsorbent bed units
comprising: a housing; an adsorbent material disposed within the housing; a plurality of valves,
wherein at least one of the plurality of valves is associated with one of the plurality of manifolds
and is configured to manage fluid flow along a flow path extending between the respective
manifold and the adsorbent material; a startup mode bypass valve in fluid communication with
purge manifold and the product manifold and configured to provide a flow passage between
the product manifold and the purge manifold in a startup mode position and configured to
block the flow passage between the product manifold and the purge manifold in a normal

operation mode position.

[0054] In certain embodiments, the process and system may include some additional
variations. For example, the process may include: determining whether the first product stream
is within a specification for a contaminant; if the first product stream is within the specification,
passing at least a portion of the first product stream to a downstream process; if the first product
stream is not within the specification, performing a regeneration step for the first adsorbent bed
unit that comprises passing a portion of a second product stream through the first adsorbent
bed unit to separate one or more contaminants from the first adsorbent bed to form a second
purge product stream, wherein the second product stream is provided from another of the
plurality of adsorbent bed units; and repeating the adsorbent step for the first adsorbent bed
unit. As another example, the process may include mixing a slip stream (e.g., an overhead
stream, such as overhead stream from NGL or fuel from LNG) from the downstream process
with the at least a portion of the first product stream prior to performing the second bed
regeneration step; and/or adjusting the amount of at least a portion of the first product stream
utilized in the second bed regeneration step based on the amount of slip stream (e.g., overhead
stream) from the downstream process. Also, the method may further comprise separating one
or more contaminants from the at least the portion of the first product stream prior to passing
the at least the portion of the first product stream through the second adsorbent bed unit; and/or

wherein the separating further comprises reducing the pressure of the at least the portion of the
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first product stream by at least 10% relative to the pressure of the stream prior to the separating
the one or more contaminants. By way of example, the feed stream may include CO2 and
water. The adsorbent bed units may be configured to remove the water in a first group of
adsorbent beds and then pass the resulting product stream to remove COz2 in a second group of
adsorbent beds. Alternatively, a portion of the product stream from one adsorbent bed may be
conditioned to remove contaminants prior to passing the portion of the product stream to a
second adsorbent bed. The conditioning may include flash separation, pressure reduction,

external contaminant removal process or similar removal processes.

[0055] In other embodiments, the process and system may include additional features. For
example, the plurality of valves comprise one or more poppet valves; the plurality of manifolds
and/or the plurality of adsorbent bed units are configured to operate at pressures between 0.1
bar absolute (bara) and 100 bara; and/or wherein the plurality of manifolds further comprise a
blowdown manifold configured to pass a blowdown stream from the plurality of adsorbent bed
units during a blowdown step. The cyclical swing adsorption system may further comprising
a heating unit disposed upstream of the purge manifold and downstream of the product
manifold, wherein the heating unit is configured to heat the product stream to a temperature in
the range between 450 °F and greater than 100 °F of the gaseous feed stream temperature or in
the range between 450 °F and the gaseous feed stream temperature; a separating unit disposed
upstream of the purge manifold and downstream of the heating unit, wherein the separating
unit is configured to lessen the pressure of the product stream to a pressure in the range between
0.1 bar absolute (bara) and 100 bara, which is lower than the pressure within the product stream
or which may lower the pressure by at least 10%, by at least 20% or at least 30% relative to the
pressure of the product stream exiting the adsorbent bed (e.g., lower the pressure of the product
stream prior to the separating or at the exit of the adsorbent bed); may further comprise a
conditioning unit disposed downstream of the purge product manifold and upstream of the feed
manifold, wherein the conditioning unit is configured to remove one or more contaminants
from the purge product stream; and/or may further comprise a liquefied natural gas process
unit in fluid communication with the adsorbent bed unit and configured to receive the product
stream and separate the product stream into a final product stream and a flash fuel stream,

wherein the flash fuel stream is passed to the purge manifold.

[0056] In other certain embodiments, the startup mode for the swing adsorption process
may be integrated with downstream equipment and processes. The downstream equipment and
processes may include control freeze zone (CFZ) applications, niotrogen removal unit (NRU),

cryogenic NGL recovery applications, LNG applications, and other such applications. Each of
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these different applications may include different specifications for the feed stream in the
respective process. For example, the startup process may involve dehydration upstream of a
cryogenic NGL process or an LNG process and may be integrated with the respective
downstream equipment. As another example, the startup process may involve CO2 removal
upstream of a cryogenic NGL process or the LNG process and may be integrated with
respective downstream equipment. Other embodiments may involve a combination of the two
startup mode processes. The startup method may include using an external medium as part of
the process, which may be a dry nitrogen stream. Also, the startup method may involve
progressively dehydrating and/or cleaning the adsorbent beds by passing the product stream
through one or more adsorbent beds. Further, the startup mode may be integrated with
downstream processes, such as cryogenic NGL processes and/or LNG processes. In addition,
the startup mode process may involve performing the startup mode cycle with minimal flaring

or no flaring.

[0057] In certain embodiments, the system utilizes a combined swing adsorption process,
which combines TSA and PSA, for treating of pipeline quality natural gas to remove
contaminants for the stream to satisfy LNG specifications. The swing adsorption process,
which may be arapid cycle process, is used to treat natural gas that is at pipeline specifications
(e.g., a feed stream of predominately hydrocarbons along with less than or equal to about 2%
volume CO2 and/or less than or equal to 4 ppm H:2S) to form a stream satisfying the LNG
specifications (e.g., less than 50 ppm CO: and less than about 4 ppm H2S). The product stream,
which may be the LNG feed stream, may have greater than 98 volume percent hydrocarbons
based on the total volume of the product stream, while the CO2 and water content are below
certain thresholds. The LNG specifications and cryogenic NGL specifications may involve the
CO2 content to be less than or equal to 50 ppm, while the water content of the stream may be

less than 0.1 ppm.

[0058] Further, the gaseous feed stream may include various components. For example,
the gaseous feed stream may be a hydrocarbon containing stream having greater than one
volume percent hydrocarbons based on the total volume of the feed stream. In addition, the
gaseous feed stream may comprise hydrocarbons and COz, wherein the CO2 content is in the
range of two hundred parts per million volume and less than or equal to about 2% volume of
the gaseous feed stream. Further, the swing adsorption process may be configured to lower
the carbon dioxide (CO2) level to less than 50 parts per million. As another example, the
gaseous feed stream may include hydrocarbons and H2O. For example, the gaseous feed stream

may be that the H20 is in the range of 0.2 parts per million volume to saturation levels in the
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gaseous feed stream or the H20 is in the range of 100 parts per million volume to 1500 parts

per million volume.

[0059] In certain aspects, as described further below, the present techniques may involve
using a high temperature stream that is provided to the adsorbent beds as part of the purge step
to heat the adsorbent bed. The stream, which may be referred to as the purge stream (e.g., the
external stream or a portion of the product stream), may be heated to temperature may be less
than 550°F, may be less than 500 °F, less than 450 °F or may be less than 350 °F, and may be
the gaseous feed stream temperature, greater than 50 °F of the gaseous feed stream temperature,
greater than 100°F of the gaseous feed stream temperature or greater than 250 °F of the gaseous
feed stream temperature. For example, the stream used during the purge step of the startup
mode cycle may be a temperature in the range between 500°F and greater than 50 °F of the
gaseous feed stream temperature, in the range between 450°F and the gaseous feed stream
temperature, in the range between 450°F and greater than 100 °F of the gaseous feed stream
temperature or 400°F and greater than 200 °F of the gaseous feed stream temperature. The
stream (purge stream or external stream) pressure may be in the range between 0.01 bara and

100 bara, between 1 bara and 80 bara, or between 2 bara and 50 bara.

[0060] Further, the present techniques may not remove all of the contaminant (e.g., H20
and CO2) adsorbed in the bed during the purge step of the startup mode process, but remove a
portion of the contaminants such that the product end of the adsorbent bed has a contaminant
loading sufficiently low to provide a product stream with less than specifications. Accordingly,
the product end of the adsorbent bed may be maintained nearly free of contaminants (e.g., the
CO2 loading for the region near the product end is less than 1 millimole per gram (mmol/g),
less than 0.5 mmol/g or less than 0.1 mmol/g). The loading level of contaminant may be lower
on the feed side of the adsorbent bed during the purge step, but the length of adsorbent bed that
contains contaminants is reduced during the purge step. For example, a feed region may be a
specific portion of the adsorbent bed from the feed end of the adsorbent bed to 10% of the bed
length, from the feed end of the adsorbent bed to 25% of the bed length or from the feed end
of the adsorbent bed to 40% of the bed length. The product region may be a specific portion
of the adsorbent bed from the product end of the adsorbent bed to 10% of the bed length, from
the product end of the adsorbent bed to 25% of the bed length or from the product end of the
adsorbent bed to 40% of the bed length. The movement of the contaminants front back during
purge step and forward during the adsorption step is the basis of the swing capacity of the
process. In part, this is achieved by using a limited, cost effective quantity of purge gas in the

purge steam along with the heating of the adsorbent bed in this process and configuration.
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[0061] The present techniques may involve using two or more adsorbent beds, which are
operated on similar cycle that are performing different steps of the cycles (e.g., not
synchronized with each other) to maintain a steady flow of fluids for the various streams (e.g.,

feed stream, product stream, heating stream, and purge stream).

[0062] Further, in other embodiments, the pressure of the different streams may be varied.
For example, the feed stream may involve a feed pressure that is within the in the range between
0.01 bara and 100 bara, between 1 bara and 80 bara, or between 2 bara and 50 bara, but is not
necessarily limited to this range. The feed temperature may be in the range between 0 °F and
200 °F, in the range between 20 °F and 175 °F or in the range between 40 °F and 150 °F. The
blowdown pressure, heating pressure, and purge pressure may be adjusted depending on the
cycle, may depend upon the adsorbent material being utilized and/or may range from vacuum
to feed pressure. For example, if the adsorbent material is zeolite 4A, the blowdown pressure
range may be between 0.01 bara to 50 bara, or more preferably in a range between 1 bara and
15 bara. This example may depend on the feed concentration of CO2. Also, in other
embodiments, the depressurization steps may be adjusted such that the pressure swing is
achieved in stages to vary the amount of methane desorbing during each step, if any.
Additionally, a heating loop may be introduced and the heating pressure in the heating loop
may be operated at a pressure different from the purge pressure or blowdown pressure in the
respective steps. Also, certain embodiments may include no pressure swing, but may rely upon
temperature swing for the regeneration step. Similarly, in the other embodiments, no
temperature swing may be performed and the regeneration step may be performed by pressure
swing.

[0063] Furthermore, the above process may be used for startup mode processes that
separate two or more contaminants from the feed stream (e.g., two swing adsorption processes
operated in series with each other). For example, the feed stream may subjected to a
dehydration swing adsorption process, then a CO2 removal swing adsorption process, and the
resulting product may be subjected to a downstream process, such as cryogenic NGL or LNG
recovery. The startup mode for the dehydration and the CO2 removal processes may involve
the recycle startup process and/or the external startup process. As one example, the dehydration
process may involve the external startup process. Then, once the product stream satisfies the
desired specification for water removal, the product stream may be used by the CO2 removal
as part of the external startup stream. Alternatively, the dehydration process may involve the
external startup process and the CO2 removal process may perform the recycle process and

may mix the purge stream with the feed stream to the dehydration process.
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[0064] In certain configurations, an integrated rapid cycle adsorption system may be
utilized to remove multiple contaminants (e.g., water and COz). Suitable adsorbent material or
adsorbent layers may be utilized to provide the dehydration, which may be the same or different

from the adsorbent material used to in the removal of other contaminants, such as COx.

[0065] Moreover, the present techniques may include a specific process flow during
normal operation mode to remove contaminants, such as CO2 and/or water. For example, the
process may include an adsorbent step and a regeneration step, which form the cycle. The
adsorbent step may include passing a gaseous feed stream at a feed pressure and feed
temperature through an adsorbent bed unit to separate one or more contaminants from the
gaseous feed stream to form a product stream. The feed stream may be passed through the
adsorbent bed in a forward direction (e.g., from the feed end of the adsorbent bed to the product
end of the adsorbent bed). Then, the flow of the gaseous feed stream may be interrupted for a
regeneration step. The regeneration step may include one or more depressurization steps, one
or more heating steps, and/or one or more purge steps. The depressurization steps, which may
be or include a blowdown step, may include reducing the pressure of the adsorbent bed unit by
a predetermined amount for each successive depressurization step, which may be a single step
and/or multiple steps. The depressurization step may be provided in a forward direction or
may preferably be provided in a countercurrent direction (e.g., from the product end of the
adsorbent bed to the feed end of the adsorbent bed). The heating step may include passing a
heating stream into the adsorbent bed unit, which may be a recycled stream through the heating
loop and is used to heat the adsorbent material. The purge step may include passing a purge
stream into the adsorbent bed unit, which may be a once through purge step and the purge
stream may be provided in countercurrent flow relative to the feed stream. The purge stream
may be provided at a purge temperature and purge pressure, which may include the purge
temperature and purge pressure being similar to the heating temperature and heating pressure
used in the heating step. Then, the cycle may be repeated for additional streams. Additionally,
the process may include one or more re-pressurization steps after the purge step and prior to
the adsorption step. The one or more re-pressurization steps may be performed, wherein the
pressure within the adsorbent bed unit is increased with each re-pressurization step by a
predetermined amount with each successive re-pressurization step. The cycle duration for
normal operation mode may be for a period greater than 1 second and less than 600 seconds,
for a period greater than 2 second and less than 300 seconds, for a period greater than 2 second
and less than 180 seconds, for a period greater than 5 second and less than 150 seconds or for

a period greater than 5 second and less than 90 seconds.
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[0066] In other configurations, the startup mode may involve lower flow rates and longer
cycles. For example, the initial flow rate may be 25% of the normal flow rate utilized during
normal operation mode, which may have a startup mode cycle time of four times the normal
operation model cycle time. This initial flow rate may be increased in a stready manner or in
various increments until the normal operation mode is reached. By way of example, the startup
mode cycle duration may be for a period greater than 1 second and less than 2400 seconds, for
a period greater than 1 second and less than 1500 seconds, for a period greater than 1 second
and less than 1000 seconds, for a period greater than 1 second and less than 600 seconds, for a
period greater than 2 second and less than 800 seconds, for a period greater than 2 second and
less than 400 seconds, for a period greater than 5 second and less than 150 seconds or for a

period greater than 5 second and less than 90 seconds.

[0067] In yet other configurations, the startup mode may involve installation of adsorbent
beds that are partially or completely devoid of the contaminant being removed. By way of
example, if the swing adsorption process is primarily configured to remove water, then a
partially or totally dehydrated adsorbent bed may be installed in the system. During the start
mode, a feed stream is passed to the adsorbent bed, which may be as a wet gas, and a product
stream, which may be a dry stream, is conducted away and may be used as a purge stream to a
different adsorbent bed. Alteratively, another method may involve installation of an
adsorbent bed in the swing adsorption process that is treated or conditioned such that the
contaminant replaces a different molecule that is already adsorbed on the adsorbent bed. By
way of example, if the swing adsorption process is primarily configured to remove CO2, then
the adsorbent bed may include adsorbed particles, such as water, which may be installed in the
system. During the start mode, a feed stream is passed to the adsorbent bed, which may include
the CO:z contaminants, and a product stream may be conducted away and may be used as a

purge stream to a different adsorbent bed.

[0068] In one or more embodiments, the present techniques can be used for any type of
swing adsorption process. Non-limiting swing adsorption processes for which the present
techniques may be used include pressure swing adsorption (PSA), vacuum pressure swing
adsorption (VPSA), temperature swing adsorption (TSA), partial pressure swing adsorption
(PPSA), rapid cycle pressure swing adsorption (RCPSA), rapid cycle thermal swing adsorption
(RCTSA), rapid cycle partial pressure swing adsorption (RCPPSA), as well as combinations
of these processes. For example, the preferred swing adsorption process may include a
combined pressure swing adsorption and temperature swing adsorption, which may be

performed as a rapid cycle process. Exemplary swing adsorption processes are further
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described in U.S. Patent Serial Nos. 62/213262; 62/213267, 62/213270; 62/213273;
62/246916; 62/246920; and 62/246922 and U.S. Patent Application Publication Nos.
2008/0282892, 2008/0282887, 2008/0282886, 2008/0282885, 2008/0282884 and
20140013955, which are each herein incorporated by reference in their entirety.

[0069] In other configurations, the present techniques may invovle various variations. The
method may include mixing a slip stream from the downstream process with the at least a
portion of the first product stream prior to performing the second bed regeneration step; heating
the at least a portion of the first product stream prior to passing the at least the portion of the
first product stream through the second adsorbent bed unit, wherein the at least a portion of the
first product stream is heated to a temperature in the range between a temperature in the range
between 450 °F and the gaseous feed stream temperature; heating the purge product stream,
wherein the purge product stream is heated to a temperature 10°F greater than the dew point of
the purge product stream; separating one or more contaminants from the purge product stream
to form conditioned purge product stream and mixing the conditioned purge product stream
with the gaseous feed stream upstream of the swing adsorption process; wherein the
downstream process is a liquefied natural gas (LNG) process that comprises an LNG process
unit and separating a flash fuel stream from the LNG process unit to mixed with the at least a
portion of the first product stream prior to the second adsorbent bed unit; wherein the
downstream process is a cryogenic natural gas liquid recovery (NGL) process having a NGL
process unit; and further comprising separating an overhead stream from the NGL process unit
to be utilized as at least a portion of the purge stream; providing an external gas stream and
mixing the external gas stream with the portion of the first product stream, wherein the external
gas stream is a nitrogen containing stream having greater than one volume percent nitrogen
based on the total volume of the external stream; and/or a separating unit disposed upstream of
the purge manifold and downstream of the heating unit, wherein the separating unit is
configured to lessen the pressure of the product stream by at least 10% as compared to the

pressure of the product stream upstream of the separating unit.

[0070] Further still, in one or more embodiments, a variety of adsorbent materials may be
used to provide the mechanism for the separations. Examples include zeolite 3A, 4A, SA, ZK4
and MOF-74. However, the process is not limited to these adsorbent materials, and others may
be used as well. The present techniques may be further understood with reference to the

Figures 1 to 12 below.

[0071] Figure 1 is a three-dimensional diagram of the swing adsorption system 100 having
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six adsorbent bed units and interconnecting piping. While this configuration is a specific
example, the present techniques broadly relate to adsorbent bed units that can be deployed in a
symmetrical orientation, or non-symmetrical orientation and/or combination of a plurality of
hardware skids. Further, this specific configuration is for exemplary purposes as other

configurations may include different numbers of adsorbent bed units.

[0072] In this system, the adsorbent bed units, such as adsorbent bed unit 102, may be
configured for a cyclical swing adsorption process for removing contaminants from feed
streams (e.g., fluids, gaseous or liquids). For example, the adsorbent bed unit 102 may include
various conduits (e.g., conduit 104) for managing the flow of fluids through, to or from the
adsorbent bed within the adsorbent bed unit 102. These conduits from the adsorbent bed units
102 may be coupled to a manifold (e.g., manifold 106) to distribute the flow to, from or between
components. The adsorbent bed within an adsorbent bed unit may separate one or more
contaminants from the feed stream to form a product stream. As may be appreciated, the
adsorbent bed units may include other conduits to control other fluid steams as part of the
process, such as purge streams, depressurizations streams, and the like. In particular, the
adsorbent bed units may include startup mode equipment, such as one or more heating units
(not shown), one or more external gas source manifolds, which may be one of the manifolds
106) and one or more expanders, as noted further below, which is used as part of the startup
mode for the adsorbent beds. Further, the adsorbent bed unit may also include one or more
equalization vessels, such as equalization vessel 108, which are dedicated to the adsorbent bed
unit and may be dedicated to one or more step in the swing adsorption process. The
equalization vessel 108 may be used to store the external stream, such as nitrogen for use in

the startup mode cycle.

[0073] As an example, which is discussed further below in Figure 2, the adsorbent bed unit
102 may include a housing, which may include a head portion and other body portions, that
forms a substantially gas impermeable partition, an adsorbent bed disposed within the housing
and a plurality of valves (e.g., poppet valves) providing fluid flow passages through openings
in the housing between the interior region of the housing and locations external to the interior
region of the housing. Each of the poppet valves may include a disk element that is seatable
within the head or a disk element that is seatable within a separate valve seat inserted within
the head (not shown). The configuration of the poppet valves may be any variety of valve
patterns or configuration of types of poppet valves. As an example, the adsorbent bed unit may
include one or more poppet valves, each in flow communication with a different conduit

associated with different streams. The poppet valves may provide fluid communication
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between the adsorbent bed and one of the respective conduits, manifolds or headers. The term
"in direct flow communication" or “in direct fluid communication” means in direct flow
communication without intervening valves or other closure means for obstructing flow. As
may be appreciated, other variations may also be envisioned within the scope of the present

techniques.

[0074] The adsorbent bed comprises a solid adsorbent material capable of adsorbing one
or more components from the feed stream. Such solid adsorbent materials are selected to be
durable against the physical and chemical conditions within the adsorbent bed unit 102 and can
include metallic, ceramic, or other materials, depending on the adsorption process. Further

examples of adsorbent materials are noted further below.

[0075] Figure 2 is a diagram of a portion of an adsorbent bed unit 200 having valve
assemblies and manifolds in accordance with an embodiment of the present techniques. The
portion of the adsorbent bed unit 200, which may be a portion of the adsorbent bed unit 102 of
Figure 1, includes a housing or body, which may include a cylindrical wall 214 and cylindrical
insulation layer 216 along with an upper head 218 and a lower head 220. An adsorbent bed
210 is disposed between an upper head 218 and a lower head 220 and the insulation layer 216,
resulting in an upper open zone, and lower open zone, which open zones are comprised
substantially of open flow path volume. Such open flow path volume in adsorbent bed unit
contains gas that has to be managed for the various steps. The housing may be configured to

maintain a pressure from 0 bara (bar absolute) to 150 bara within the interior region.

[0076] The upper head 218 and lower head 220 contain openings in which valve structures
can be inserted, such as valve assemblies 222 to 240, respectively (e.g., poppet valves). The
upper or lower open flow path volume between the respective head 218 or 220 and adsorbent
bed 210 can also contain distribution lines (not shown) which directly introduce fluids into the
adsorbent bed 210. The upper head 218 contains various openings (not show) to provide flow
passages through the inlet manifolds 242 and 244 and the outlet manifolds 248, 250 and 252,
while the lower head 220 contains various openings (not shown) to provide flow passages
through the inlet manifold 254 and the outlet manifolds 256, 258 and 260. Disposed in fluid
communication with the respective manifolds 242 to 260 are the valve assemblies 222 to 240.
If the valve assemblies 222 to 240 are poppet valves, each may include a disk element
connected to a stem element which can be positioned within a bushing or valve guide. The
stem element may be connected to an actuating means, such as actuating means (not shown),

which is configured to have the respective valve impart linear motion to the respective stem.
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As may be appreciated, the actuating means may be operated independently for different steps
in the process to activate a single valve or a single actuating means may be utilized to control
two or more valves. Further, while the openings may be substantially similar in size, the
openings and inlet valves for inlet manifolds may have a smaller diameter than those for outlet
manifolds, given that the gas volumes passing through the inlets may tend to be lower than

product volumes passing through the outlets.

[0077] In swing adsorption processes, the cycle involves two or more steps that each has a
certain time interval, which are summed together to be the cycle time or cycle duration. These
steps include regeneration of the adsorbent bed following the adsorption step using a variety of
methods including pressure swing, vacuum swing, temperature swing, purging (via any
suitable type of purge fluid for the process), and combinations thereof. As an example, a PSA
cycle may include the steps of adsorption, depressurization, purging, and re-pressurization.
When performing the separation at high pressure, depressurization and re-pressurization
(which may be referred to as equalization) may be performed in multiple steps to reduce the
pressure change for each step and enhance efficiency. In some swing adsorption processes,
such as rapid cycle swing adsorption processes, a substantial portion of the total cycle time is
involved in the regeneration of the adsorbent bed. Accordingly, any reductions in the amount
of time for regeneration results in a reduction of the total cycle time. This reduction may also

reduce the overall size of the swing adsorption system.

[0078] Further, in startup mode for the swing adsorption process, one or more of the
manifolds and associated valves may be utilized as a dedicated flow path for one or more
startup streams. For example, during the adsorption or feed step, the manifold 242 and valve
assembly 222 may be utilized to pass the feed gas stream to the adsorbent bed 210, while the
valve assembly 236 and manifold 256 may be used to conduct away the product stream from
the adsorbent bed 210. During the regeneration or purge step, the manifold 244 and valve
assembly 224 may be utilized to pass the external gas stream or recycle stream to the adsorbent
bed 210, while the valve assembly 236 and manifold 256 may be used to conduct away the
purge product stream from the adsorbent bed 210. Accordingly, the manifold 244 and valve
assembly 224 may be utilized for startup mode processes, but remain inactive during normal
operation mode. As may be appreciated, the purge stream may be configured to flow counter

current to the feed stream in other embodiments.

[0079] Altemnatively, the startup mode for the swing adsorption process may involve

sharing one or more of the manifolds and associated valves during the normal operation mode
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and during startup mode. For example, the manifold 242 and valve assembly 222 may be
utilized to feed the gaseous feed stream to the adsorbent bed 210 during startup mode and
during normal operations, while the valve assembly 236 and manifold 256 may be used to
conduct away the product stream from the adsorbent bed 210 may be used to conduct away the
product stream during startup mode and during normal operation mode. During the
regeneration or purge step, the manifold 254 and valve assembly 232 may be utilized to pass
the external gas stream or recycle stream to the adsorbent bed 210 for startup mode and to pass
the purge stream to the adsorbent bed 210 for normal operation mode, while the valve assembly
226 and manifold 248 may be used to conduct away the purge product stream from the
adsorbent bed 210 during startup mode and normal operation mode. Beneficially, this
configuration may be utilized to lessen any additional valves or connections for startup mode
for adsorbent bed unit configurations that are subject to space limitations on the respective
heads.

[0080] During normal operation mode, a gaseous feed stream may be subject to various
processes to form a NGL stream or a LNG stream. For example, the process may include a
mercury removal unit to remove mercury from an input stream; a filter to remove both
particular and liquid droplets; a swing adsorption unit to remove one or more contaminants,
such as H20, CO:z and sulfur containing species; a LNG process unit or NGL process unit to
process the resulting stream into a final product that may be used for sales, shipment or storage.
In addition, the configuration may include one or more of a heating loop, a compressor, a

heating unit and/or a storage vessel.

[0081] As noted above, the present techniques include various procedures that may be
utilized for the startup mode of the swing adsorption process. The startup mode may include
an external startup mode. The external startup mode may include performing an adsorption
step and then a regeneration step for each of the adsorbent beds. The adsorption step may
include passing a gaseous feed stream through the adsorbent bed to adsorb one or more
contaminants from the gaseous feed stream and conducting away the resulting product stream
from the adsorbent bed unit. The resulting product stream may be passed to downstream
processing equipment and/or may be recycled to the adsorbent bed or another adsorbent bed
unit as the gaseous feed stream. The regeneration step may include passing an external stream
through the adsorbent bed to remove one or more contaminants from the adsorbent bed unit
(e.g., a portion of the contaminants within the adsorbent bed unit or within the voids of the
adsorbent bed) and conduct away the purge product stream from the adsorbent bed unit. The

purge product stream may be set to flare or may be combined with fuel gas.
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[0082] As an example, Figure 3 is an exemplary flow chart for performing an external
startup mode of a swing adsorption process in accordance with an embodiment of the present
techniques. In this flow chart 300, the startup mode process may involve the use of an external
gas stream to remove one or more contaminants from the adsorbent beds as part of the startup
mode cycle. Further, the startup mode process may include operating two or more adsorbent
bed units, which may each be performing different steps in the startup mode cycle. For each
of the adsorbent bed units, the swing adsorption process involves a startup mode process using
an external stream, as shown in blocks 302 to 308, which is described as being performed for
a single adsorbent bed unit for simplicity. Then, the adsorbent bed units may be used with the
downstream equipment, as shown in blocks 310 to 316, and normal operations mode are begun,
as shown in block 318. The external gas stream may include nitrogen and/or methane, as noted
above. The external stream may comprise predominately nitrogen and/or methane with less
than 0.1 ppm of water, or less than 10 ppm of water. The external gas stream may be anitrogen
containing stream having greater than one volume percent nitrogen based on the total volume

of the feed stream.

[0083] The process begins by performing the startup mode process for the adsorbent bed
units of the swing adsorption process, as shown in blocks 302 to 308. At block 302, a
regeneration step is performed for the adsorbent bed with an external stream. The external
stream may include nitrogen or methane and may be a dry stream (e.g., less than 10 ppm of
water, less than 1 ppm of water, or less than 0.1 ppm of water). The regeneration step, which
may be one or more purge steps may include passing the external stream through the adsorbent
bed to create a purge product stream that is conducted away from the adsorbent bed unit. The
product purge stream may include the external stream and a portion of the contaminants within
the adsorbent bed. This product purge stream may be intermingled with a fuel gas stream or
may be flared. Further, the external stream may be subjected to a heating step prior to being
passed to the adsorbent bed. The heating step may heat the external stream to a temperature
less than 550°F, less than 500 °F, less than 450 °F or less than 350 °F, and may be the gaseous
feed stream temperature, greater than 50 °F of the gaseous feed stream temperature, greater
than 100°F of the gaseous feed stream temperature or greater than 250 °F of the gaseous feed
stream temperature. For example, the external stream used during the purge step may be a
temperature in the range between 500°F and greater than 50 °F of the gaseous feed stream
temperature, in the range between 450°F and the gaseous feed stream temperature, in the range
between 450°F and greater than 100 °F of the gaseous feed stream temperature or 400°F and

greater than 200 °F of the gaseous feed stream temperature. The heating of the external stream
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may include passing the stream through a heat exchanger or similar heating unit to increase the
temperature of the external stream. At block 304, an adsorption step is performed for the
adsorbent bed. The adsorption step may include passing a gaseous feed stream through the
adsorbent bed to remove one or more contaminants from the gaseous feed stream and to create
aproduct stream that is conducted away from the adsorbent bed unit. At block 306, the product
stream may be measured. The product stream may be measured by taking samples, using a
moisture analyzer, using a gas chromatograph or using another gas component analysis
equipment. Then, at block 308, a determination may be made whether the product stream is
within specification. This determination may include analyzing the product stream to
determine the level of one or more of the contaminants within the product stream. If the product
stream is within specification (e.g., contaminants are at or below a specific threshold), the
product stream may be passed to downstream processes. However, if the product stream is not
within specifications (e.g., contaminants are above a specific threshold), the product stream
may be recycled to be intermingled with the gaseous feed stream and utilized as part of the

adsorption step, as shown in block 304,

[0084] Once the adsorbent bed units are passing the product stream to the downstream
process, the product stream may be used with the downstream equipment, as shown in blocks
310 to 316. At block 310, the startup mode for the downstream equipment may begin. The
startup mode for the downstream equipment may involve various steps prior to the passing of
product stream to the downstream equipment or may begin once the product stream is passed
to the downstream equipment. The downstream processes may include a CFZ process, a
cryogenic NGL recovery process, or an LNG process, with the associated equipment for each.
Further, during the downstream startup mode sequence, the adsorbent bed units may continue
to utilize the external stream for the purge step. At block 312, a purge stream may be passed
to the adsorbent bed units from the downstream process. The purge stream may include an
overhead stream or a slip stream from the downstream process. By way of example, the purge
stream from an NGL facility may be the demethanizer overhead, or the purge stream may be a
fuel gas stream for an LNG facility. Then, at block 314, the amount of external stream utilized
in the purge step may be adjusted. The adjustment may be based on the amount of the purge
stream being provided to the adsorbent bed units. For example, the flow rate of the external
stream may be lowered by 10%, 50%, or 90% based on the amount of purge stream from the
downstream processes and the desired flow rate. At block 316, the flow of the external stream
may be interrupted. The flow of the external stream may be interrupted once the downstream

process is producing a sufficent amount of purge stream at conditions close to steady operating
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conditions.

[0085] Once the startup mode process is complete, the normal operation mode may begin,
as shown in block 318. At block 318, normal operation mode is begun. The normal operation
mode may include passing the gaseous feed stream is passed to the adsorbent bed units for the
swing adsorption process to remove contaminants and pass the product stream to the
downstream process. Then, the downstream process may pass the product stream through the
various downstream equipment to produce a final product stream. The downstream process
may also pass a purge stream to the swing adsorption process, which may be utilized during
the regeneration step to remove contaminants from the adsorbent beds within the adsorbent bed

units.

[0086] As a specific example, the feed stream may be a natural gas stream that
predominately contains hydrocarbons, the external stream may be a nitrogen stream and the
contaminants within the adsorbent bed may be water. During the purge step for the respective
adsorbent bed, the nitrogen stream is passed through the adsorbent bed and water interacts with
the nitrogen stream to form the purge product stream, which includes the nitrogen and the

portion of the water removed from the adsorbent bed.

[0087] In addition, the product stream from the adsorbent bed units may be utilized in the
startup mode process for one or more downstream units, such as a demethanizer or a
liquefaction train. As the downstream processes and units are being started, the spent adsorbent
beds may be regenerated using the dry nitrogen stream as the purge stream. The dry nitrogen
stream may be heated. Alternatively, a heated slip stream from the product side may also be
used to regenerate the adsorbent beds during the purge step. Once the downstream processes
begin normal operation mode, the purge stream may be adjusted to be provided from a residue

gas stream, a fuel gas stream or other suitable stream from one of the downstream processes.

[0088] In certain embodiments, the purge product stream may be subjected to processes to
remove the contaminants from the external stream, such that the cleaned purge product stream
may be recycled to the adsorbent bed units as the external stream or intermingled with the
external stream. For example, if the external stream is a nitrogen stream and the contaminant
is water, the purge product stream may be heated and then may be subjected to a pressure drop
to separate the water from the nitrogen in the purge product stream. In this manner, the nitrogen
may be regenerated and recycled to the adsorbent beds to remove additional water from the

adsorbent beds during a subsequent purge step.

[0089] As further enhancements, the operating conditions may be adjusted during the
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external startup mode to manage the removal of contaminants from the adsorbent beds. By
way of example, flow rate may be in a range between 25 and 1000 million standard cubic feet
per day (MSCFD) during normal operation mode, while the flow rate may be in the range
between 6.25 and 500 MSCFD for startup mode. The flow rate may be increased during
subsequent purge steps until normal operation mode flow rates are reached. Also, the pressure
range of the external stream may be in a pressure range between atmospheric pressure and fifty
psi above atmospheric pressure. In addition, the temperature of the external stream may be
within a temperature range between 20° Celsius (C) above atmospheric temperature and 150°C
above atmospheric temperature. Further, the temperature of the external stream may be less
than 550°F, less than 500 °F, less than 450 °F or less than 350 °F, and may be the gaseous feed
stream temperature, greater than 50 °F of the gaseous feed stream temperature, greater than
100°F of the gaseous feed stream temperature or greater than 250 °F of the gaseous feed stream
temperature. For example, the external stream used during the purge step may be a temperature
in the range between 500°F and greater than 50 °F of the gaseous feed stream temperature, in
the range between 450°F and the gaseous feed stream temperature, in the range between 450°F
and greater than 100 °F of the gaseous feed stream temperature or 400°F and greater than 200

°F of the gaseous feed stream temperature.

[0090] To support the external startup mode process, a configuration of the swing
adsorption process may include additional bypass conduits and manifold to pass the external
stream to the adsorbent bed units during the purge step. The external stream may be provided
from an external source vessel through an external source conduit that is in fluid
communication with purge manifold. In addition, the configuration may include one or more
heating units that are upstream of the purge manifold and configured to heat the external stream
prior to passing through the adsorbent bed units and/or that are downstream of the purge
product manifold and configured to heat the purge product stream. The heating unit may
include a heat exchanger, a furnace, or the like. The configuration may also include one or
more separation units configured to separate one or more contaminants from the purge product
stream. The separation units may be a flash separation vessel that is configured to lower the
pressure of the stream to separate the contaminants from the remaining portion of the purge
product stream or may be an adsorption unit that interacts with the contaminants to separates
the contaminants from the remaining portion of the purge product stream. The contaminants
may be conducted away from the process, while the remaining portion of the purge product
stream may be passed to one or more regeneration units. The regeneration units may be utilized

to further purify the remaining portion of the purge product stream and/or compress the
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remaining portion of the purge product stream to form the external stream that is passed to the

adsorbent beds.

[0091] As an alternative method, the startup mode may include a recycle startup mode.
The recycle startup mode may include performing an adsorption step and then a regeneration
step for each of the adsorbent beds, which involves passing the product stream between
adsorbent beds. The adsorption step may include passing a gaseous feed stream through the
adsorbent bed to adsorb one or more contaminants from the gaseous feed stream and
conducting away the resulting product stream from the adsorbent bed unit. The resulting
product stream may be passed another or second adsorbent bed that is performing the
regeneration step. The product stream, which is utilized as the purge stream, may pass through
the adsorbent bed to remove one or more contaminants from the adsorbent bed unit (e.g., a
portion of the contaminants within the adsorbent bed unit or within the voids of the adsorbent
bed) and conduct away the purge product stream from the adsorbent bed unit. The purge

product stream may be set to flare or may be combined with a fuel gas stream.

[0092] As may be appreciated, multiple adsorbent bed units may be utilized in the process.
Each of these adsorbent bed units may be performing the startup mode sequence, but be
performing different steps. For example, some of the adsorbent bed units may be performing

the adsorption step and others are performing the purge step at any instance.

[0093] As an example, Figure 4 is an exemplary flow chart for performing a recycle startup
mode of a swing adsorption process in accordance with an embodiment of the present
techniques. In this flow chart 400, the startup mode process involves the use of the product
stream from one adsorbent bed unit as the purge stream for another adsorbent bed unit
performing a regeneration step. In this process, two or more adsorbent bed units are each
performing different steps in the startup mode cycle. For each of the adsorbent bed units, the
swing adsorption process involves a startup mode process using the product stream as the purge
stream, as shown in blocks 402 to 410, which is described as being performed for two adsorbent
bed units for simplicity. Then, the adsorbent bed units may be used with the downstream
equipment, as shown in blocks 412 to 418, and normal operations mode are begun, as shown

in block 420.

[0094] The process begins by performing the startup mode process for the adsorbent bed
units of the swing adsorption process, as shown in blocks 402 to 408. At block 402, an
adsorption step is performed for a first adsorbent bed unit. The adsorption step may include

passing a gaseous feed stream through the adsorbent bed to remove one or more contaminants

32



10

15

20

25

30

WO 2017/209860 PCT/US2017/029344

from the gaseous feed stream and to create a product stream that is conducted away from the
adsorbent bed unit. At block 404, the product stream may be measured. The product stream
may be measured by taking samples, using a moisture analyzer, using a gas chromatograph or
using another gas component analysis equipment. Then, at block 406, a determination may be
made whether the product stream is within specification. This determination may include
analyzing the product stream to determine the level of one or more of the contaminants within
the product stream. If the product stream is within specification (e.g., contaminants are at or
below a specific threshold), the product stream may be passed to downstream processes.
However, if the product stream is not within specifications (e.g., contaminants are above a
specific threshold), a portion of the product stream is passed to a second adsorbent bed unit
performing its regeneration step, as shown in block 408. The least a portion of the product
stream may be greater than 5 % of the product stream, greater than 50 % of the product stream
or greater than 75 % of the product stream. The purge product stream from the second
adsorbent bed unit may be flared or may be mixed with a fuel gas stream. At block 410, a
regeneration step for the first adsorbent bed unit using the product stream from another
adsorbent bed unit is performed. The product stream from another adsorbent bed unit may be
from the second adsorbent bed unit or one of the other adsorbent bed units in the swing
adsorption process configuration that is performing its adsorption step. The product stream
from another adsorbent bed unit may include passing the product stream as the purge stream
through the first adsorbent bed unit to create a purge product stream that is conducted away
from the first adsorbent bed unit. The product purge stream may include the product stream
and a portion of the contaminants within the first adsorbent bed unit. This product purge stream

may be intermingled with a fuel gas stream or may be flared.

[0095] Once the product stream is within specification, the product stream may be used
with the downstream equipment, as shown in blocks 412 to 418. At block 412, the startup
mode for the downstream equipment may begin. The startup mode for the downstream
equipment may involve various steps prior to the passing of product stream to the downstream
equipment or may begin once the product stream is passed to the downstream equipment. The
downstream processes may include a CFZ process, a cryogenic NGL recovery process, or an
LNG process, with the associated equipment for each. While the downstream process is
beginning startup mode, the adsorbent bed units may use a portion of the product stream as the
purge steam for the regeneration steps of the adsorbent bed units. At block 414, a purge stream
may be passed to the adsorbent bed units from the downstream process. The purge stream may

include an overhead stream or a slip stream from the downstream process. By way of example,
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the purge stream from an NGL facility may be the demethanizer overhead, or the purge stream
may be a fuel gas stream for an LNG facility. Then, at block 416, the amount of product stream
utilized in the regeneration step may be adjusted. The adjustment may be based on the amount
of the purge stream being provided to the adsorbent bed units. At block 418, the diversion of
flow of the product stream may be interrupted. The flow of the product stream may be lessened

and interrupted once the downstream process is producing a sufficent amount of purge stream.

[0096] Once the startup mode process is complete, the normal operation mode may begin,
as shown in block 420. At block 420, normal operation mode is begun. The normal operation
mode may include passing the gaseous feed stream is passed to the adsorbent bed units for the
swing adsorption process to remove contaminants and pass the product stream to the
downstream process. Then, the downstream process may pass the product stream through the
various downstream equipment to produce a final product stream. The downstream process
may also pass a purge stream to the swing adsorption process, which may be utilized during
the regeneration step to remove contaminants from the adsorbent beds within the adsorbent bed

units.

[0097] As a specific example, the feed stream may be a natural gas stream that
predominately contains hydrocarbons and the contaminants within the adsorbent bed may be
water. During the regeneration step for the respective adsorbent bed unit, the product stream
is passed through the adsorbent bed unit and water interacts with the product stream to form
the purge product stream, which includes the product steam and the portion of the water

removed from the respective adsorbent bed.

[0098] In addition, the product stream from the adsorbent bed units may be utilized in the
startup mode process for one or more downstream units, such as a demethanizer or a
liquefaction train. As the downstream processes and units are being started, the spent adsorbent
bed units may be regenerated using a portion of the product stream as the purge stream.
Alternatively, the portion of the product stream may be heated and then have the pressure
lowered prior to being passed to the other adsorbent bed unit during its regeneration step. Once
the downstream processes begin normal operation mode, the purge stream may be adjusted to
be provided from a residue gas stream, a fuel gas stream or other suitable stream from one of

the downstream processes.

[0099] In certain embodiments, the product stream may be further conditioned prior to
being provided to the subsequent adsorbent bed unit during its regeneration step, as the purge

stream. In particular, the product stream may be subjected to a heating step prior to being
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passed to the second adsorbent bed unit performing its regeneration step. The heating step may
heat the product stream to a temperature less than 550°F, less than 500 °F, less than 450 °F or
less than 350 °F, and may be the gaseous feed stream temperature, greater than 50 °F of the
gaseous feed stream temperature, greater than 100°F of the gaseous feed stream temperature or
greater than 250 °F of the gaseous feed stream temperature. For example, the product stream
used during the purge step may be a temperature in the range between 500°F and greater than
50 °F of the gaseous feed stream temperature, in the range between 450°F and the gaseous feed
stream temperature, in the range between 450°F and greater than 100 °F of the gaseous feed
stream temperature or 400°F and greater than 200 °F of the gaseous feed stream temperature.
The heating of the product stream may include passing the stream through a heat exchanger or
similar heating unit to increase the temperature of the product stream. Further, the product
stream may be subjected to a depressurization step prior to being passed to the second adsorbent
bed unit performing its regeneration step. The depressurization step, which may be prior to the
heating step or following the heating step, may lower the pressure of the product stream to a
pressure in the range from between 0.1 bar absolute (bara) and 100 bara, which is lower than
the pressure within the product stream. The pressure may be lowered by at least 10%, by at
least 20% or at least 30 % relative to the pressure of the product stream exiting the adsorbent
bed. The depressurizing of the product stream may include passing the stream through an

expander or flash separation vessel to lower the pressure of the product stream.

[0100] As further enhancements, the operating conditions may be adjusted during the
recycle startup mode to manage the removal of contaminants from the adsorbent bed units. By
way of example, the flow rate may be in a range between 25 and 1000 million standard cubic
feet per day (MSCFD) during normal operation mode, while the flow rate may be in the range
between 6.25 and 500 MSCFD for startup mode. The flow rate may be increased during
subsequent purge steps until normal operation mode flow rates are reached. Also, the pressure
range of the product stream may be in a pressure range between atmospheric pressure and fifty
psi above atmospheric pressure. In addition, the temperature of the product stream may be
within a temperature range between 20° Celsius (C) above atmospheric temperature and 100°
Celsius (C) above atmospheric temperature.

[0101] In yet other embodiment, the purge product stream may be subject to conditioning
steps to recovery the hydrocarbons from the regeneration step. Then, the conditioned purge
product stream may be recycled to the adsorbent bed units as the gaseous feed stream or
intermingled with the gaseous feed stream. For example, the purge product stream may be

heated or cooled and then may be subjected to a flash separation to separate the water from the
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remaining portion of the purge product stream. The purge product stream may be heated to a
temperature greater than 250°F, greater than 350°F or greater than 450°F. In other
configurations, the purge product stream is heated to a temperature 5°F greater than the dew
point of the purge product stream; 10°F greater than the dew point of the purge product stream;
or 20°F greater than the dew point of the purge product stream. By heating the purge product
stream above the dew point, the heated purge product stream may be used in a subsequent
process, such as a gas turbine. In this manner, the nitrogen may be regenerated and recycled
to the adsorbent beds to remove additional water from the adsorbent beds during a subsequent
purge step. In addition, the purge product may be cooled or compressed to remove
contaminants and may be recycled to be at least a portion of the feed stream or to be at least a
portion of the product stream. For example, a flash separation may be utilized to remove
contaminants.

[0102] To support the recycle startup mode process, a configuration of the swing
adsorption process may include additional bypass conduits and manifold to pass the product
stream or a portion of the process stream to the other adsorbent bed units during their
regeneration step. The configuration may also include one or more heating units that are
upstream of the purge manifold and configured to heat the product stream prior to passing
through the adsorbent bed units and/or that are downstream of the purge product manifold and
configured to heat the purge product stream. The heating unit may include a heat exchanger,
a furnace, or the like. The configuration may also include one or more depressurization units
configured to lower the pressure of the product stream. The depressurization units may include
one or more expanders and/or one or more separation units. The separation units, which may
be a flash separation vessel, may be configured to separate one or more contaminants from the
product stream. Further, the configuration may include one or more regeneration units that are
configured to purify the purge product stream to remove contaminants from the purge product
stream.

[0103] Exemplary embodiments of steps that may be performed in the startup mode
process are shown in Figures 5 to Figure 12. Figure 5 is an exemplary diagram 500 of a startup
mode step in accordance with an embodiment of the present techniques. In this diagram 500,
an adsorbent bed heating step is shown. In this heating step, a feed stream, which may be a
wet gas stream, may be passed via conduit 502 to a heating unit 504. The heating unit 504 may
be configured to heat the feed stream to a temperature less than 550°F, less than 500 °F, less
than 450 °F or less than 350 °F, and may be the gaseous feed stream temperature, greater than

50 °F of the gaseous feed stream temperature, greater than 100°F of the gaseous feed stream
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temperature or greater than 250 °F of the gaseous feed stream temperature. For example, the
stream used during the purge step may be a temperature in the range between 500°F and 50 °F,
in the range between 450°F and 100 °F or 400°F and 200 °F (e.g., at a temperature higher than
the feed stream temperature). Then, the heated stream may be passed to a depressurization unit
506. The depressurization unit 506 may be configured to lower the pressure of the heated
stream to a pressure in the range of 0.1 bar absolute (bara) and 100 bara, which is lower than
the pressure within the stream prior to the depressurization unit 506 or which may lower the
pressure by at least 10%, by at least 20% or at least 30% relative to the pressure of the stream
prior to the depressurization unit 506. Then, the resulting purge stream is passed from the
depressurization unit 506 to the adsorbent bed unit 508 as a purge stream. The purge stream
may be passed through the adsorbent bed unit to remove one or more contaminants from the
adsorbent bed unit 508 and conducted away via conduit 510 as a purge product stream.

[0104] In this diagram 500, the adsorbent bed unit 508 may initially be at equilibrium with
ambient conditions. Then, the feed stream is heated to remove contaminants, such as water.
The feed stream may also be replaced with an external feed, such as nitrogen if available.
[0105] Figures 6A and 6B are exemplary diagrams 600 and 620 associated with another
startup mode step in accordance with an embodiment of the present techniques. In the diagram
600 of Figure 6A, a blowdown step is shown. In this blowdown step, a blowdown stream,
which may be a portion of the gas within the adsorbent bed unit 602, may be passed via conduit
604 to a flare (not shown). The blowdown step may be utilized to remove a large amount of
contaminants, such as water, from the adsorbent bed unit 602.

[0106] In Figure 6B, a diagram 620 of a pressure response 626 is shown along a adsorption
axis 622 in moles per kilogram (mol/kg) with respect to a pressure axis 622 in bars. In this
diagram 620, the response 626 shows equilibrium loading as a function of the partial pressure.
As pressure in the adsorbent bed is reduced, the partial pressure lowers resulting in a lower
loading on the adsorbent material. This results in desorption of contaminant from the adsorbent
bed which may be conducted away to flare.

[0107] Figure 7 is an exemplary diagram 700 associated with yet another startup mode step
in accordance with an embodiment of the present techniques. In this diagram 700, an external
gas purge step is shown. In this external gas purge step, an external gaseous stream, which
may be a predominately nitrogen stream, may be passed via conduit 702 to a heating unit 704.
The heating unit 704 may be configured to heat the external gas stream to a temperature less
than 550°F, less than 500 °F, less than 450 °F or less than 350 °F, and may be the gaseous feed

stream temperature, greater than 50 °F of the gaseous feed stream temperature, greater than
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100°F of the gaseous feed stream temperature or greater than 250 °F of the gaseous feed stream
temperature. For example, the product stream used during the purge step may be a temperature
in the range between 500°F and greater than 50 °F of the gaseous feed stream temperature, in
the range between 450°F and the gaseous feed stream temperature, in the range between 450°F
and greater than 100 °F of the gaseous feed stream temperature or 400°F and greater than 200
°F of the gaseous feed stream temperature. Then, the heated external gas stream may be passed
to the adsorbent bed unit 706 as a heated purge stream. The heated purge stream may be passed
through the adsorbent bed unit 706 to remove one or more contaminants from the adsorbent
bed unit 706 and conducted away via conduit 708 as a purge product stream. The purge product
stream may be subjected to conditioning and/or flared.

[0108] Figure 8 is an exemplary diagram 800 associated with the recycle startup mode step
in accordance with an embodiment of the present techniques. In this diagram 800, two
adsorbent bed units are shown performing different steps in the respective startup mode
sequence. The first adsorbent bed unit 802 may be performing an adsorption step, while the
second adsorbent bed unit 804 may be performing a regeneration step (e.g., a purge step). In
the adsorption step, a feed stream may be passed via conduit 806 to first adsorbent bed unit
802. The feed stream may interact with the adsorbent bed within the adsorbent bed unit 802 to
remove one or more contaminants from the feed stream and the resulting stream may be
conducted away via a conduit to a heating unit 808. The heating unit 808 may be configured
to heat the product stream to a temperature of less than 550°F, less than 500 °F, less than 450°F
or less than 350 °F, and may be the gaseous feed stream temperature, greater than S0°F of the
gaseous feed stream temperature, greater than 100°F of the gaseous feed stream temperature or
greater than 250°F of the gaseous feed stream temperature. For example, the product stream
used during the purge step may be a temperature in the range between 500°F and greater than
50°F of the gaseous feed stream temperature, in the range between 450°F and the gaseous feed
stream temperature, in the range between 450°F and greater than 100°F of the gaseous feed
stream temperature or 400°F and greater than 200°F of the gaseous feed stream temperature.
Then, the heated product stream may be passed to a depressurization unit 810. The
depressurization unit 8§10 may be configured to lower the pressure of the heated product stream
to a pressure in the range between 0.1 bar absolute (bara) and 100 bara, which is lower than the
pressure within the stream prior to the depressurization unit 810 or which may lower the
pressure by at least 10%, by at least 20% or at least 30% relative to the pressure of the stream
prior to the depressurization unit 810. Then, the resulting stream is passed from the

depressurization unit 810 to the second adsorbent bed unit 804 as a purge stream during the
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regeneration step for the second adsorbent bed unit 804. The purge stream may be passed
through the second adsorbent bed unit 804 to remove one or more contaminants from the
adsorbent bed within the second adsorbent bed unit 804 and conducted away via conduit 812
as a purge product stream. The purge product stream may be intermingled with a fuel stream,
subject to additional conditioning and/or flared.

[0109] Beneficially, in this recycle startup mode step, the feed to the process is utilized to
condition the adsorbent bed units within the process, which is a self-supporting conditioning
process for the adsorbent bed units within the swing adsorption process. This process may
continue until the product stream satisfies the predetermined specification for the downstream
process. Further, another enhancement the cycle timing, flow rates, pressures and temperatures
may be adjusted as necessary for the process.

[0110] Figures 9A and 9B are exemplary diagrams 900 and 920 associated with the recycle
startup mode step in accordance with an embodiment of the present techniques. These
diagrams are associated with the configuration from Figure 8. In Figure 9A, a diagram 900 of
a contaminant response 908 is shown along a contaminant axis 902 in parts per million (ppm)
with respect to a cycle axis 904 representing the number of cycles performed. In this diagram
900, the contaminant response 908 continues to decrease for each cycle performed with the
adsorbent bed units, which are shown by the different dots that form the contaminant response
908. The specification or predetermined threshold 906 is shown as being set at 0.1 ppm. The
process using this startup mode sequence reaches the specification at the 10th cycle. This
diagram 900 shows the concentration of water in the product stream after each subsequent
cycle.

[0111] In Figure 9B, a diagram 920 of contaminant adsorption responses 930, 931, 932,
933, 934, 935, 936, 937 and 938 is shown along an adsorption axis 922 in mol/kg with respect
to an axial position in bed axis 924, which is a normalized location represent by the axial
position divided by the length of the adsorbent bed. In this diagram 920, the response 930 is
for the before the cycles begin, response 931 is for the first cycle, response 932 is for the second
cycle, response 933 is for the fourth cycle, response 934 is for the sixth cycle, response 935 is
for the eighth cycle, response 936 is for the tenth cycle, response 937 is for the twelfth cycle
and response 938 is for the fourteenth cycle. The contaminant adsorption responses 930, 931,
932, 933, 934, 935, 936, 937 and 938 continues to decrease for each cycle performed with the
adsorbent bed units. This diagram 920 shows the adsorbent loading as a function of position
in the adsorbent bed. Initially, the whole bed is in equilibrium with the ambient conditions.

After the first cycle, the product end of the bed starts to become dehydrated. By the 10th cycle,
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a desired adsorbent bed profile has been reached where the resulting product stream is at
specification.

[0112] Figure 10 is an exemplary diagram 1000 associated with another startup mode step
in accordance with an embodiment of the present techniques. In this diagram 1000, two
adsorbent bed units 1002 and 1004 are shown performing different steps in the respective
recycle startup mode sequence after the product stream has reached a level that satisfies the
predetermined threshold. This step would be performed in one or more cycles following
performance of the cycles in Figure 8 and may be used to startup the downstream processes,
such as an NGL system. The first adsorbent bed unit 1002 may be performing an adsorption
step, while the second adsorbent bed unit 1004 may be performing a regeneration step (e.g., a
purge step). In the adsorption step, a feed stream may be passed via conduit 1006 to first
adsorbent bed unit 1002. The feed stream may interact with the adsorbent bed within the first
adsorbent bed unit 1002 to remove one or more contaminants from the feed stream and the
resulting stream may be conducted away via a conduit to a splitter 1008. The splitter 1008 may
pass a first portion of the product stream to a downstream process via conduit 1010 and may
pass a second portion of the product stream to a heating unit 1012 via conduit 1014. The splitter
may be an adjustable valve or group of valves. The heating unit 1012 may be configured to
heat the second portion of the product stream to a temperature greater than 250°F, greater than
350°F or greater than 450°F. Then, the heated stream may be passed to a depressurization unit
1016. The depressurization unit 1016 may be configured to lower the pressure of the heated
stream to a pressure in the range between 0.1 bar absolute (bara) and 100 bara, which is lower
than the pressure within the stream prior to the depressurization unit 1016 or which may lower
the pressure by at least 10%, by at least 20% or at least 30% relative to the pressure of the
stream prior to the depressurization unit 1016. Then, the resulting stream is passed from the
depressurization unit 1016 to the second adsorbent bed unit 1004 as a purge stream during the
regeneration step for the second adsorbent bed unit 1004. The purge stream may be passed
through the second adsorbent bed unit 1004 to remove one or more contaminants from the
adsorbent bed within the second adsorbent bed unit 1004 and conducted away via conduit 1018
as a purge product stream. The purge product stream may be intermingled with a fuel stream,
subject to additional conditioning and/or flared.

[0113] Figure 11 is an exemplary diagram 1100 associated with still another startup mode
step in accordance with an embodiment of the present techniques. In this diagram 1100, two
adsorbent bed units 1002 and 1004 are shown performing different steps in the respective

recycle startup mode sequence after the product stream has reached a level that satisfies the
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predetermined threshold and after the downstream process is providing a purge stream to the
adsorbent bed units 1002 and 1004. This step may be performed in one or more cycles
following performance of the cycles in Figure 10, which may include similar reference numbers
to Figure 10, and may be used to transition to normal operation for the swing adsorption process
and/or the downstream processes. In this configuration, the splitter 1008 may be adjusted to
increase the first portion of the product stream being provided to the downstream process via
conduit 1010 and may lessen the second portion of the product stream being provided to the
heating unit 1012 via conduit 1014 and the depressurization unit 1016. The adjustment may
be based on the volume of overhead stream being provided from the downstream process via
conduit 1102. The adjustment may include using a valve and/or control system in a cascaded
configuration, adjusting the flow rate with a valve or blocking flow with one or more valves.
This process may be utilized to transition the swing adsorption process from a RCTSA process
to a RCPSA process. Also, this process may be used for the startup of an NGL process and/or
LNG process.

[0114] Figure 12 is an exemplary diagram 1200 associated with normal operation mode.
In this diagram 1200, two adsorbent bed units 1202 and 1204 are shown performing different
steps in the respective normal operation mode sequence after the startup mode is complete.
The first adsorbent bed unit 1202 may be performing an adsorption step, while the second
adsorbent bed unit 1204 may be performing a regeneration step (e.g., a purge step). In the
adsorption step, a feed stream may be passed via conduit 1206 to first adsorbent bed unit 1202.
The feed stream may interact with the adsorbent bed within the first adsorbent bed unit 1202
to remove one or more contaminants from the feed stream and the resulting stream may be
conducted away via a conduit 1208 to a downstream process. For the regeneration step, the
purge stream is passed via conduit 1210 from the downstream process to the second adsorbent
bed unit 1204. The purge stream may be passed through the second adsorbent bed unit 1204
to remove one or more contaminants from the adsorbent bed within the second adsorbent bed
unit 1204 and conducted away via conduit 1212 as a purge product stream. The purge product
stream may be intermingled with a fuel stream, provided to a residue gas compressor or other
additional conditioning process.

[0115] As may be appreciated, the startup mode process may include various combination
of steps to perform the startup mode process. The startup modes may be integrated together to
form an integrated startup mode. For example, the startup process may utilize the external
startup mode sequence for some initial cycles, then may transition to the recycle startup mode

sequence. Further, the startup mode step of Figure 8 may be utilized after the startup mode

41



10

15

20

25

30

WO 2017/209860 PCT/US2017/029344

step of Figure 7 and/or after the startup mode step of Figure 3.

[0116] In one or more embodiments, the material may include an adsorbent material
supported on a non-adsorbent support. The adsorbent materials may include alumina,
microporous zeolites, carbons, cationic zeolites, high silica zeolites, highly siliceous ordered
mesoporous materials, sol gel materials, aluminum phosphorous and oxygen (ALPO) materials
(microporous and mesoporous materials containing predominantly aluminum phosphorous and
oxygen), silicon aluminum phosphorous and oxygen (SAPO) materials (microporous and
mesoporous materials containing predominantly silicon aluminum phosphorous and oxygen),
metal organic framework (MOF) materials (microporous and mesoporous materials comprised
of a metal organic framework) and zeolitic imidazolate frameworks (ZIF) materials
(microporous and mesoporous materials comprised of zeolitic imidazolate frameworks). Other
materials include microporous and mesoporous sorbents functionalized with functional groups.
Examples of functional groups include primary, secondary, tertiary amines and other non
protogenic basic groups such as amidines, guanidines and biguanides.

[0117] In one or more embodiments, the adsorbent bed unit may be utilized to separate
contaminants from a feed stream during normal operation mode. The method may include
passing a gaseous feed stream at a feed pressure through an adsorbent bed unit having an
adsorbent contactor to separate one or more contaminants from the gaseous feed stream to form
a product stream, wherein the adsorbent contactor has a first portion and a second portion;
interrupting the flow of the gaseous feed stream; performing a depressurization step, wherein
the depressurization step reduces the pressure within the adsorbent bed unit; performing an
optional heating step, wherein the heating step increases the temperature of the adsorbent bed
unit to form a temperature differential between the feed end of the adsorbent bed and the
product end of the adsorbent bed; and performing a purge step, wherein the purge step reduces
the pressure within the adsorbent bed unit; performing a re-pressurization step, wherein the re-
pressurization step increases the pressure within the adsorbent bed unit; and repeating the steps
a) to e) for at least one additional cycle.

[0118] Further, in one or more embodiments, the adsorbent bed unit may include an
adsorbent bed that can be used for the separation of a target gas form a gaseous mixture. The
adsorbent is usually comprised of an adsorbent material supported on a non-adsorbent support,
or contactor. Such contactors contain substantially parallel flow channels wherein 20 volume
percent, preferably 15 volume percent or less of the open pore volume of the contactor,
excluding the flow channels, is in pores greater than about 20 angstroms. A flow channel is

taken to be that portion of the contactor in which gas flows, if a steady state pressure difference
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is applied between the point or place at which a feed stream enters the contactor and the point
or place at which a product stream leaves the contactor. In the contactor, the adsorbent is
incorporated into the wall of the flow channel.

[0119] In one or more embodiments, when using RCTSA or an integrated RCPSA and
RCTSA process, the total cycle times for normal operation mode are typically less than 600
seconds, preferably less than 400 seconds, preferably less than 300 seconds, preferably less
than 250 seconds, preferably less than 180 seconds, more preferably less than 90 seconds, and
even more preferably less than 60 seconds. In other embodiment, the rapid cycle configuration
may be operated at lower flow rates during startup mode as compared to normal operation
mode, which may result in the cycle durations being longer than the cycle durations during
normal operation mode. For example, the startup mode cycle duration may be for a period
greater than 1 second and less than 2400 seconds, for a period greater than 1 second and less
than 1500 seconds, for a period greater than 1 second and less than 1000 seconds, for a period
greater than 1 second and less than 600 seconds, for a period greater than 2 second and less
than 800 seconds, for a period greater than 2 second and less than 400 seconds, for a period
greater than 5 second and less than 150 seconds or for a period greater than 5 second and less
than 90 seconds.

[0120] In view of the many possible embodiments to which the principles of the disclosed
invention may be applied, it should be recognized that the illustrative embodiments are only
preferred examples of the invention and should not be taken as limiting the scope of the

nvention.
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CLAIMS
What is claimed is:

1. A process for removing contaminants from a gaseous feed stream with a swing

adsorption process, the process comprising:

passing a gaseous feed stream to a swing adsorption process that comprises a plurality of
adsorbent bed units, each of the adsorbent bed units performs a swing adsorption cycle
that includes an adsorption step and a regeneration step; wherein the swing adsorption

cycle comprises:

performing a first bed adsorption step for a first adsorbent bed unit of the plurality of
adsorbent bed units that comprises passing a gaseous feed stream through the
first adsorbent bed unit having a first adsorbent bed to separate one or more

contaminants from the gaseous feed stream to form a first product stream; and

performing a second bed regeneration step for a second adsorbent bed unit of the
plurality of adsorbent bed units that comprises passing at least a portion of the
first product stream through the second adsorbent bed unit having a second
adsorbent bed to separate one or more contaminants from the second adsorbent

bed to form a first purge product stream.

2. The process of claim 1, further comprising:

determining whether the first product stream is within a specification for a contaminant;

if the first product stream is within the specification, passing at least a portion of the first
product stream to a downstream process;

if the first product stream is not within the specification, performing a regeneration step for the
first adsorbent bed unit that comprises passing a portion of a second product stream
through the first adsorbent bed unit to separate one or more contaminants from the first
adsorbent bed to form a second purge product stream, wherein the second product

stream is provided from another of the plurality of adsorbent bed units; and

repeating the adsorbent step for the first adsorbent bed unit.

3. The process of any one of claims 1 to 2, further comprising mixing a slip stream from
the downstream process with the at least a portion of the first product stream prior to performing

the second bed regeneration step.
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4, The process of claim 3, further comprising adjusting the amount of at least a portion of
the first product stream utilized in the second bed regeneration step based on the amount of slip

stream from the downstream process.

5. The process of any one of claims 1 to 4, further comprising heating the at least a portion
of the first product stream prior to passing the at least the portion of the first product stream
through the second adsorbent bed unit, wherein the at least a portion of the first product stream
is heated to a temperature in the range between a temperature in the range between 450 °F and

the gaseous feed stream temperature.

6. The process of any one of claims 1 to 5, further comprising separating one or more
contaminants from the at least the portion of the first product stream prior to passing the at least

the portion of the first product stream through the second adsorbent bed unit.

7. The process of claim 6, wherein the separating further comprises reducing the pressure
of the at least the portion of the first product stream by at least 10% relative to the pressure of

the stream prior to the separating the one or more contaminants.

8. The process of any one of claims 1 to 7, further comprising heating the purge product
stream, wherein the purge product stream is heated to a temperature 10°F greater than the dew

point of the purge product stream.

9. The process of claim 8, further comprising:

separating one or more contaminants from the purge product stream to form conditioned purge

product stream; and

mixing the conditioned purge product stream with the gaseous feed stream upstream of the

swing adsorption process.

10.  The process of any one of claims 1 to 9, wherein the cycle duration is for a period

greater than 1 second and less than 2400 seconds.
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11.  The process of any one of claims 1 to 10, wherein the gaseous feed stream is a
hydrocarbon containing stream having greater than one volume percent hydrocarbons based on

the total volume of the feed stream.

12.  The process of any one of claims 1 to 11, wherein the gaseous feed stream comprises
hydrocarbons and CO2, wherein the CO2 content is in the range of two hundred parts per million

volume and less than or equal to about 2% volume of the gaseous feed stream.

13. The process of any one of claims 1 to 12, wherein the swing adsorption process is

configured to lower the carbon dioxide (COz) level to less than 50 parts per million.

14.  The process of any one of claims 1 to 13, wherein the gaseous feed stream comprises
hydrocarbons and H20, wherein the H20 is in the range of 0.2 parts per million volume to

saturation levels in the gaseous feed stream.

15.  The process of any one of claims 1 to 13, wherein the gaseous feed stream comprises
hydrocarbons and H20, wherein the H20 is in the range of 100 parts per million volume to

1500 parts per million volume.

16.  The process of any one of claims 1 to 15, wherein the downstream process is a liquefied

natural gas (LNG) process that comprises an LNG process unit; and

separating a flash fuel stream from the LNG process unit to mixed with the at least a

portion of the first product stream prior to the second adsorbent bed unit.

17.  The process of any one of claims 1 to 15, wherein the downstream process is a
cryogenic natural gas liquid recovery (NGL) process having a NGL process unit; and further
comprising separating an overhead stream from the NGL process unit to be utilized as at least

a portion of the purge stream.

18.  The process of any one of claims 1 to 17, wherein the cycle duration is greater than 2

seconds and less than 800 seconds.
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19. The process of any one of claims 1 to 18, further comprising providing an external gas
stream and mixing the external gas stream with the portion of the first product stream, wherein
the external gas stream is a nitrogen containing stream having greater than one volume percent

nitrogen based on the total volume of the external stream.

20.  The process of any one of claims 1 to 18 wherein the at least a portion of the first

product stream is greater than 50 % of the product stream.

21. The process of any one of claims 1 to 18 wherein the at least a portion of the first

10 product stream is greater than 75 % of the product stream.

22. A cyclical swing adsorption system comprising:

a plurality of manifolds, wherein the plurality of manifolds comprise a feed manifold

configured to pass a feed stream to the plurality of adsorbent bed units during an adsorption

15  step, a product manifold configured to pass a product stream from the plurality of adsorbent
bed units during the adsorption step, a purge manifold configured to pass a purge stream to the
plurality of adsorbent bed units during a regeneration step, a purge product manifold configured

to pass a purge product stream from the plurality of adsorbent bed units during the regeneration

step, each manifold of the plurality of manifolds is associated with one swing adsorption

20  process step of a plurality of swing adsorption process steps;

a plurality of adsorbent bed units coupled to the plurality of manifolds, each of the

adsorbent bed units comprising:
a housing;
an adsorbent material disposed within the housing;

25 a plurality of valves, wherein at least one of the plurality of valves is associated
with one of the plurality of manifolds and is configured to manage fluid flow along a

flow path extending between the respective manifold and the adsorbent material;

a startup mode bypass valve in fluid communication with purge manifold and the
product manifold and configured to provide a flow passage between the product manifold and
30  the purge manifold in a startup mode position and configured to block the flow passage between

the product manifold and the purge manifold in a normal operation mode position.
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23.  The cyclical swing adsorption system of claim 22, wherein the plurality of valves

comprise one or more poppet valves.

24, The cyclical swing adsorption system of any one of claims 22 to 23, wherein the
plurality of adsorbent bed units are configured to operate at pressures between 0.1 bar absolute

(bara) and 100 bara.

25. The cyclical swing adsorption system of any one of the claims 22 to 24, further
comprising a heating unit disposed upstream of the purge manifold and downstream of the
product manifold, wherein the heating unit is configured to heat the product stream to a

temperature in the range between 450 °F and the gaseous feed stream temperature.

26. The cyclical swing adsorption system of claim 25, further comprising a separating unit
disposed upstream of the purge manifold and downstream of the heating unit, wherein the
separating unit is configured to lessen the pressure of the product stream by at least 10% as

compared to the pressure of the product stream upstream of the separating unit.

27. The cyclical swing adsorption system of any one of the claims 22 to 26, further
comprising a conditioning unit disposed downstream of the purge product manifold and
upstream of the feed manifold, wherein the conditioning unit is configured to remove one or

more contaminants from the purge product stream.

28.  The cyclical swing adsorption system of any one of the claims 22 to 27, wherein the
plurality of manifolds further comprise a blowdown manifold configured to pass a blowdown

stream from the plurality of adsorbent bed units during a blowdown step.

29. The cyclical swing adsorption system of any one of the claims 22 to 28, further
comprising a liquefied natural gas process unit in fluid communication with the adsorbent bed

unit and configured to receive the product stream and separate the product stream into a final
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product stream and a flash fuel stream, wherein the flash fuel stream is passed to the purge

manifold.

30. The cyclical swing adsorption system of any one of the claims 22 to 28, further
comprising a cryogenic natural gas liquid recovery (NGL) process unit in fluid communication
with the adsorbent bed unit and configured to receive the product stream and separate the
product stream into a final product stream and a residue gas stream, wherein the residue gas

stream is passed to the purge manifold.

31. A process for removing contaminants from a gaseous feed stream with a swing

adsorption process, the process comprising:

passing a gaseous feed stream to a swing adsorption process that comprises a plurality of
adsorbent bed units, each of the adsorbent bed units performs a swing adsorption cycle
that includes an adsorption step and a regeneration step; wherein the swing adsorption

cycle comprises:

performing a adsorption step for one of the plurality of adsorbent bed units that
comprises passing a portion of the gaseous feed stream through the one of the
plurality of adsorbent bed units to remove one or more contaminants from the
gaseous feed stream and conduct away a product stream; and

performing a regeneration step for the one of the plurality of adsorbent bed units that
comprises passing at least a portion of a product stream from another of the
plurality of adsorbent bed units through the one of the plurality of adsorbent bed
units to remove one or more contaminants from the one of the plurality of

adsorbent bed units and conduct away a purge product stream.
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