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SEPARATIONS WITH IONIC LIQUID SOLVENTS
FIELD
[0001] The disclosure relates to the separation of one or more gaseous components from a
process stream using an ionic liquid solvent.
BACKGROUND
[0002] There are many process streams in commercial processing facilities, including facilities
in the chemical, petrochemical, polymerization, oil, and gas industries, which contain two or
more fluid components. Examples of process streams containing two or more fluid components
include: polymerization process streams, ethane cracker process streams, natural gas process
streams, syngas process streams, biomass gasification process streams, Fischer-Tropsch process
streams, alkane dehydrogenation process streams, and alcohol dehydration process streams.
Sometimes it is desirable to separate the fluid components of a process stream so as to “upgrade”
the process stream and/or to recover a fluid component of value.
[0003] Separation techniques include conventional distillation, absorption using ionic liquid
membranes, and absorption using aqueous solutions of metal salts. Distillation requires a large
number of stages and/or high reflux ratios when fluid components have close boiling points and
can be cost-prohibitive. Ionic liquid membranes are limited by membrane diffusion rates and
can have poor flux or require significant capital expenditure for commercial applications. The
water in an aqueous solution of metal salts has a significant vapor pressure which makes
recovery of the separated component from the aqueous solution inefficient (e.g., water is
typically carried with the component after the component is separated from the aqueous solution,
requiring de-watering).
[0004] There is an ongoing need for improved separation techniques for process streams in
commercial processing facilities.
SUMMARY
[0005] The disclosed embodiments include a method comprising providing a process stream
comprising a gaseous component; capturing at least a portion of the gaseous component from the
process stream by an ionic liquid solvent; and recovering at least a portion of a captured gaseous
component from the ionic liquid solvent. In embodiments, at least a portion of a second gaseous

component from the process stream is captured by the ionic liquid solvent, and the method further
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comprises recovering at least a portion of the second gaseous component from the ionic liquid
solvent. In embodiments, at least a portion of a second gaseous component from the process
stream is uncaptured by the ionic liquid solvent, and the method further comprises recovering at
least a portion of the uncaptured second gaseous component from a membrane unit.
[0006] The disclosed embodiments include a system comprising a process stream comprising
a gaseous component; a separator comprising an ionic liquid solvent, wherein the separator
receives the process stream, wherein the ionic liquid solvent captures at least a portion of the
gascous component; a captured stream exiting the separator and comprising the captured gaseous
component captured in the ionic liquid solvent; and a regenerator to receive the captured stream,
wherein the regenerator regenerates the ionic liquid solvent and emits the recovered gaseous
component. In embodiments, the ionic liquid solvent further captures at least a portion of a second
gascous component from the process stream, the captured stream further comprises the captured
second gaseous component, and the regenerator emits the recovered second gaseous component.
In embodiments, the ionic liquid solvent does not capture at least a portion of a second gaseous
component from the process stream, and the system further comprises an uncaptured stream
exiting the separator and comprising the uncaptured second gasecous component. In embodiments,
the system may further comprise a membrane unit to recover the second gaseous component.
[0007] The foregoing has outlined rather broadly the features and technical advantages of the
disclosed inventive subject matter in order that the following detailed description may be better
understood. The various characteristics described above, as well as other features, will be readily
apparent to those skilled in the art upon reading the following detailed description of the preferred
embodiments, and by referring to the accompanying drawings.

DESCRIPTION OF THE DRAWINGS
[0008] For a detailed description of the preferred embodiments of the disclosed processes and
systems, reference will now be made to the accompanying drawings in which:
[0009] Figure 1 illustrates a process flow diagram of an embodiment of the disclosed system;
and
[0010] Figure 2 illustrates a process flow diagram of another embodiment of the disclosed

System.
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DETAILED DESCRIPTION
[0011] Disclosed herein are embodiments of systems and methods related to the separation of
one or more gaseous components from a process stream using an ionic liquid solvent, resulting in
recovery of the gasecous component, for example, to improve process efficiency (e.g., to avoid
recycle of the gaseous component) or for use of the gaseous component (e.g., to avoid wasteful
flaring of a valuable gaseous component).
[0012] The disclosed embodiments may be utilized in conjunction with any process stream
suitable for gaseous component separation utilizing an ionic liquid solvent. Examples of process
streams comprising gaseous components which can be separated from other fluid components
include: polymerization process streams comprising olefins and alkanes; ethane cracker process
streams comprising ethane and ethylene; natural gas process streams comprising natural gas and an
acid gas; syngas process streams comprising syngas and carbon dioxide; biomass gasification
process streams comprising carbon dioxide; Fischer-Tropsch process streams comprising
unreacted syngas, methane, olefins, and alkanes; alkane dehydrogenation process streams
comprising olefins and alkanes; alcohol dehydration process streams comprising olefins, alkanes,
and alcohols; etc.
[0013] The embodiments disclosed herein are discussed in the context of a process stream
comprising a gasecous component which includes i) an olefin and/or an alkane, or ii) an acid gas
(e.g., CO;, and/or H,S).
[0014] “Gaseous component” may refer to an olefin, an alkane, an acid gas, one or more
components of a natural gas process stream, one or more components of a syngas process stream,
hydrogen, nitrogen, oxygen, water, carbon monoxide, oxygenates (e.g., alcohols), or combinations
thereof.
[0015] “Olefin” may refer to a C,-Cso hydrocarbon having a carbon-carbon double bond. Suitable
olefins may include other functional groups, such as hydroxy groups, carboxylic acid groups,
heteroatoms, and the like, provided that such groups do not react with the ionic liquid solvent.
Embodiments disclosed herein are described using ethylene as the olefin.
[0016] “Alkane” may refer to C,-Cso hydrocarbons which are saturated. Embodiments disclosed

herein are described using ethane and/or isobutane.
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[0017] “Acid gas” may refer to CO,, H,S, RSH, CS;, COS, and SO, or combinations thercof.
Embodiments disclosed herein are described using CO, and H,S.

[0018] Figure 1 shows a process flow diagram of an embodiment of the disclosed system 100.
The system 100 may comprise a separator 110 and a regenerator 120. A process stream 111
comprising a gasecous component (optionally, a second gaseous component) may feed to the
separator 110, which receives the process stream 111. The separator 110 may comprise an ionic
liquid solvent, and the ionic liquid solvent may capture at least a portion of the gaseous component
(optionally, at least a portion of the second gaseous component). A captured stream 113
comprising the gaseous component (optionally, the second gaseous component) captured by the
ionic liquid solvent may exit from the separator 110 and flow to the regenerator 120, and the
regenerator 120 may receive the captured stream 113. A portion of the process stream 111 which
is not captured by the ionic liquid solvent in the separator 110 may exit the separator 110 and flow
through uncaptured stream 112 for further processing, use, sale, flare, etc. The regenerator 120
may regenerate the ionic liquid solvent and emit the recovered gaseous component (optionally,
recovered second gaseous component). The recovered gaseous component (optionally, recovered
second gaseous component) may flow via stream 121 from the regenerator 120 for further
processing, use, sale, etc. The regenerated ionic liquid solvent may flow from the regenerator 120
to the separator 110 through solvent stream 122. The ionic liquid solvent may generally circulate
through a solvent circulation system comprising the separator 110, captured stream 113, the
regenerator 120, and the solvent stream 122. The captured stream 113 may comprise a heater 114
capable of heating the captured stream 113 as the captured gaseous component (optionally,
captured second gaseous component) flows to the regenerator 120. The solvent stream 122 may
comprise a cooler 123 capable of cooling the solvent stream as the regenerated ionic liquid solvent
flows to the separator 110, and a pump 124 for providing a motive force for flowing the
regenerated ionic liquid solvent. The system 100 may further comprise one or more compressors,
pumps, heat exchangers, valves, control devices, safety devices, or similar apparatuses, not shown
in Figure 1. Such apparatuses may be included in system 100 according to techniques recognized
by one skilled in the art with the aid of this disclosure.

[0019] In embodiments, the gaseous component of the process stream 111 may comprise

cthylene, isobutane, or an acid gas (e.g., CO; and/or H,S). In additional embodiments, the second
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gaseous component of the process stream 111 may comprise ethylene, isobutane or an acid gas
(e.g., CO, and/or H,S). As described above, the process stream 111 may comprise a second
gascous component, and the ionic liquid solvent may capture at least a portion of the second
gaseous component. In embodiments, the capture of at least a portion of the second gaseous
component is in addition to the capture of at least a portion of the gasecous component. In an
embodiment, the gaseous component comprises cthylene and the second gasecous component
comprises isobutane. In an alternative embodiment, the gaseous component comprises carbon
dioxide, and the second gaseous component comprises hydrogen sulfide.

[0020] In an embodiment, the ionic liquid solvent may capture at least a portion of the gaseous
component; additionally or alternatively, the ionic liquid solvent may capture at least a portion of
the second gaseous component; additionally or alternatively, the ionic liquid solvent may not
capture at least a portion of the second gaseous component.

[0021] In embodiments, the ionic liquid solvent may capture the gaseous component and/or the
second gaseous component via various mechanisms of capture. In an embodiment, at least a
portion of the gaseous component is captured by the ionic liquid solvent via absorption,
dissolution, adsorption, complexation, or combinations thereof. In an additional embodiment, at
least a portion of the second gaseous component is captured by the ionic liquid solvent via
absorption, dissolution, adsorption, complexation, or combinations thereof. In embodiments, the
mechanism of capture of the gaseous component is the same as the mechanism of capture for the
second gaseous component. For example, the gaseous component and the second gaseous
component may both be captured via absorption, adsorption, dissolution, or complexation. In an
alternative embodiment, the mechanism of capture of the gaseous component is different than the
mechanism capture for the second gaseous component. For example, the gaseous component may
be captured via absorption and the second gaseous component may be captured via adsorption or
dissolution. In another example, the gaseous component may be captured via absorption with
complexation and the second gaseous component may be captured via absorption without
complexation.

[0022] In embodiments, the process stream 111 may further comprise other fluid components
such as other gaseous components. Other gaseous components of the process streams 111 may

include hydrogen, nitrogen, ethane, natural gas, syngas, or combinations thereof.
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[0023] In embodiments, the concentration of the gaseous component and/or the second gaseous
component in the process stream 111 may comprise greater than about 10%, 20%, 30%, 40%,
50%, 60%, 70%, 80%, 90%, or greater by weight of the process stream 111.

[0024] In embodiments, the separator 110 may comprise a vessel configured to flow the ionic
liquid solvent therethrough so as to selectively capture (e.g., absorb, adsorb, dissolve, complex, or
combinations thereof) at least a portion of the gaseous component (optionally, a second gaseous
component) from the process stream 111 comprising the gaseous component (optionally, the
second gaseous component) and one or more other fluid (e.g., gaseous) components.

[0025] In an embodiment, the separator 110 may be configured to dissipate a gas (e.g., gaseous
component, optionally second gaseous component, of process stream 111) within the ionic liquid
solvent, for example, by bubbling the gas through the liquid. In an embodiment, the separator 110
may include a solvent circulation system configured to circulate the ionic liquid solvent through
the separator 110. Non-limiting examples of suitable separator configurations include an
absorption tower; a pressure-swing absorber (PSA); a sparger tank; an agitation reactor; a vessel
coupled with one or more compressors, one or more pumps 124, and one or more heat exchangers
(e.g., heater 114, cooler 123); or combinations thereof. An example of a suitable separator is

illustrated in Gas Processors Association, Engineering Data Book 10" ed., at Figure 19-16.

[0026] In an additional and/or alternative embodiment, the separator 110 may comprise a packed
bed or column configured to maintain smaller bubble sizes (e.g., of the gas being dissipated within
the ionic liquid solvent), for example, so as to maintain a relatively large surface area of contact
between the gas and the ionic liquid solvent, for example, so as to maintain an efficiency of mass
transfer and/or capture of the gas into the liquid. In an embodiment, the packing material of the
packed bed or column may comprise a polymeric material, metallic material, or combinations
thereof. In an embodiment, the separator 110 may have multiple packed beds or columns. In an
embodiment, one or more sections of the separator 110 may have a packing material. In
embodiments, the packing material may have a random packing or may have a structured packing.

[0027] In embodiments, the separator 110 may comprise two or more sections. For example, a
first section may operate at a first set of conditions (e.g., temperature, pressure, flow rate, mass
flow ratio), and a second section may operate at a second set of conditions (e.g., temperature,

pressure, flow rate, mass flow ratio).
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[0028] In embodiments, the separator 110 may function at times to capture, and at other times to
uncapture, the gaseous component (optionally, second gaseous component). That is, the separator
110 may also function as a regenerator. In such embodiments, the temperature and pressure at
which the separator 110 operates may depend upon the function. For example, the temperature and
pressure of the separator 110 when operating to capture the gaseous component (optionally, second
gascous component) may be those disclosed herein for capturing the gaseous component
(optionally, the second gaseous component). The temperature and pressure of the separator 110
when operating to liberate the gaseous component (optionally, the second gaseous component)
may be those disclosed herein for the regenerator 120. In such embodiments, the separator 110
may additionally or alternatively be configured to evacuate one or more gases (e.g., a previously
captured and then liberated gas, such as olefin, acid gas, alkane) and/or to facilitate the release of
the captured gas via a pressure differential.

[0029] In embodiments, the separator 110 may be configured to provide or maintain a suitable
partial pressure of a gaseous component of the process stream 111. Such a suitable partial pressure
may be about 14.8 psia to about 57.7 psia; alternatively, about 19.7 psia to about 47.7 psia;
alternatively, about 19.7 psia to about 29.7 psia. In an embodiment, the separator 110 may be
configured to provide or maintain an ethylene partial pressure from about 0 psia to about 100 psia.
[0030] In an embodiment, the separator 110 may be configured for batch and/or continuous
operation.

[0031] In embodiments, the system 100 may comprise two or more separators (e.g., separator
110 and one or more other separators). For example, the system 100 may comprise two separators,
cach of which may be configured according to one of the embodiments disclosed herein.
Embodiments having two or more separators may be configured for pressure swing absorption
(PSA) of the gaseous component (optionally, the second gaseous component). For example, by
employing two or more separators, the system 100 may be configured to allow for continuous
operation by absorbing the gaseous component (optionally, the second gaseous component) into a
“first batch” in the first separator while a “second batch” is prepared for absorption in a second
separator. As such, by cycling between two or more suitable separators, a system may operate

continuously. An example of a system having two or more separators is disclosed in U.S. Patent
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Application Publication No. 2012/0232232, published on September 13, 2012, entitled “Ethylene
Recovery By Absorption,” and incorporated herein by reference in its entirety.

[0032] In embodiments, the separator 110 may be configured to have a liquid-to-gas mass flow
ratio from about 1 to about 350; alternatively, from about 1 to about 200; alternatively, from about
10 to about 200; alternatively, from about 10 to about 100. In embodiments, the liquid-to-gas mass
flow ratio of the separator 110 may comprise a value such that at least a portion of the gaseous
component is captured by the ionic liquid solvent. In additional or alternative embodiments, the
liquid-to-gas mass flow ratio of the separator 110 may comprise a value such that at least a portion
of the gaseous component and at least a portion of a second gaseous component are captured by the
ionic liquid solvent. Generally, a mass flow ratio which captures at least a portion of the gaseous
component and at least a portion of the second gaseous component is greater than a mass flow ratio
which captures only at least a portion of the gaseous component. In embodiments, a mass flow
ratio which captures at least a portion of the gaseous component and at least a portion of the second
gaseous component is substantially greater (e.g., about 2 times, about 3 times, about 4 times, about
5 times, about 6 times, about 7 times, about & times, about 9 times, about 10 times, about 11 times,
about 12 times, about 13 times, about 14 times, about 15 times, or more) than a mass flow ratio
which captures only at least a portion of the gaseous component. In an embodiment, the “liquid” of
the liquid-to-gas mass flow ratio may comprise the ionic liquid solvent; alternatively, the “liquid”
of the liquid-to-gas mass flow ratio may comprise the ionic liquid solvent and any combination of
other liquids flowing in and/or through the separator 110; alternatively, the “liquid” of the liquid-
to-gas mass flow ratio may comprise the ionic liquid solvent and any combination of other liquids
flowing in and/or through the solvent circulation system. In an embodiment, the “gas” of the
liquid-to-gas mass flow ratio may comprise the gaseous component of the process stream 111;
alternatively, the “gas” of the liquid-to-gas mass flow ratio may comprise the gaseous component
and the second gaseous component of the process stream 111; alternatively, the “gas” of the liquid-
to-gas mass flow ratio may comprise the any combination of gases flowing in and/or through the
process stream 111 and/or the separator 110 (e.g., from the process stream 111, from all streams
flowing into the separator 110, or from a combination of streams flowing into the separator 110).
[0033] In embodiments where the separator 110 comprises two or more sections, the two or

more sections may operate at the same or different liquid-to-gas mass flow ratio. For example, a
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first section of the separator 110 may operate at a first liquid-to-gas mass flow ratio and a second
section may operate at a second liquid-to-gas mass flow ratio, wherein the first liquid-to-gas mass
flow ratio is different than the second liquid-to-gas mass flow ratio.

[0034] In an embodiment, the separator 110 may be capable of selectively inducing thermal
and/or pressure fluctuations, variations, or cycles. For example, the separator 110 may cycle
between temperatures and pressures for capturing the gaseous component (optionally, second
gaseous component) and for uncapturing the gaseous component (optionally, second gaseous
component).

[0035] In embodiments, a temperature or temperatures at which the separator 110 operates may
depend upon the function of the separator 110 at a given time. For example, the separator 110 may
be configured to provide or maintain a first temperature (e.g., one or more of those disclosed for
operation of the separator 110) for the purpose of capturing the gasecous component (optionally,
second gaseous component), and the separator 110 may be configured to provide or maintain a
second temperature (e.g., one or more of those disclosed for operation of the regenerator 120) for
the purpose of regenerating the ionic liquid solvent, recovering the recovered gaseous component
(optionally, second recovered gaseous component), or both.

[0036] In embodiments where the separator 110 operates to capture the gaseous component
(optionally, second gaseous component), the separator 110 may operate at a temperature from
about 5°C to about 50 °C; alternatively, from about 20 °C to about 40 °C. In embodiments
wherein the separator 110 operates to uncapture (i.c., liberate) the gaseous component (optionally,
the second gaseous component), the separator 110 may operate at a temperature from about 60 °C
to about 450 °C, at a temperature greater than the temperature of the separator 110 when
functioning in the capturing mode, or both.

[0037] In embodiments, a pressure or pressures at which the separator 110 operates may depend
upon the function of the separator 110 at a given time. For example, the separator 110 may be
configured to provide or maintain a first pressure (e.g., one or more of those disclosed for operation
of the separator 110) for the purpose of capturing the gaseous component (optionally, second
gaseous component), and the separator 110 may be configured to provide or maintain a second
pressure (e.g., one or more of those disclosed for operation of the regenerator 120) for the purpose

of regenerating the ionic liquid solvent, recovering the recovered gaseous component (optionally,
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second recovered gascous component), emitting the recovered gaseous component (optionally,
second recovered gaseous component), or combinations thereof.

[0038] In embodiments wherein the separator 110 operates to capture the gaseous component
(optionally, the second gaseous component), the separator 110 may operate at a pressure from
about 100 psia to about 250 psia. In embodiments wherein the separator 110 operates to uncapture
(i.e., liberate) the gaseous component (optionally, the second gaseous component), the separator
110 may operate at a pressure greater than or equal to about 14.7 psia, at a pressure less (e.g., 20
psi less) than the pressure at which the separator 110 operates when capturing the gaseous
component (optionally, second gaseous component), or both.

[0039] In embodiments, the ionic liquid solvent may generally comprise a cation, an anion, a
Ag(I) salt, a Cu(]) salt, or combinations thereof. In an embodiment, the ionic liquid solvent may be
capable of reversibly complexing, may be capable of absorbing, may be capable of adsorbing, may
be capable of dissolving, or combinations thereof, at least a portion of the gaseous component of
the process stream 111. In additional or alternative embodiments, the ionic liquid solvent may be
capable of reversibly complexing, may be capable of absorbing, may be capable of adsorbing, may
be capable of dissolving, or combinations thercof, at least a portion of the second gaseous
component of the process stream 111.

[0040] In an embodiment, the ionic liquid solvent may comprise a liquid phase at 14.7 psia and
25 °C. In an embodiment, the ionic liquid solvent may be referred to as a room temperature ionic
liquid (“RTIL”). Ionic liquid solvents disclosed herein may comprise a negligible vapor pressure
at operating conditions of the disclosed systems, resulting in negligible loss of the ionic liquid
solvent during operation. Moreover, use of the ionic liquid solvents disclosed herein reduces VOC
emissions.

[0041] In embodiments, the ionic liquid solvent may comprise a cation and an anion. In
embodiments, the cation may comprise an ecthylmethylimidazolium [emim] cation, a
butylmethylimidazolium [bmim] cation, a butylmethylpyridinium [mebupyl] cation, or
combinations  thereof. In  embodiments, the anion may comprise a
bis(trifluoromethanesulfonyl)amide [Tf,N] anion, a hexafluorophosphate [PFs] anion, a

trifluoromethanesulfonate [TfO] anion, a dicyanamide [DCA] anion, a tetrafluoroborate [BF4]
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anion, a thiocyanate [SCN] anion, a nitrate [NOs] anion, a sulfonate [CF3SO;] anion, a
methylsulfate [CH3;SO4] anion, or combinations thereof.

[0042] In embodiments, the ionic liquid solvent may comprise ethylmethylimidazolium
bis(trifluoromethanesulfonyl)amide ([emim][T£,N]), butylmethylimidazolium
hexafluorophosphate  ([bmim][PFs]), ethylmethylimidazolium trifluoromethanesulfonate
([emim][TfO]), ethylmethylimidazolium dicyanamide ([emim][DCA]), butylmethylimidazolium
dicyanamide ([bmim][DCA], butylmethylimidazolium tetrafluoroborate ([bmim][BF4]),
butylmethylpyridinium tetrafluoroborate ([mebupyl][BF4]), butylmethylimidazolium thiocyanate
([bmim][SCN]), N-butyl-4-methylpyridinium thiocyanate ([mebupyl][SCN]), 1-butyl-3-
methylimidazolium nitrate ([bmim][NO;]), ethylmethylimidazolium trifluoromethane sulfonate
([emim][CF3S0s]), butylmethylimidazolium methylsulfate ([bmim][CH3SO4]), or combinations
thereof.

[0043] In an embodiment, ethylmethylimidazolium bis(trifluoromethanesulfonyl)amide may
comprise 1-ethyl-3-methylimidazolium bis(trifluoromethanesulfonyl)amide. In an embodiment,
butylmethylimidazolium hexafluorophosphate may comprise 1-butyl-3-methylimidazolium
hexafluorophosphate. In an embodiment, butylmethylimidazolium dicyanamide may comprise
1-butyl-3-methylimidazolium dicyanamide. In an embodiment, butylmethylimidazolium
tetrafluoroborate may comprise 1-butyl-3-methylimidazolium tetrafluoroborate. In an
embodiment, butylmethylpyridinium tetrafluoroborate ma comprise N-butyl-4-methylpyridinium
tetrafluoroborate. In an embodiment, butylmethylimidazolium thiocyanate may comprise 1-
butyl-3-methylimidazolium thiocyanate. In an embodiment, ethylmethylimidazolium
trifluoromethanesulfonate may comprise 1-ethyl-3-methylimidazolium
trifluoromethanesulfonate. In an embodiment, butylmethylimidazolium nitrate may comprise 1-
butyl-3-methylimidazolium nitrate. In an embodiment, butylmethylimidazolium methylsulfate
may comprise 1-butyl-3-methylimidazolium methylsulfate. In an embodiment,
butylmethylpyridinium thiocyanate may comprise N-butyl-4-mthylpyridinium thiocyanate.
[0044] In additional embodiments, the ionic liquid solvent may further comprise a Ag(I) salt, a
Cu(]) salt, or combinations thereof.

[0045] In embodiments, the Ag(I) salt may be dissolved, dispersed, suspended, or combinations

thereof in the ionic liquid solvent. When dissolved, dispersed, suspended, or combinations thereof,
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the Ag(l) salt may form a Ag(I) cation in the ionic liquid solvent. The Ag(l) salt may comprise
silver(I) bis(trifluoromethanesulfonyl)amide ([Ag(I)][Tf;N]), silver(I) trifluoromethanesulfonate
([Ag(D][TfO]), silver(I) nitrate ([Ag(I)][NOs]), or combinations thercof. In embodiments, a
concentration of silver (e.g., Ag(I)) in the ionic liquid solvent is from 0 N to about 5 N;
alternatively, from about 0.45N to about 1.8 N. The disclosed embodiments also include ionic
liquid solvents which have no silver salt and comprise one or more of the ionic liquids disclosed
herein.

[0046] In embodiments, the Cu(l) salt may be dissolved, dispersed, suspended, or combinations
thereof in the ionic liquid solvent. When dissolved, dispersed, suspended, or combinations thereof,
the Cu(l) salt may form a Cu(l) cation in the ionic liquid solvent. The Cu(l) salt may comprise
copper(I) chloride ([Cu(D][CL]), copper(I) bromide ([Cu(I)][Br]), cuprous trifluoroacetate
([Cu(D][TFA]), copper(l) nitrate ([Cu(I)][NOs]), or combinations thercof. In embodiments, a
concentration of copper (e.g., Cu(l)) in the ionic liquid solvent is from O N to about 5 N;
alternatively, from about 0.45N to about 1.8 N. The disclosed embodiments also include ionic
liquid solvents which have no copper salt and comprise one or more of the ionic liquids disclosed
herein.

[0047] Not intending to be bound by theory, embodiments of the ionic liquid solvent disclosed
herein may interact with the double carbon bonds of a gaseous component (e.g., an olefin). In an
embodiment, capture of at least a portion of the gaseous component (optionally, at least a portion
of the second gasecous component) may comprise reversibly complexing, binding, linking,
bonding, interacting, dissolving or combinations thereof the gaseous component (optionally,
second gaseous component) with the ionic liquid solvent, for example, via the formation of a
complex, a link, a bond, an attraction, an interaction, a solution or combinations thereof. For
example, an olefin (e.g., ethylene) may complex with a Ag(l) cation and/or a Cu(l) cation of an
ionic liquid solvent to form a captured olefin (e.g., ethylene) complex.

[0048] In embodiments, the ionic liquid solvents disclosed herein may be selective to the
gaseous component (optionally, the second gasecous component) over one or more fluid
components in the process stream 111. For example, the ionic liquid solvents disclosed herein may

be selective to ethylene over ethane, may be selective to isobutane over ethane, may be selective to
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CO; over natural gas, may be selective to CO, over syngas, may be selective to H,S over natural
gas, or combinations thereof.

[0049] In embodiments, the selectivity of the ionic liquid solvent to the gaseous component
(optionally, the second gascous component) over one or more fluid components in the process
stream 111 may be from about 8 to greater than about 300. For example, the selectivity of ethylene
to ethane, isobutane to ethane, CO, to natural gas or syngas, H,S to natural gas, or combinations
thereof may be from about 8 to greater than about 300.

[0050] In an embodiment, the ionic liquid solvent may reversibly capture (e.g., absorb, adsorb,
dissolve, complex or combinations thereof) and/or induce the capture of the gasecous component
(e.g., ethylene, CO,) from the process stream 111 comprising various other fluids (e.g., gases). In
an additional or alternative embodiment, the ionic liquid solvent may reversibly capture (e.g.,
absorb, adsorb, dissolve, complex or combinations thereof) and/or induce the capture of the second
gaseous component (e.g., isobutane, H,S) from the process stream 111. In an additional or
alternative embodiment, the ionic liquid solvent may reversibly capture (e.g., absorb, adsorb,
dissolve, complex or combinations thereof) and/or induce the capture of the second gaseous
component (e.g., isobutane, H,S) in addition to the gaseous component (e.g., ethylene, CO,) from
the process stream 111.

[0051] In embodiments, the flow of the process stream 111 components relative to the ionic
liquid solvent in the separator 110 may be concurrent, countercurrent, or staged in sections of the
separator 110.

[0052] In embodiments, components and/or portions of components of process stream 111
which are not captured by the ionic liquid solvent (e.g., in embodiments where at least a portion of
the second gasecous component is not captured, where a third gaseous component is not captured)
may flow exit the separator 110 and flow through uncaptured stream 112. In embodiments, the
uncaptured stream 112 may comprise hydrogen, nitrogen, ethane, isobutane, or combinations
thereof. In alternative embodiments, the uncaptured stream 112 may comprise syngas. In
alternative embodiments, the uncaptured stream 112 may comprise natural gas. One or more of the
components in the uncaptured stream 112 be further processed according to techniques known in

the art, one or more components of the uncaptured stream 112 may be flared, or combinations
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thereof. In the embodiment of system 200 shown in Figure 2, the uncaptured second gaseous
component may be recovered via a membrane unit 130 (discussed in detail below).

[0053] In embodiments, at least a portion of the gasecous component (optionally, at least a
portion of the second component) may exit from the separator 110 and flow to the regenerator 120
via captured stream 113. Captured stream 113 may comprise the ionic liquid solvent, captured
portions of the gaseous component (e.g., ethylene, CO,), captured portions of the second gaseous
component (e.g., isobutane, H,S), or combinations thereof.

[0054] In embodiments, the regenerator 120 may comprise one or more vessels (e.g., in series, in
parallel, or both) configured to regenerate the ionic liquid solvent, to liberate at least a portion of
the captured gaseous component, to liberate at least a portion of the captured second gaseous
component, or combinations thereof. In an embodiment, regenerator 120 may be heated to liberate
the gaseous component (optionally, the second gaseous component) from the ionic liquid solvent
so as to regenerate the ionic liquid solvent using one or more heat sources comprising cooling
water, low-pressure steam, or combinations thercof.

[0055] In an embodiment, regenerator 120 may be configured to operate on the basis of a
temperature suitable to liberate (e.g., change a solubility, vaporize, desorb) the captured gaseous
component (optionally, second gaseous component) from the ionic liquid solvent in the regenerator
120. In embodiments, the regenerator 120 may operate at a temperature greater than a temperature
of the separator 110, a temperature from about 60 °C to about 450 °C, or combinations thereof. In
additional or alternative embodiments, the regenerator 120 may operate at a temperature from
about 93 °C to about 204 °C; alternatively, from about 93 °C to about 149 °C; alternatively, from
about 149 °C to about 204 °C.

[0056] In an embodiment, regenerator 120 may be configured such that the components of the
captured stream 113 experience a pressure differential when entering the regenerator 120. In such
an embodiment, the regenerator 120 may be configured to provide or maintain a suitable pressure
suitable to liberate (e.g., change a solubility, vaporize, desorb) the captured gaseous component
(optionally, second gaseous component) from the ionic liquid solvent in the regenerator 120. In
embodiments, the regenerator 120 may operate at a pressure less than (e.g., about 20 psia less than)

a pressure at which the separator 110 operates, a pressure greater than or equal to about 14.7 psia,
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or combinations thereof. In additional or alternative embodiment, the regenerator 120 may operate
at a pressure greater of about 16 psia or about 50 psia.

[0057] In embodiments, the regenerator 120 may comprise a series of vessel which operate via
pressure differential, wherein each of the vessels in the series operates at the same or different
pressures. For example, the regenerator 120 may comprise two vessels in series in which the first
vessel operates at a pressure disclosed herein for the regenerator 120, and the second vessel
operates at a pressure disclosed herein for the regenerator 120 which is lower than the pressure of
the first vessel.

[0058] In an embodiment, the regenerator 120 may be configured for batch and/or continuous
processes. For example, the regenerator 120 may operate in traditional batch or continuous
operations. In another example, two or more regenerators may operate in batch mode and alternate
in operation such that regeneration of the ionic liquid solvent in the system 100 is continuous.
[0059] In the regenerator 120, the captured gaseous component(s) (e.g., gaseous component and,
optionally, second gasecous component) of captured stream 113 may separate to form a recovered
stream 121 comprising the recovered gasecous component (optionally, recovered second gaseous
component) and a solvent stream 122 comprising the regenerated ionic liquid solvent. By
“regenerated,” it is meant that at least a majority of the captured gaseous component (optionally,
second gasecous component) is liberated from the ionic liquid solvent in the regenerator 120.
Liberating may include reversing a complex, breaking a bond, reversing an interaction, reversing
an attraction, reversing a dissolution, desorbing, or combinations therecof. The recovered gaseous
component (optionally, the second recovered gaseous component) may be emitted from the
regenerator 120 via recovered stream 121.

[0060] The solvent stream 122 may comprise regenerated ionic liquid solvent which flows from
the regenerator 120 to the separator 110. The regenerated ionic liquid solvent may be circulated
for reuse in the separator 110. The regenerated ionic liquid solvent may be referred to as a “lean
solvent.”

[0061] The recovered stream 121 may comprise the recovered gaseous component (optionally,
second gaseous component). The recovered stream 121 may be introduced into or reused in
processes such as a polyethylene polymerization process; the recovered stream 121 may be

collected for further processing (e.g., cracking, catalytic cracking, pyrolysis, dehydrogenating,
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deoxygenating, scrubbing, converting, treating, or combinations thereof); the recovered stream 121
may be used for distribution, sale, etc., of the gaseous component (optionally, second gaseous
component); the recovered stream 121 may be used as fuel; or combinations thereof.

[0062] In embodiments, the recovered stream 121 may comprise substantially (e.g., >90% by
weight of the recovered stream 121) the recovered gaseous component (e.g., olefin, acid gas). In
additional or alternative embodiments, the recovered stream 121 may comprise substantially (e.g.,
>90% by weight of the recovered stream 121) the recovered gaseous component (e.g., olefin, acid
gas) and the recovered second gaseous component (e.g., alkane, acid gas).

[0063] In embodiments, the recovered stream 121 may comprise greater than about 50%, 60%,
70%, 80%, 85%, 90%, 95%, or more, of the gaseous component (e.g., olefin, acid gas) recovered
from the process stream 111. In additional or alternative embodiments, the recovered stream 121
may comprise greater than about 50%, 60%, 70%, 80%, 85%, 90%, 95%, or more, of the second
gaseous component (e.g., alkane, acid gas) recovered from the process stream 111.

[0064] In particular embodiments, the recovered stream 121 may comprise greater than about
85%, 90%, 95%, or more of the olefin (e.g., ethylene) recovered from the process stream 111. In
additional or alternative embodiments, the recovered stream 121 may comprise greater than about
80%, 85%, 90%, 95%, or more, of the alkane recovered from the process stream 111. In
alternative embodiments, the recovered stream 121 may comprise greater than about 50%, 60%,
70%, 80%, 90%, or more, of the CO, recovered from the process stream 111. In additional or
alternative embodiments, the recovered stream 121 may comprise greater than about 50%, 60%,
70%, 80%, 90%, or more, of the H,S recovered from the process stream 111.

[0065] In embodiments, the purity of the recovered gasecous component (e.g., olefin, acid gas) in
the recovered stream 121 may be greater than about 50%, 60%, 70,%, 80%, 90%, 95%, 96%,
97.%, 98%, 99%, or more, by weight of the recovered stream 121. In additional or alternative
embodiments, the purity of the recovered second gasecous component (e.g., alkane, acid gas) in the
recovered stream 121 may be greater than 50%, 60%, 70,%, 80%, 90%, 95%, 96%, 97,%, 98%.,
99%, or more, by weight of the recovered stream 121. In particular embodiments, the recovered
stream 121 may comprise substantially (e.g., >90 wt% by weight of the recovered stream 121)
olefin (e.g., ethylene); alternatively, the recovered stream 121 may comprise substantially (e.g.,

>90 wt% by weight of the recovered stream 121) olefin (e.g., cthylene) and alkane (e.g.,
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isobutane); alternatively, the recovered stream 121 may comprise substantially (e.g., >90 wt% by
weight of the recovered stream 121) COy; alternatively, the recovered stream 121 may comprises
substantially (e.g., >90 wt% by weight of the recovered stream 121) of CO, and H,S.

[0066] The recovered stream 121 may further comprise other fluid components such as
hydrogen, nitrogen, methane, ethane, propylene, propane, heavier hydrocarbons, or combinations
thereof. Such components may be present in recovered stream 121 in various amounts due to
capture of the fluid component by the ionic liquid solvent; however, the presence of one or more
other fluid components in the recovered stream 121 is at levels lower than the gaseous component
(optionally, second gaseous component) disclosed herein such that the recovery and purity levels
of the gaseous component (optionally, second gasecous component) are met.

[0067] Figure 2 shows a process flow diagram of another embodiment of the disclosed system
200. As can be seen, the system 200 of Figure 2 may comprise the same components (e.g.,
separator 110, regenerator 120, heater 114, cooler 123, pump 124, solvent circulation system,
process stream 111, captured stream 113, solvent stream 122, recovered stream 121) as the system
100 of Figure 1. System 200 further comprises a membrane unit 130 and associated streams 131
and 132. Uncaptured gaseous components which are not captured in the separator 110 by the ionic
liquid solvent may exit from the separator 110 and flow through uncaptured stream 112 to the
membrane unit 130 for further processing.

[0068] Generally, the separator 110 may capture a gaseous component of the process stream 111
(as described for Figure 1 above), and uncaptured components of the process stream 111
(uncaptured in the separator 110) may exit from the separator 110 and flow to the membrane unit
130 via uncaptured stream 112 (as described for Figure 1 above). The membrane unit 130 may
comprise a membrane 135 which is selective to one or more fluid components (e.g., a second
gaseous component) of the process stream 111. Uncaptured stream 112 feeds uncaptured
components to the membrane unit 130. Uncaptured stream 112 may comprise various equipment
(e.g., compressor, pump, valve, heat exchanger, or combinations thereof) which may can alter the
conditions (e.g., temperature, pressure, phase) of the uncaptured stream 112 for flow of uncaptured
gascous components to the membrane unit 130. One or more of the uncaptured components may
selectively permeate through the membrane 135 to the permeate side 134 of the membrane 135.

The portions of the uncaptured components which do not permeate through the membrane 135
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may comprise the retentate of the membrane 135 on the retentate side 133 of the membrane 135.
The permeate may flow from the permeate side 134 of the membrane 135 and through permeate
stream 132 for further processing, use, flare, disposal, or sale. The retentate may flow from the
retentate side 133 of the membrane 135 and through retentate stream 131 for further processing,
use, flare, disposal, or sale.

[0069] In embodiments, the membrane 135 of the membrane unit 130 is selective to alkanes
(e.g., isobutane, ethane), H,S, nitrogen, hydrogen, or combinations thercof. Membrane units
having membranes which are selective to one or more of the uncaptured components are known in
the art. For example, membrane units suitable for removal of H,S in system 200 are disclosed in
U.S. Patent Nos. 5,556,449, 5,558,698; 5,407,467, 5,401,300; and 6,572,678, each of which is
incorporated herein by reference in its entirety. Membrane units suitable for removal of hydrogen
in system 200 are disclosed in U.S. Patent Nos. 6,555,316 and 5,980,609, each of which is
incorporated herein by reference in its entirety. Membrane units suitable for removal of alkanes in
system 200 are disclosed in U.S. Patent No. 5,980,609, which is incorporated herein by reference
in its entirety. Membrane units suitable for removal of nitrogen in system 200 are disclosed in U.S.
Patent No. 7,479,227, which is incorporated herein by reference in its entirety.

[0070] In embodiments, the membrane unit 130 may comprise two or more membrane units
which include two or more membranes having the same or different selectivity as one another. For
example, an alkane-selective membrane may be used to recover an uncaptured alkane in
combination with a nitrogen-selective membrane. In another example, multiple membrane units
may be used which are selective to H,S to achieve low levels of H,S.

[0071] Operation of the system 200 shown in Figure 2 may include, but is not limited to, two
operational embodiments. First, at least a portion of a gaseous component of the process stream
111 may be captured by the ionic liquid solvent in the separator 110 while at least a portion of a
second gaseous component of the process stream 111 is not captured, exits from the separator 110,
and flows to the membrane unit 130 via uncaptured stream 112. The uncaptured portion of the
second gaseous component is then recovered from the membrane unit 130, and at least a portion of
the captured gaseous component is recovered either from the separator 110 (e.g., in embodiments
where the separator provides a dual function as a regenerator) or from the regenerator 120 of

Figure 2. Second, at least a portion of a gascous component and at least a portion of a second
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gascous component of the process stream 111 may be captured by the ionic liquid solvent in the
separator 110 while at least a portion of a third gaseous component of the process stream 11 is not
captured, exits from the separator 110, and flows to the membrane unit 130 via uncaptured stream
112. The uncaptured portion of the third gaseous component is then recovered from the membrane
unit 130, and the captured portion of the gaseous component and captured portion of the second
gaseous component are recovered either from the separator 110 (e.g., in embodiments where the
separator 110 provides a dual function as a regenerator) or from the regenerator 120 shown in
Figure 2.

[0072] In system 200, the process stream 111, captured stream 113, uncaptured stream 112,
solvent stream 122, and recovered stream 121 may comprise embodiments of the process stream
111, captured stream 113, uncaptured stream 112, solvent stream 122, and recovered stream 121
described for the system 100 of Figure 1. Likewise, the separator 110 and regenerator 120 of
system 200 may comprise embodiments of the separator 110 and regenerator 120 of system 100
described for Figure 1.

[0073] In system 200, depending upon the selectivity of the membrane 135, retentate stream 131
or permeate stream 132 may comprise the recovered second gaseous component or the recovered
third gaseous component. The retentate stream 131 or permeate stream 132 may be introduced
into or reused in processes such as a polyethylene polymerization process; retentate stream 131
and/or permeate stream 132 may be collected for further processing (e.g., cracking, catalytic
cracking, pyrolysis, dehydrogenating, deoxygenating, scrubbing, converting, treating, or
combinations thereof); retentate stream 131 or permeate stream 132 may be used for distribution,
sale, etc., of the second gasecous component (optionally, third gaseous component); the retentate
stream 131 or permeate stream 132 may be used as fuel; or combinations thereof.

[0074] In embodiments, the retentate stream 131 or permeate stream 132 may comprise
substantially (e.g., >90% by weight of the retentate stream 131 or permeate stream 132) the
recovered second gasecous component (e.g., alkane, acid gas). In additional or alternative
embodiments, the retentate stream 131 or permeate stream 132 may comprise substantially (e.g.,
>90% by weight of the retentate stream 131 or permeate stream 132) the recovered third gaseous

component (e.g., alkane, nitrogen, hydrogen, acid gas).
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[0075] In embodiments, the retentate stream 131 or permeate stream 132 may comprise greater
than about 50%, 60%, 70%, 80%, 85%, 90%, 95%, or more, of the second gasecous component
(c.g., alkane, acid gas) recovered from the process stream 111. In additional or alternative
embodiments, the retentate stream 131 or permeate stream 132 may comprise greater than about
50%, 60%, 70%, 80%, 85%, 90%, 95%, or more, of the third gaseous component (e.g., alkane,
acid gas, hydrogen, nitrogen, natural gas, syngas) recovered from the process stream 111.

[0076] In particular embodiments, the retentate stream 131 or permeate stream 132 may
comprise greater than about 80%, 85%, 90%, 95%, or more, of the alkane recovered from the
process stream 111. In alternative embodiments, the retentate stream 131 or permeate stream 132
may comprise greater than about 50%, 60%, 70%, 80%, 90%, or more, of the natural gas or syngas
recovered from the process stream 111. In additional or alternative embodiments, the retentate
stream 131 or permeate stream 132 may comprise greater than about 50%, 60%, 70%, 80%, 90%,
or more, of the H,S recovered from the process stream 111.

[0077] In embodiments, the purity of the recovered second gaseous component (e.g., alkane,
acid gas) in the retentate stream 131 or permeate stream 132 may be greater than about 50%, 60%,
70,%, 80%, 90%, 95%, 96%, 97,%, 98%, 99%, or more, by weight of the retentate stream 131 or
permeate stream 132. In additional or alternative embodiments, the purity of the recovered third
gascous component (e.g., alkane, acid gas, hydrogen, nitrogen, natural gas, syngas) in the retentate
stream 131 or permeate stream 132 may be greater than 50%, 60%, 70,%, 80%, 90%, 95%, 96%,
97.%, 98%, 99%, or more, by weight of the retentate stream 131 or permeate stream 132. In
particular embodiments, the retentate stream 131 or permeate stream 132 may comprise
substantially (e.g., >90 wt% by weight of the retentate stream 131 or permeate stream 132) alkane
(e.g., isobutane, ethane, propane); alternatively, the retentate stream 131 or permeate stream 132
may comprise substantially (e.g., >90 wt% by weight of the retentate stream 131 or permeate
stream 132) natural gas or syngas; alternatively, the retentate stream 131 or permeate stream 132
may comprise substantially (e.g., >90 wt% by weight of the retentate stream 131 or permeate
stream 132) of CO, and/or H,S.

[0078] In embodiments of the system 200, the gaseous component may comprise an olefin (e.g.,

cthylene) or an acid gas (CO; or H,S); the second gaseous component may comprise an alkane
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(e.g., isobutane) or an acid gas (CO; or H,S); the third gaseous component may comprise an alkane
(e.g., ethane), natural gas, syngas, hydrogen, or nitrogen.

[0079] The disclosed embodiments include methods for recovering at least a portion of a
gaseous component (e.g., the gasecous component, second gaseous component, third gaseous
component, or combinations thereof, as described above).

[0080] In an embodiment, a method comprises providing a process stream comprising a gaseous
component, capturing at least a portion of the gaseous component from the process stream by the
ionic liquid solvent, and recovering at least a portion of a captured gaseous component from the
ionic liquid solvent. In additional embodiments, the process stream comprises a second gaseous
component and at least a portion of the second gasecous component from the process stream is
captured by the ionic liquid solvent, and the method further comprises recovering at least a portion
of the second gaseous component from the ionic liquid solvent.

[0081] In embodiments of the method, the ionic liquid solvent may comprise a cation, an anion,
a Ag(I) salt, a Cu(I) salt, or combinations thereof.

[0082] In embodiments of the method, the cation may comprise an ethylmethylimidazolium
[emim] cation, a butylmethylimidazolium [bmim] cation, a butylmethylpyridinium [mebupyl]
cation, or combinations thereof. In embodiments, the anion may comprise a
bis(trifluoromethanesulfonyl)amide [Tf,N] anion, a hexafluorophosphate [PFs] anion, a
trifluoromethanesulfonate [TfO] anion, a dicyanamide [DCA] anion, a tetrafluoroborate [BF4]
anion, a thiocyanate [SCN] anion, a nitrate [NOs] anion, a sulfonate [CF3SO;] anion, a
methylsulfate [CH3SO4] anion, or combinations thereof.

[0083] In embodiments of the method, the ionic liquid solvent may comprise

ethylmethylimidazolium bis(trifluoromethanesulfonyl)amide, butylmethylimidazolium
hexafluorophosphate, ethylmethylimidazolium trifluoromethanesulfonate,
ethylmethylimidazolium dicyanamide, butylmethylimidazolium dicyanamide,
butylmethylimidazolium tetrafluoroborate, butylmethylpyridinium tetrafluoroborate,

butylmethylimidazolium thiocyanate, ecthylmethylimidazolium trifluoromethanesulfonate,
butylmethylimidazolium  nitrate, ecthylmethylimidazolium  trifluoromethane  sulfonate,
butylmethylimidazolium methylsulfate, butylmtehylpyridinium thiocyanate, or combinations

thereof.
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[0084] In embodiments of the method, the Ag(l) salt may comprise silver(l)
bis(trifluoromethanesulfonyl)amide  ([Ag(D][Tf,N]),  silver(I)  trifluoromethanesulfonate
([Ag(D][TfO]), silver(I) nitrate (JAg(D)][NOs]), or combinations thercof. In embodiments of the
method, the concentration of silver in the ionic liquid solvent may comprise 0 N to about 5 N;
alternatively, 0 N to about 2 N; alternatively, about 0 N to about 1.8 N; alternatively, about 0.45 N
to about 1.8 N; alternatively, the concentration of silver in the ionic liquid solvent is zero.

[0085] In embodiments of the method, the Cu(l) salt may comprise copper(l) chloride
([Cu(D][CL]), copper(I) bromide ([Cu(I)][Br]), cuprous trifluoroacetate ([Cu(I)][TFA]), copper(l)
nitrate ([Cu(I)][NOs]), or combinations thereof. In embodiments of the method, a concentration of
copper (e.g., Cu(l)) in the ionic liquid solvent is 0 N to about 5 N; alternatively, 0 N to about 2 N;
alternatively, about 0 N to about 1.8 N; alternatively, about 0.45 N to about 1.8 N; alternatively, the
concentration of copper in the ionic liquid solvent is zero.

[0086] In embodiments of the method, the step of capturing may be performed at a liquid-to-gas
mass flow ratio from about 1 to about 350; alternatively, from about 1 to about 200; alternatively,
from about 10 to about 200; alternatively, from about 10 to about 100. In additional or alternative
embodiments, the step of capturing may be performed at a liquid-to-gas mass flow ratio such that
at least a portion of a second gaseous component is captured by the ionic liquid solvent in addition
to the capture of the gaseous component. In such embodiments, the liquid-to-gas mass flow ratio
may comprise greater than about 10; alternatively, greater than about 15. In additional or
alternative embodiments, the step of capturing may be performed at a liquid-to-gas mass flow ratio
such that at least a portion of the second gaseous component is not captured by the ionic liquid
solvent. In such embodiments, the liquid-to-gas mass flow ratio may comprise less than about 200.
[0087] In embodiments, the method may further comprise flowing the ionic liquid solvent at a
mass flow rate from about 1,000 pounds per hour to about 300,000 pounds per hour. In additional
or alternative embodiments, the method may further comprise flowing the ionic liquid solvent at a
flow rate which captures at least a portion of the gaseous component, wherein the gaseous
component comprises an acid gas.

[0088] In embodiments, the gaseous component and/or are the second gaseous component are

captured by absorption, adsorption, dissolution, complexation, or combinations thereof.
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[0089] In embodiments, the method may further comprise flowing an uncaptured portion of the
second gaseous component to a membrane unit, and recovering at least a portion of the uncaptured
portion of the second gaseous component from the membrane unit. In additional embodiments, the
method may comprise flowing an uncaptured portion of a third gaseous component to the
membrane unit, and recovering at least a portion of the uncaptured portion of the third gaseous
component from the membrane unit.

[0090] In embodiments of the method, the step of capturing may be performed at a temperature
from about 5 °C to about 50 °C; alternatively, about 20 °C to about 40 °C. In embodiments of the
method, the step of capturing may be performed at a pressure from about 100 psia to about 250
psia.

[0091] In embodiments of the method, recovering at least a portion of the captured gaseous
component, the captured second gasecous component, or combinations thereof, may be performed
at a temperature greater than a temperature at which the gaseous component, the second gaseous
component, or combinations thereof, is captured; additionally or alternatively, from about 60 °C to
about 450 °C.

[0092] In embodiments of the method, recovering at least a portion of the captured gaseous
component, the captured second gasecous component, or combinations thereof, may be performed
at a pressure less than a pressure at which the gaseous component, the second gaseous component,
or combinations thereof, is captured; at a pressure greater than about 14.7 psia; at a pressure which
is about 20 psia less than the pressure at which the gaseous component, the second gaseous
component, or combinations thereof, is captured; or combinations thereof.

[0093] In embodiments of the method, recovering at least a portion of the captured gaseous
component, of the captured second gaseous component, or combinations thereof, may comprise
liberating at least a portion of the captured gaseous component, of the captured second gaseous
component, or combinations thereof, from the ionic liquid solvent, and recovering the liberated
gaseous component, the liberated second gaseous component, or combinations thereof. Liberating
the captured gaseous component and/or the captured second gaseous component from the ionic
liquid solvent may generally comprise any suitable means of reversing the various links, bonds,
attractions, interactions, complexes, or combinations therecof by which the captured gaseous

component (optionally, captured second gasecous component) is bound, linked, bonded or
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combinations thereof to the ionic liquid solvent. Nonlimiting examples of a suitable means by
which to liberate the captured gasecous component (optionally, captured second gaseous
component) include altering a solubility of a captured gaseous component(optionally, captured
second gaseous component), altering absorption kinetics or the absorption equilibrium of the ionic
liquid solvent, heating the ionic liquid solvent comprising a captured gaseous component
(optionally, captured second gaseous component), depressurizing the ionic liquid solvent
comprising a captured gaseous component (optionally, captured second gaseous component),
altering the partial pressure of the captured gasecous component (optionally, captured second
gascous component), or combinations thereof. In an embodiment, liberating the captured gaseous
component (optionally, captured second gaseous component) may comprise depressurizing the
ionic liquid solvent comprising the captured gaseous component (optionally, captured second
gaseous component) to a suitable partial pressure. In an additional embodiment, liberating the
captured gaseous component (optionally, captured second gasecous component) may comprise
heating the ionic liquid solvent comprising the captured gaseous component (optionally, captured
second gaseous component) within a separator or regenerator to a suitable temperature. Such a
suitable temperature may be at a temperature greater than a temperature at which the gaseous
component, the second gaseous component, or combinations thereof, is captured; alternatively or
additionally, at a temperature from about 60 °C to about 450 °C, to encourage release of the
captured component from the ionic liquid solvent.
[0094] In embodiments of the method, the gaseous component may comprise an olefin or an
acid gas, and the second gaseous component may comprise an alkane or an acid gas. The olefin
may comprise cthylene, the alkane may comprise isobutane, and the acid gas may comprise CO; or
H,S.

EXAMPLES
[0095] The disclosure having been generally described, the following examples are given as
particular embodiments of the disclosure and to demonstrate the practice and advantages thercof.
It is understood that these examples are given by way of illustration and is not intended to limit the
specification or the claims in any manner.
[0096] A commercial process simulator was employed to generate models in accordance with

the systems and/or methods disclosed herein. The models employed a system as shown in the
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figures. In the models, a process stream 111 feeds to the separator 110. As is seen below, using an
ionic liquid solvent as disclosed herein for the capture of gaseous components provides for high
selectivity of the gaseous component to other components in the process stream 111.

EXAMPLE 1
[0097] Example 1 utilizes the system 100 of Figure 1. Process stream 111 of Figure 1 is fed to
the bottom of the separator 110. The composition and conditions for the process stream 111 of

Example 1 are given in Table 1 below:

Table 1
Composition Mass flow Molar flow Mol.ar Partial .
(Ib/hr) (kmol/hr) fraction pressure (psia)

Hydrogen 31.06 7.1 0.29 59.3
Nitrogen 136.53 2.2 0.09 18.6
Ethane 169.14 2.6 0.11 21.5
Ethylene 728.54 11.8 0.49 99.4
I-Butane 62.04 0.5 0.02 4.1

Total 1127.31 24.2 1.00 203.0

[0098] Solvent stream 122 comprising the ionic liquid solvent is fed to the top of the separator
110. The pressure of the separator 110 is about 186 psia, and the temperature is about 30°C. The
ionic liquid solvent is [emim][Tf,N]-Ag, and the concentration of Ag(I) in the ionic liquid solvent
is about 1.8 N.

[0099] In the separator 110, gaseous hydrogen, nitrogen, ethane, ethylene and isobutane rise
through the ionic liquid solvent, and ecthylene is captured (via absorption and complexing as
described herein) into the [emim][Tf,N]-Ag while isobutane is physisorbed. The ethylene which is
complexed with the [emim][Tf,N]-Ag and isobutane which is physisorbed in [emim][Tf,N] exits
from the separator 110 and flows to a regenerator 120 via captured stream 113. Ethylene liberates
(e.g., desorbs) and the isobutane liberates from the [emim][Tf,N]-Ag in the regenerator 120, where
the pressure is about 16 psia and temperature is about 93 °C, so as to regenerate the [emim][Tf,N]-
Ag and provide a recovered stream 121 comprising cthylene and isobutane. The regenerated
[emim][Tf,N]-Ag is recycled back to the separator 110 via solvent stream 122.

[00100] For a solvent stream 122 flow rate of 225,400 lb/hr, and a mass flow ratio of liquid to gas

of about 200, ethylene recovery in recovered stream 121 is about 96.5% by weight of ethylene in
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the process stream 111 or by moles of ethylene in the process stream 111, isobutane recovery is
about 88% by weight of isobutane in the process stream 111 or by moles of isobutane in the
process stream 111, and the purity of the recovered ethylene and isobutane is about 90% by mole
of ethylene and isobutane in the recovered stream 121.
[00101] Example 1 demonstrates an ionic liquid solvent as disclosed herein can selectively
capture two gaseous components of the process stream 111, i.e., in the case of Example 1, ethylene
and isobutane. Moreover, the recovery of the two gaseous components is about 96.5% for ethylene
and about 88% for isobutane; and the purity of the two gaseous components is about 90%. The
capture of two gaseous components may avoid the need for separation of the second gaseous
component (i.e., isobutane) from the process stream 111 in other equipment (i.e., in a membrane
unit or other separating device). Such cases may reduce capital cost for process stream component
separations and/or provide recovery of two gaseous components which may complement one
another in subsequent use or sale, separations, processing, or combinations thereof.

EXAMPLE 2
[00102] Example 2 utilizes the system 100 of Figure 1. Process stream 111 of Figure 1
comprising gaseous hydrogen, nitrogen, ethane, ethylene and isobutane is fed to the bottom of the
separator 110. The composition and conditions for the process stream 111 of Example 2 are given
in Table 1 above. The solvent stream 122 comprising the ionic liquid solvent is fed to the top of
the separator 110.
[00103] The pressure of the separator 110 is about 186 psia, and the temperature is about 30 °C.
The ionic liquid solvent is [emim][Tf;N]-Ag, and the concentration of Ag(I) in the ionic liquid
solvent is about 1.8 N.
[00104] In the separator 110, gaseous ethane, ethylene and isobutane rise through the ionic liquid
solvent, and ethylene is captured (via absorption and complexing as described herein) into the
[emim][Tf,N]-Ag. The ethylene which is complexed with the [emim][Tf,N]-Ag exits from the
separator 110 and flows to a regenerator 120 via captured stream 113. Ethylene liberates (e.g.,
desorbs) from the [emim][Tf,N]-Ag in the regenerator 120, where the pressure is about 16 psia and
temperature is about 149 °C, so as to regenecrate the [emim][Tf,N]-Ag. The regenerated
[emim][Tf,N]-Ag is recycled back to the separator 110 via solvent stream 122. Recovered

cthylene flows from the regenerator 120 into recovered stream 121.
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[00105] For a solvent stream 122 flow rate of 16,905 Ib/hr, and a mass flow ratio of liquid to gas
of about 15, ethylene recovery in recovered stream 121 is about 97%, and the purity of the
recovered ethylene is about 98.96%.

[00106] Example 2 demonstrates an ionic liquid solvent as disclosed herein can selectively
capture one gaseous component of the process stream 111, i.e., in the case of Example 2, ethylene.
Moreover, the recovery of the gasecous component is about 97% by weight of ethylene in the
process stream 111, and the purity of cthylene is about 98.96% by mole of ethylene in the
recovered stream 121. The selective capture of one gasecous component may avoid the need for
separation of the gaseous component (i.c., ethylene) from other gaseous components subsequent to
the regenerator 120. Such cases may reduce capital cost for process stream component separations
and/or provide selective recovery of a gaseous component which may otherwise be difficult,
expensive, or inefficient to separate from the process stream 111.

EXAMPLE 3

[00107] Example 3 utilizes the system 200 of Figure 2. Process stream 111 of Figure 1
comprising gaseous hydrogen, nitrogen, ethane, ethylene and isobutane is fed to the bottom of the
separator 110. The composition and conditions of the process stream 111 for Example 3 are shown

in Table 2 below:

Table 2

Composition Mass flow | Molar flow Molar Partial pressure

(Ib/hr) (kmol/hr) fraction (psia)
Hydrogen 29.7 6.8 0.46 88.0
Nitrogen 92.7 1.5 0.10 19.6
Ethane 66.7 1.0 0.07 13.2
Ethylene 251.5 4.1 0.28 532
I-Butane 1654 1.3 0.09 16.9
Total 606 14.6 1.00 191.0

[00108] Solvent stream 122 comprising the ionic liquid solvent is fed to the top of the separator
110. The pressure of the separator 110 is about 186 psia, and the temperature is about 30 °C. The
ionic liquid solvent is [emim][Tf,N]-Ag, and the concentration of Ag(I) in the ionic liquid solvent

is about 1.8 N.
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[00109] In the separator 110, gaseous ethane, ethylene and isobutane rise through the ionic liquid
solvent, and ethylene is absorbed (via complexing as described herein) into the [emim][Tf,N]-Ag.
The ethylene which is complexed with the [emim][Tf,N]-Ag exits the separator 110 and flows to a
regenerator 120 via captured stream 113. Ethylene desorbs from the [emim][Tf;N]-Ag in the
regenerator 120, where the pressure is 16 psia and the temperature is about 149 °C, so as to
regenerate the [emim][Tf;N]-Ag. The regenerated [emim][Tf,N]-Ag is recycled back to the
separator 110 via solvent stream 122.
[00110] Isobutane which is not absorbed in the separator 110 flows via stream 112 to a membrane
unit 130. Isobutane is recovered as permeate of an isobutane-selective membrane 135 in the
membrane unit 130. Isobutane flows from the membrane unit 130 in stream 132. Ethane and any
remaining gas are recovered in the retentate of the membrane via stream 131.
[00111] For a solvent stream 122 flow rate of about 6,000 Ib/hr, and a mass flow ratio of liquid to
gas of about 10, ethylene recovery is about 92.6% by weight of ethylene in the process stream 111,
the purity of the recovered ethylene is about 98.3% by mole of ethylene in the recovered stream
121, and isobutane recovery is as high as about 98% by weight of isobutane in the process stream
111.
[00112] Example 3 demonstrates utilization of a membrane unit 130 to recover the second
gaseous component (i.c., isobutane) can provide for a smaller solvent circulation system. When
compared with Examples 1 and 2, the mass flow ratio of ionic liquid solvent in Example 3 is about
10, while the mass flow ratio for Example 1 is about 200 and the mass flow ratio of Example 2 is
about 15. In cases where circulation capacities to achieve mass flow ratios such as those in
Examples 1 and 2 are not available (e.g., such capacity is cost-prohibitive, retrofitting for such a
capacity is not possible, a footprint for such a capacity is not available, etc.), Example 3 provides
for 92.6% recovery of ethylene in the separator 110 using a mass flow ratio of 10 and up to 98%
recovery of isobutane in the membrane unit 130.

PROPHETIC EXAMPLE 1
[00113] Prophetic Example 1 utilizes the system 100 of Figure 1. Process stream 111 of Figure 1
comprising natural gas, CO, and H,S is fed to the bottom of the separator 110, and solvent stream
122 comprising the ionic liquid solvent is fed to the top of the separator 110. The mass flow ratio

of liquid to gas can be about 10 to about 100. The pressure of the separator 110 is about 100 psia
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to about 250 psia, and the temperature is about 5 °C to about 50 °C. The ionic liquid solvent is
[emim][Tf,N]-Ag, and the concentration of Ag(l) in the ionic liquid solvent can be 0 N to about
1.8 N.
[00114] In the separator 110, gaseous natural gas, CO,, and H,S rise through the ionic liquid
solvent, and CO, and H,S are captured (e.g., physisorb) into the [emim][Tf,N]-Ag. The CO, and
H,S which are captured (e.g., physically dissolved) in the [emim][Tf,N]-Ag exits from the
separator 110 and flows to a regenerator 120 via captured stream 113. CO; and H,S liberate (e.g.,
become insoluble) from the [emim][Tf;N]-Ag in the regenerator 120 so as to regenerate the
[emim][Tf,N]-Ag. The regenerator 120 operates at a temperature from about 60 °C to about 450
°C, and a pressure greater than or equal to about 14.7 psia where the pressure is less than about 20
psia less than the pressure of the separator 110.
[00115] The regenerated [emim][Tf;N]-Ag is recycled back to the separator 110 via solvent
stream 122. The CO; and H,S can be recovered in recovered stream 121. The CO, recovery can
be greater than 50% by weight of CO; in the process stream 111 or by mole of CO,; in the process
stream 111, and the H,S recovery can be greater than 50% by weight of H,S in the process stream
111 or by mole H;S in the process stream 111. Purity of CO; in the recovered stream 121 can be
greater than about 90% by mole of CO, in the recovered stream 121. Purity of H,S in the
recovered stream 121 can be greater than about 90% by mole of H,S in the recovered stream 121.
[00116] Prophetic Example 1 demonstrates CO, and H,S may be removed from natural gas to
provide a natural gas stream having reduced amounts of CO; and H,S.

PROPHETIC EXAMPLE 2
[00117] Prophetic Example 2 utilizes the system 100 of Figure 1. Process stream 111 of Figure 1
comprising syngas and CO, is fed to the bottom of the separator 110, and solvent stream 122
comprising the ionic liquid solvent is fed to the top of the separator 110. The mass flow ratio of
liquid to gas can be about 10 to about 100. The pressure of the separator 110 is about 100 psia to
about 250 psia, and the temperature is about 5 °C to about 50 °C. The ionic liquid solvent is
[emim][Tf,N]-Ag, and the concentration of Ag(l) in the ionic liquid solvent can be 0 N to about
1.8 N.
[00118] In the separator 110, gaseous syngas and CO; rise through the ionic liquid solvent, and
CO; is captured into the [emim][Tf;N]-Ag. The CO, which is captured (e.g., physically dissolves)
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in the [emim][Tf,N]-Ag exits from the separator 110 and flows to a regenerator 120 via captured
stream 113. CO, liberates (e.g., becomes insoluble) from the [emim][Tf;N]-Ag in the regenerator
120 so as to regenerate the [emim][Tf;N]-Ag. The regenerator 120 operates at a temperature from
about 60 °C to about 450 °C, and a pressure greater than about 14.7 psia and wherein the pressure
is less than about 20 psia less than the pressure of the separator 110.
[00119] The regenerated [emim][Tf;N]-Ag is recycled back to the separator 110 via solvent
stream 122. The CO, can be recovered in recovered stream 121. The CO; recovery can be greater
than 50% by weight of CO; in the process stream 111 or by mole of CO, in the process stream 111.
Purity of CO; in the recovered stream 121 can be greater than about 90% by mole of CO, in the
recovered stream 121.
[00120] Prophetic Example 2 demonstrates CO, may be removed from syngas to provide a
syngas stream having reduced amounts of COx.

ADDITIONAL DESCRIPTION
[00121] A process and system for the production for polyethylene has been described. The
following clauses are offered as further description:
[00122] Embodiment 1. A method comprises providing a process stream comprising a gaseous
component, capturing at least a portion of the gaseous component from the process stream by the
ionic liquid solvent, and recovering at least a portion of a captured gaseous component from the
ionic liquid solvent.
[00123] Embodiment 2. The method of Embodiment 1, wherein at least a portion of a second
gaseous component from the process stream is captured by the ionic liquid solvent, and the method
further comprises recovering at least a portion of the second gaseous component from the ionic
liquid solvent.
[00124] Embodiment 3. The method of one of Embodiments 1 to 2, wherein the ionic liquid
solvent comprise a cation, an anion, a Ag(I) salt, a Cu(I) salt, or combinations thereof.
[00125] Embodiment 4. The method of Embodiment 3, wherein the cation comprises an
ethylmethylimidazolium cation, a butylmethylimidazolium cation, a butylmethylpyridinium cation,
or combinations thereof, wherein the anion comprises a bis(trifluoromethanesulfonyl)amide

anion, a hexafluorophosphate anion, a trifluoromethanesulfonate anion, a dicyanamide anion, a
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tetrafluoroborate anion, a thiocyanate anion, a nitrate anion, a sulfonate anion, a methylsulfate
anion, or combinations thereof.

[00126] Embodiment 5. The method of one of Embodiments 3 to 4, wherein the Ag(I) salt
comprises silver(I) bis(trifluoromethanesulfonyl)amide ([Ag(D][TEHND, silver(I)
trifluoromethanesulfonate ([Ag(I)][TfO]), silver(I) nitrate ([Ag(I)][NOs]), or combinations thereof.
[00127] Embodiment 6. The method of one of Embodiments 3 to 4, wherein the Cu(l) salt
comprises copper(I) chloride ([Cu()][Cl]), copper(I) bromide ([Cu(I)][Br]), cuprous
trifluoroacetate ([Cu(I)][TFA]), copper(I) nitrate ([Cu(I)][NOs]), or combinations thereof.

[00128] Embodiment 7. The method of one of Embodiments 3 to 6, wherein the concentration of
silver, copper, or both, in the ionic liquid solvent may comprise 0 N to about 5 N.

[00129] Embodiment 8. The method of one of Embodiments 3 to 7, wherein the concentration of
silver, copper, or both, in the ionic liquid solvent may comprise 0 N to about 2 N.

[00130] Embodiment 9. The method of one of Embodiments 3 to 8, wherein the concentration of
silver, copper, or both, in the ionic liquid solvent may comprise 0 N to about 1.8 N.

[00131] Embodiment 10. The method of one of Embodiments 3 to 9, wherein the concentration
of silver, copper, or both in the ionic liquid solvent may comprise about 0.45 N to about 1.8 N.
[00132] Embodiment 11. The method of one of Embodiments 1 to 10, wherein said capturing
may be performed at a liquid-to-gas mass flow ratio from about 1 to about 350.

[00133] Embodiment 12. The method of one of Embodiments 1 to 11, wherein said capturing
may be performed at a liquid-to-gas mass flow ratio from about 10 to about 100.

[00134] Embodiment 13. The method of one of Embodiments 1 to 12, wherein said capturing
may be performed at a liquid-to-gas mass flow ratio such that at least a portion of a second gaseous
component is captured by the ionic liquid solvent in addition to the capture of the gaseous
component.

[00135] Embodiment 14. The method of Embodiment 13, wherein the liquid-to-gas mass flow
ratio comprises greater than about 10.

[00136] Embodiment 15. The method of one of Embodiments 13 to 14, wherein the liquid-to-gas

mass flow ratio comprises greater than about 15.
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[00137] Embodiment 16. The method of one of Embodiments 1 to 12, wherein said capturing
may be performed at a liquid-to-gas mass flow ratio such that at least a portion of the second
gaseous component is not captured by the ionic liquid solvent.

[00138] Embodiment 17. The method of Embodiment 16, wherein the liquid-to-gas mass flow
ratio comprises less than about 200.

[00139] Embodiment 18. The method of one of Embodiments 1 to 17, further comprising
flowing the ionic liquid solvent at a mass flow rate from about 1,000 pounds per hour to about
300,000 pounds per hour.

[00140] Embodiment 19. The method of one of Embodiments 1 to 18, further comprising
flowing the ionic liquid solvent at a flow rate which captures at least a portion of the gascous
component, wherein the gaseous component comprises an acid gas.

[00141] Embodiment 20. The method of one of Embodiments 1 to 19, wherein the gaseous
component and/or are the second gaseous component are captured by absorption, adsorption,
dissolution, complexation, or combinations thereof.

[00142] Embodiment 21. The method of one of Embodiments 1 to 20, further comprising
flowing an uncaptured portion of the second gaseous component to a membrane unit, and
recovering at least a portion of the uncaptured portion of the second gaseous component from the
membrane unit.

[00143] Embodiment 22. The method of one of Embodiments 1 to 21, further comprising
flowing an uncaptured portion of a third gaseous component to the membrane unit, and recovering
at least a portion of the uncaptured portion of the third gaseous component from the membrane
unit.

[00144] Embodiment 23. The method of one of Embodiments 1 to 22, wherein said capturing is
performed at a temperature from about 5 °C to about 50 °C.

[00145] Embodiment 24. The method of one of Embodiments 1 to 23, wherein said capturing is
performed at a temperature from about 20 °C to about 40 °C.

[00146] Embodiment 25. The method of one of Embodiments 1 to 24, wherein said capturing is
performed at a pressure from about 100 psia to about 250 psia.

[00147] Embodiment 26. The method of one of Embodiments 1 to 25, wherein recovering at

least a portion of the captured gaseous component, the captured second gaseous component, or
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combinations thereof, is performed at a temperature greater than a temperature at which the
gaseous component, the second gaseous component, or combinations thereof, is captured.

[00148] Embodiment 27. The method of one of Embodiments 1 to 26, wherein recovering at
least a portion of a captured gaseous component, a captured second gaseous component, or
combinations thereof, is performed at a temperature from about 60 °C to about 450 °C.

[00149] Embodiment 28. The method of one of Embodiments 1 to 27, wherein recovering at
least a portion of a captured gaseous component, a captured second gaseous component, or
combinations thereof, is performed at a pressure less than a pressure at which the gaseous
component, the second gaseous component, or combinations thereof, is captured; at a pressure
greater than about 14.7 psia; at a pressure which is about 20 psia less than the pressure at which the
gaseous component, the second gaseous component, or both, is captured; or combinations thereof.
[00150] Embodiment 29. The method of one of Embodiments 1 to 28, wherein recovering at
least a portion of a captured gaseous component, of a captured second gasecous component, or
combinations thereof, comprises liberating at least a portion of the captured gaseous component, of
the captured second gaseous component, or combinations thereof from the ionic liquid solvent, and
recovering the liberated gaseous component, the liberated second gaseous component, or
combinations thereof.

[00151] Embodiment 30. A method comprises providing a process stream comprising an olefin,
capturing at least a portion of the olefin from the process stream by an ionic liquid solvent, and
recovering at least a portion of a captured olefin from the ionic liquid solvent.

[00152] Embodiment 31. The method of Embodiment 30, wherein the ionic liquid solvent
comprises a cation and an anion.

[00153] Embodiment 32. The method of Embodiment 31, wherein the cation comprises an
ethylmethylimidazolium cation, a butylmethylimidazolium cation, a butylmethylpyridinium cation,
or combinations thercof, wherein the anion comprises a bis(trifluoromethanesulfonyl)amide
anion, a hexafluorophosphate anion, a trifluoromethanesulfonate anion, a dicyanamide anion, a
tetrafluoroborate anion, a thiocyanate anion, a nitrate anion, a sulfonate anion, a methylsulfate
anion, or combinations thercof.

[00154] Embodiment 33. The method of one of Embodiments 30 to 32, wherein the ionic liquid

solvent comprises a Ag(I) salt, a Cu(]) salt, or combinations thereof.
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[00155] Embodiment 34. The method of Embodiment 33, wherein the Ag(I) salt comprises
silver(I) bis(trifluoromethanesulfonyl)amide, silver(I) trifluoromethanesulfonate, silver(l) nitrate,
or combinations thereof.

[00156] Embodiment 35. The method of one of Embodiments 33 to 34, wherein the Cu(l) salt
comprises copper(l) chloride, copper(I) bromide, cuprous trifluoroacetate, copper(l) nitrate, or
combinations thereof.

[00157] Embodiment 36. The method of one of Embodiments 30 to 35, wherein a concentration
of silver, copper, or both, in the ionic liquid solvent is from about 0.1 N to about 5 N.

[00158] Embodiment 37. The method of one of Embodiments 30 to 36, wherein the
concentration of silver, copper, or both, in the ionic liquid is from about 0.45 N to about 1.8 N.
[00159] Embodiment 38. The method of one of Embodiments 30 to 37, wherein said capturing is
performed at a liquid-to-gas mass flow ratio from about 1 to about 350.

[00160] Embodiment 39. The method of one of Embodiments 30 to 38, further comprising
flowing the ionic liquid solvent at a mass flow rate from about 1,000 pounds per hour to about
300,000 pounds per hour.

[00161] Embodiment 40. The method of one of Embodiments 30 to 39, wherein the process
stream further comprises an alkane.

[00162] Embodiment 41. The method of Embodiment 40, wherein said capturing is performed
at a liquid-to-gas mass flow ratio such that at least a portion of the alkane is captured by the ionic
liquid solvent in addition to the capture of at least a portion of the olefin.

[00163] Embodiment 42. The method of Embodiment 41, wherein the liquid-to-gas mass flow
ratio is greater than about 15.

[00164] Embodiment 43. The method of one of Embodiments 41 to 42, wherein at least a
portion of the alkane is captured by absorption, dissolution, adsorption, complexation, or
combinations thereof.

[00165] Embodiment 44. The method of one of Embodiments 41 to 43, further comprising
recovering at least a portion of a captured alkane from the ionic liquid solvent.

[00166] Embodiment 45. The method of Embodiment 44, wherein recovering at least a portion
of a captured alkane is performed at a temperature greater than the temperature at which the

alkane is captured and at a pressure less than the pressure at which the alkane is captured.
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[00167] Embodiment 46. The method of Embodiment 40, wherein said capturing is performed
at a liquid-to-gas mass flow ratio such that at least a portion of the alkane from the process
stream is not captured by the ionic liquid solvent.

[00168] Embodiment 47. The method of one of Embodiments 40 and 46, wherein a liquid-to-
gas mass flow ratio is less than about 200.

[00169] Embodiment 48. The method of Embodiment 46, further comprising flowing an
uncaptured portion of the alkane to a membrane unit, and recovering at least a portion of the
uncaptured portion of the alkane from the membrane unit.

[00170] Embodiment 49. The method of one of Embodiments 40 to 48, wherein the alkane
comprises isobutane, wherein the olefin comprises ethylene.

[00171] Embodiment 50. The method of one of Embodiments 30 to 48, wherein the olefin
comprises ethylene.

[00172] Embodiment 51. The method of one of Embodiments 30 to 50, wherein the olefin is
captured by the ionic liquid solvent at a temperature from about 20 °C to about 40 °C.

[00173] Embodiment 52. The method of one of Embodiments 30 to 51, wherein the olefin is
captured by the ionic liquid solvent at a pressure from about 100 psia to about 250 psia.

[00174] Embodiment 53. The method of one of Embodiments 30 to 52, wherein at least a
portion of the olefin is captured by absorption, adsorption, dissolution, complexation or
combinations thereof.

[00175] Embodiment 54. The method of one of Embodiments 30 to 53, wherein recovering at
least a portion of a captured olefin comprises liberating at least a portion of the captured olefin
from the ionic liquid solvent, and recovering the liberated olefin.

[00176] Embodiment 55. The method of one of Embodiments 30 to 54, wherein recovering at
least a portion of a captured olefin is performed at a temperature greater than the temperature at
which the olefin is captured and at a pressure less than the pressure at which the olefin is
captured.

[00177] Embodiment 56. A method comprises providing a process stream comprising an acid
gas, capturing at least a portion of the acid gas from the process stream by an ionic liquid

solvent, and recovering at least a portion of a captured acid gas from the ionic liquid solvent.
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[00178] Embodiment 57. The method of Embodiment 56, wherein the ionic liquid solvent
comprises a cation and an anion; wherein the cation comprises an ethylmethylimidazolium cation,
a butylmethylimidazolium cation, a butylmethylpyridinium cation, or combinations thereof;
wherein the anion comprises a bis(trifluoromethanesulfonyl)amide anion, a hexafluorophosphate
anion, a trifluoromethanesulfonate anion, a dicyanamide anion, a tetrafluoroborate anion, a
thiocyanate anion, a nitrate anion, a sulfonate anion, a methylsulfate anion, or combinations
thereof.

[00179] Embodiment 58. The method of one of Embodiments 56 to 57, wherein the ionic liquid
solvent comprises a Ag(l), a Cu(I) salt, or combinations thereof.

[00180] Embodiment 59. The method of Embodiment 58, wherein the Ag(I) salt comprises
silver(I) bis(trifluoromethanesulfonyl)amide, silver(I) trifluoromethanesulfonate, silver(l) nitrate,
or combinations thereof.

[00181] Embodiment 60. The method of one of Embodiments 58 to 59, wherein the Cu(l) salt
comprises copper(l) chloride, copper(I) bromide, cuprous trifluoroacetate, copper(l) nitrate, or
combinations thereof.

[00182] Embodiment 61. The method of one of Embodiments 58 to 60, wherein a concentration
of silver, copper, or both, in the ionic liquid solvent is from 0 N to about 2 N.

[00183] Embodiment 62. The method of one of Embodiments 56 to 61, wherein said capturing is
performed at a liquid-to-gas mass flow ratio from about 10 to about 100.

[00184] Embodiment 63. The method of one of Embodiments 56 to 62, wherein said capturing
is performed at a temperature from about 5 °C to about 50 °C.

[00185] Embodiment 64. The method of one of Embodiments 56 to 63, wherein the captured
acid gas is recovered at a temperature from about 60 °C to about 450 °C.

[00186] Embodiment 65. The method of one of Embodiments 56 to 64, wherein said capturing
is performed at a pressure from about 100 psia to about 250 psia.

[00187] Embodiment 66. The method of one of Embodiments 56 to 65, wherein the captured
acid gas is recovered at a pressure greater than or equal to about 14.7 psia, wherein the pressure
at which the captured acid gas is recovered is about 20 psia less than the pressure at which the

acid gas is captured.
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[00188] Embodiment 67. The method of one of Embodiments 56 to 65, further comprising
flowing the ionic liquid solvent at a flow rate which captures at least a portion of the acid gas.
[00189] Embodiment 68. The method of one of Embodiments 56 to 67, wherein the acid gas
comprises carbon dioxide, hydrogen sulfide, or both.

[00190] Embodiment 69. The method of one of Embodiments 56 to 68, wherein the process
stream further comprises raw natural gas, syngas, or both.

[00191] Embodiment 70. The method of one of Embodiments 56 to 69, wherein the acid gas is
captured by absorption, adsorption, dissolution, complexation, or combinations thereof.

[00192] Embodiment 71. A system comprising a process stream comprising a gaseous
component; a separator comprising an ionic liquid solvent, wherein the separator receives the
process stream, wherein the ionic liquid solvent captures at least a portion of the gaseous
component; a captured stream exiting the separator and comprising the captured gaseous
component captured in the ionic liquid solvent; and a regenerator to receive the captured stream,
wherein the regenerator regenerates the ionic liquid solvent and emits at least a portion of a
recovered gaseous component.

[00193] Embodiment 72. The system of Embodiment 71, wherein the gaseous component
comprises ethylene or an acid gas; wherein the recovered gaseous component comprises ethylene
or an acid gas.

[00194] Embodiment 73. The system of one of Embodiments 71 to 72, wherein the process
stream further comprises a second gaseous component, wherein at least a portion of the second
gaseous component is not captured in the ionic liquid solvent, the system further comprising an
uncaptured stream exiting the separator and comprising an uncaptured portion of the second
gaseous component, and a membrane unit to receive the uncaptured stream and to recover at
least a portion of the uncaptured portion of the second gaseous components.

[00195] Embodiment 74. The system of Embodiment 73, wherein the gaseous component
comprises ethylene, wherein the second gaseous components comprises isobutane.

[00196] Embodiment 75. The system of one of Embodiments 71 to 72, wherein the process
stream further comprises a second gaseous component, wherein the ionic liquid solvent captures

at least a portion of the second gasecous component.
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[00197] Embodiment 76. The system of Embodiment 75, wherein at least a portion of the
gaseous component is captured by the ionic liquid solvent via absorption, dissolution, adsorption,
complexation, or combinations thercof; wherein at least a portion of the second gascous
component is captured by the ionic liquid solvent via absorption, dissolution, adsorption,
complexation, or combinations thereof.

[00198] Embodiment 77. The system of one of Embodiments 75 to 76, wherein the gaseous
component comprises ethylene, wherein the second gaseous component comprises isobutane.
[00199] Embodiment 78. The system of Embodiments 75 to 76, wherein the gaseous
component comprises carbon dioxide; wherein the second gaseous component comprises
hydrogen sulfide.

[00200] Embodiment 79. The system of one of Embodiments 75 to 78, wherein the regenerator
emits at least a portion of a second recovered gaseous component.

[00201] Embodiment 80. The system of Embodiment 79, wherein the recovered gaseous
component comprises ethylene or an acid gas, wherein the second recovered gaseous component
comprises isobutane or an acid gas.

[00202] Embodiment 81. The system of one of Embodiments 71 to 80, wherein separator
operates at a liquid-to-gas mass flow ratio from about 1 to about 350.

[00203] Embodiment 82. The system of one of Embodiments 71 to 81, wherein the separator
operates at a liquid-to-gas mass flow ratio from about 10 to about 100.

[00204] Embodiment 83. The system of one of Embodiments 71 to 72 and 75 to 82, wherein
the process stream further comprises a second gaseous component; wherein the ionic liquid
solvent flows through the separator at a liquid-to-gas mass flow ratio such that at least a portion
of the gaseous component and at least a portion of the second gaseous component are captured
by the ionic liquid solvent.

[00205] Embodiment 84. The system of one of Embodiments 71 to 83, wherein the ionic liquid
solvent comprises a cation and an anion; wherein the cation comprises an ethylmethylimidazolium
cation, a butylmethylimidazolium cation, a butylmethylpyridinium cation, or combinations thereof;,
wherein the anion comprises a bis(trifluoromethanesulfonyl)amide anion, a hexafluorophosphate

anion, a trifluoromethanesulfonate anion, a dicyanamide anion, a tetrafluoroborate anion, a
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thiocyanate anion, a nitrate anion, a sulfonate anion, a methylsulfate anion, or combinations
thereof.

[00206] Embodiment 85. The system of one of Embodiments 71 to 84, wherein the ionic liquid
solvent comprises a Ag(l) salt, a Cu(]) salt, or combinations thereof.

[00207] Embodiment 86. The system of Embodiment 85, wherein the Ag(l) salt comprises
silver(I) bis(trifluoromethanesulfonyl)amide, silver(I) trifluoromethanesulfonate, silver(l) nitrate,
or combinations thereof.

[00208] Embodiment 87. The system of one of Embodiments 85 to 86, wherein the Cu(l) salt
comprises copper(l) chloride, copper(I) bromide, cuprous trifluoroacetate, copper(l) nitrate, or
combinations thereof.

[00209] Embodiment 88. The system of one of Embodiments 85 to 87, wherein a concentration
of silver, copper, or both, in the ionic liquid solvent is from about 0.1 N to about 5 N.

[00210] Embodiment 89. The system of one of Embodiments 85 to 88, wherein the concentration
of silver, copper, or both, in the ionic liquid is from about 0.45 N to about 1.8 N.

[00211] Embodiment 90. The system of one of Embodiments 71 to 72, wherein the process
stream further comprises a second gaseous component, wherein at least a portion of the second
gaseous component is not captured in the ionic liquid solvent, the system further comprising an
uncaptured stream exiting the separator and comprising an uncaptured portion of the second
gaseous component.

[00212] Embodiment 91. The system Embodiment 90, wherein the gaseous component
comprises cthylene; wherein the second gaseous component comprises isobutane, cthane,
hydrogen, nitrogen, or combinations thereof.

[00213] Embodiment 92. The system of Embodiment 90, wherein the gaseous component
comprises an acid gas; wherein the second gaseous component comprises natural gas.

[00214] Embodiment 93. The system of Embodiment 90, wherein the gaseous component
comprises carbon dioxide; wherein the second gaseous component comprises syngas.

[00215] Embodiment 94. The system of one of Embodiments 71 to 93, wherein the separator
operates at a temperature from about 5 °C to about 50 °C.

[00216] Embodiment 95. The system of one of Embodiments 71 to 94, wherein the separator

operates at a temperature from about 20 °C to about 40 °C.
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[00217] Embodiment 96. The system of one of Embodiments 71 to 95, wherein the separator
operates at a pressure from about 100 psia to about 250 psia.

[00218] Embodiment 97. The system of one of Embodiments 71 to 96, wherein the regenerator
operates at a temperature greater than a temperature of the separator.

[00219] Embodiment 98. The system of one of Embodiments 71 to 97, wherein the regenerator
operates at pressure less than a pressure of the separator.

[00220] Embodiment 99. The system of one of Embodiments 71 to 98, wherein the regenerator
operates at a temperature from about 60 °C to about 450 °C.

[00221] Embodiment 100. The system of one of Embodiments 71 to 99, wherein the
regenerator operates at a pressure greater than or equal to about 14.7 psia, wherein the pressure at
which the regenerator operates is about 20 psia less than a pressure at which the separator
operates.

[00222] At least one embodiment is disclosed and variations, combinations, and/or modifications
of the embodiment(s) and/or features of the embodiment(s) made by a person having ordinary skill
in the art are within the scope of the disclosure. Alternative embodiments that result from
combining, integrating, and/or omitting features of the embodiment(s) are also within the scope of
the disclosure. Where numerical ranges or limitations are expressly stated, such express ranges or
limitations should be understood to include iterative ranges or limitations of like magnitude falling
within the expressly stated ranges or limitations (e.g., from about 1 to about 10 includes, 2, 3, 4,
etc.; greater than 0.10 includes 0.11, 0.12, 0.13, etc.). For example, whenever a numerical range
with a lower limit, Ry, and an upper limit, Ry, is disclosed, any number falling within the range is
specifically disclosed. In particular, the following numbers within the range are specifically
disclosed: R=R; +k* (R,-R;), wherein k is a variable ranging from 1 percent to 100 percent with a
1 percent increment, i.e., k is 1 percent, 2 percent, 3 percent, 4 percent, 5 percent, ..... 50 percent,
51 percent, 52 percent... 95 percent, 96 percent, 97 percent, 98 percent, 99 percent, or 100 percent.
Moreover, any numerical range defined by two R numbers as defined in the above is also
specifically disclosed. Use of the term “optionally” with respect to any element of a claim means
that the element is required, or alternatively, the element is not required, both alternatives being
within the scope of the claim. Use of broader terms such as comprises, includes, and having

should be understood to provide support for narrower terms such as consisting of, consisting
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essentially of, and comprised substantially of. Accordingly, the scope of protection is not limited
by the description set out above but is defined by the claims that follow, that scope including all
equivalents of the subject matter of the claims. Each and every claim is incorporated as further
disclosure into the specification and the claims are embodiment(s) of the disclosed inventive
subject matter. The discussion of a reference in the disclosure is not an admission that it is prior
art, especially any reference that has a publication date after the priority date of this application.
The disclosure of all patents, patent applications, and publications cited in the disclosure are hereby
incorporated by reference, to the extent that they provide exemplary, procedural or other details

supplementary to the disclosure.
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CLAIMS
1. A method comprising:
providing a process stream comprising an olefin;
capturing at least a portion of the olefin from the process stream by an ionic liquid
solvent; and

recovering at least a portion of a captured olefin from the ionic liquid solvent.

2. The method of claim 1, wherein the ionic liquid solvent comprises a cation and an anion;
wherein the cation comprises an cthylmethylimidazolium cation, a butylmethylimidazolium
cation, a butylmethylpyridinium cation, or combinations thereof; wherein the anion comprises a
bis(trifluoromethanesulfonyl)amide anion, a hexafluorophosphate anion, a
trifluoromethanesulfonate anion, a dicyanamide anion, a tetrafluoroborate anion, a thiocyanate

anion, a nitrate anion, a sulfonate anion, a methylsulfate anion, or combinations thereof.

3. The method of claim 1, wherein the ionic liquid solvent comprises a Ag(I) salt, a Cu(I)

salt, or combinations thereof.

4. The method of claim 3, wherein the Ag(I) salt comprises silver(I)
bis(trifluoromethanesulfonyl)amide, silver(I) trifluoromethanesulfonate, silver(I) nitrate, or

combinations thereof.

5. The method of claim 3, wherein the Cu(l) salt comprises copper(I) chloride, copper(l)

bromide, cuprous trifluoroacetate, copper(l) nitrate, or combinations thereof.

6. The method of claim 3, wherein a concentration of silver, copper, or both, in the ionic

liquid solvent is from about 0.1 N to about 5 N.

7. The method of claim 6, wherein the concentration of silver, copper, or both, in the ionic

liquid is from about 0.45 N to about 1.8 N.
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8. The method of claim 1, wherein said capturing is performed at a liquid-to-gas mass flow
ratio from about 1 to about 350.
9. The method of claim 1, further comprising:

flowing the ionic liquid solvent at a mass flow rate from about 1,000 pounds per hour to

about 300,000 pounds per hour.
10.  The method of claim 1, wherein the process stream further comprises an alkane.
11.  The method of claim 10, wherein said capturing is performed at a liquid-to-gas mass flow

ratio such that at least a portion of the alkane is captured by the ionic liquid solvent in addition to

the capture of at least a portion of the olefin.

12.  The method of claim 11, wherein the liquid-to-gas mass flow ratio is greater than about
15.
13. The method of claim 11, wherein at least a portion of the alkane is captured by

absorption, dissolution, adsorption, complexation, or combinations thereof.

14. The method of claim 11, further comprising:

recovering at least a portion of a captured alkane from the ionic liquid solvent.

15.  The method of claim 14, wherein recovering at least a portion of a captured alkane is
performed at a temperature greater than the temperature at which the alkane is captured and at a

pressure less than the pressure at which the alkane is captured.

16.  The method of claim 10, wherein said capturing is performed at a liquid-to-gas mass flow
ratio such that at least a portion of the alkane from the process stream is not captured by the ionic

liquid solvent.
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17.  The method of claim 16, wherein a liquid-to-gas mass flow ratio is less than about 200.

18.  The method of claim 16, further comprising:

flowing an uncaptured portion of the alkane to a membrane unit; and

recovering at least a portion of the uncaptured portion of the alkane from the membrane
unit.
19.  The method of claim 10, wherein the alkane comprises isobutane, wherein the olefin

comprises ethylene.

20.  The method of claim 1, wherein the olefin comprises ethylene.

21.  The method of claim 1, wherein the olefin is captured by the ionic liquid solvent at a

temperature from about 20 °C to about 40 °C.

22.  The method of claim 1, wherein the olefin is captured by the ionic liquid solvent at a

pressure from about 100 psia to about 250 psia.

23. The method of claim 1, wherein at least a portion of the olefin is captured by absorption,

adsorption, dissolution, complexation or combinations thercof.

24.  The method of claim 1, wherein recovering at least a portion of a captured olefin
comprises:
liberating at least a portion of the captured olefin from the ionic liquid solvent; and

recovering the liberated olefin.

25.  The method of claim 1, wherein recovering at least a portion of a captured olefin is
performed at a temperature greater than the temperature at which the olefin is captured and at a

pressure less than the pressure at which the olefin is captured.
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26. A method comprising:

providing a process stream comprising an acid gas;

capturing at least a portion of the acid gas from the process stream by an ionic liquid
solvent; and

recovering at least a portion of a captured acid gas from the ionic liquid solvent.

27. The method of claim 26, wherein the ionic liquid solvent comprises a cation and an anion;
wherein the cation comprises an ecthylmethylimidazolium cation, a butylmethylimidazolium
cation, a butylmethylpyridinium cation, or combinations thereof; wherein the anion comprises a
bis(trifluoromethanesulfonyl)amide anion, a hexafluorophosphate anion, a
trifluoromethanesulfonate anion, a dicyanamide anion, a tetrafluoroborate anion, a thiocyanate

anion, a nitrate anion, a sulfonate anion, a methylsulfate anion, or combinations thereof.

28. The method of claim 26, wherein the ionic liquid solvent comprises a Ag(I), a Cu(l) salt, or

combinations thereof.

29. The method of claim 28, wherein the Ag(l) salt comprises silver(I)
bis(trifluoromethanesulfonyl)amide, silver(I) trifluoromethanesulfonate, silver(I) nitrate, or

combinations thereof.

30.  The method of claim 28, wherein the Cu(I) salt comprises copper(l) chloride, copper(I)

bromide, cuprous trifluoroacetate, copper(I) nitrate, or combinations thereof.

31. The method of claim 28, wherein a concentration of silver, copper, or both, in the ionic

liquid solvent is from 0 N to about 2 N.

32.  The method of claim 26, wherein said capturing is performed at a liquid-to-gas mass flow

ratio from about 10 to about 100.
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33.  The method of claim 26, wherein said capturing is performed at a temperature from about
5 °C to about 50 °C.
34.  The method of claim 26, wherein the captured acid gas is recovered at a temperature from
about 60 °C to about 450 °C.
35.  The method of claim 26, wherein said capturing is performed at a pressure from about
100 psia to about 250 psia.
36.  The method of claim 26, wherein the captured acid gas is recovered at a pressure greater

than or equal to about 14.7 psia, wherein the pressure at which the captured acid gas is recovered

is about 20 psia less than the pressure at which the acid gas is captured.

37.  The method of claim 26, further comprising:
flowing the ionic liquid solvent at a flow rate which captures at least a portion of the acid

gas.

38.  The method of claim 26, wherein the acid gas comprises carbon dioxide, hydrogen

sulfide, or both.

39.  The method of claim 26, wherein the process stream further comprises raw natural gas,

syngas, or both.

40.  The method of claim 26, wherein the acid gas is captured by absorption, adsorption,

dissolution, complexation, or combinations thereof.

41. A system comprising:
a process stream comprising a gaseous component;
a separator comprising an ionic liquid solvent, wherein the separator receives the process

stream, wherein the ionic liquid solvent captures at least a portion of the gaseous component;
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a captured stream exiting the separator and comprising the captured gaseous component
captured in the ionic liquid solvent; and
a regenerator to receive the captured stream, wherein the regenerator regenerates the ionic

liquid solvent and emits at least a portion of a recovered gaseous component.

42.  The system of claim 41, wherein the gaseous component comprises ethylene or an acid

gas; wherein the recovered gaseous component comprises ethylene or an acid gas.

43.  The system of claim 41, wherein the process stream further comprises a second gaseous
component, wherein at least a portion of the second gasecous component is not captured in the
ionic liquid solvent, the system further comprising:

an uncaptured stream exiting the separator and comprising an uncaptured portion of the
second gaseous component; and

a membrane unit to receive the uncaptured stream and to recover at least a portion of the

uncaptured portion of the second gaseous components.

44,  The system of claim 43, wherein the gaseous component comprises cthylene, wherein the

second gaseous components comprises isobutane.

45.  The system of claim 41, wherein the process stream further comprises a second gaseous
component, wherein the ionic liquid solvent captures at least a portion of the second gaseous

component.

46. The system of claim 45, wherein at least a portion of the gasecous component is captured
by the ionic liquid solvent via absorption, dissolution, adsorption, complexation, or combinations
thereof; wherein at least a portion of the second gaseous component is captured by the ionic

liquid solvent via absorption, dissolution, adsorption, complexation, or combinations thereof.

47.  The system of claim 45, wherein the gaseous component comprises ethylene, wherein the

second gaseous component comprises isobutane.
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48.  The system of claim 45, wherein the gasecous component comprises carbon dioxide;

wherein the second gaseous component comprises hydrogen sulfide.

49.  The system of claim 45, wherein the regenerator emits at least a portion of a second

recovered gascous COl’IlpOIlGIlt.

50.  The system of claim 49, wherein the recovered gaseous component comprises ethylene or
an acid gas, wherein the second recovered gaseous component comprises isobutane or an acid

gas.

51.  The system of claim 41, wherein separator operates at a liquid-to-gas mass flow ratio

from about 1 to about 350.

52.  The system of claim 41, wherein the separator operates at a liquid-to-gas mass flow ratio

from about 10 to about 100.

53.  The system of claim 41, wherein the process stream further comprises a second gaseous
component; wherein the ionic liquid solvent flows through the separator at a liquid-to-gas mass
flow ratio such that at least a portion of the gaseous component and at least a portion of the

second gaseous component are captured by the ionic liquid solvent.

54. The system of claim 41, wherein the ionic liquid solvent comprises a cation and an anion;
wherein the cation comprises an ethylmethylimidazolium cation, a butylmethylimidazolium
cation, a butylmethylpyridinium cation, or combinations thereof; wherein the anion comprises a
bis(trifluoromethanesulfonyl)amide anion, a hexafluorophosphate anion, a
trifluoromethanesulfonate anion, a dicyanamide anion, a tetrafluoroborate anion, a thiocyanate

anion, a nitrate anion, a sulfonate anion, a methylsulfate anion, or combinations thereof.
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55.  The system of claim 41, wherein the ionic liquid solvent comprises a Ag(I) salt, a Cu(l)

salt, or combinations thereof.

56. The system of claim 55, wherein the Ag(l) salt comprises silver(I)
bis(trifluoromethanesulfonyl)amide, silver(I) trifluoromethanesulfonate, silver(I) nitrate, or

combinations thereof.

57.  The system of claim 55, wherein the Cu(l) salt comprises copper(I) chloride, copper(l)

bromide, cuprous trifluoroacetate, copper(I) nitrate, or combinations thereof.

58. The method of claim 55, wherein a concentration of silver, copper, or both, in the ionic

liquid solvent is from about 0.1 N to about 5 N.

59. The method of claim 58, wherein the concentration of silver, copper, or both, in the ionic

liquid is from about 0.45 N to about 1.8 N.

60.  The system of claim 41, wherein the process stream further comprises a second gaseous
component, wherein at least a portion of the second gasecous component is not captured in the
ionic liquid solvent, the system further comprising:

an uncaptured stream exiting the separator and comprising an uncaptured portion of the

second gascous cornponent.

61.  The system of claim 60, wherein the gaseous component comprises ethylene; wherein the
second gaseous component comprises isobutane, ethane, hydrogen, nitrogen, or combinations

thereof.

62.  The system of claim 60, wherein the gaseous component comprises an acid gas; wherein

the second gasecous component comprises natural gas.
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63.  The system of claim 60, wherein the gaseous component comprises carbon dioxide;

wherein the second gaseous component comprises syngas.

64.  The system of claim 41, wherein the separator operates at a temperature from about 20 °C
to about 40 °C.
65.  The system of claim 41, wherein the separator operates at a pressure from about 100 psia

to about 250 psia.

66.  The system of claim 41, wherein the separator operates at a temperature from about 5 °C
to about 50 °C.
67.  The system of claim 41, wherein the separator operates at a pressure from about 100 psia

to about 250 psia.

68.  The system of claim 41, wherein the regenerator operates at a temperature greater than a

temperature of the separator.

69.  The system of claim 41, wherein the regenerator operates at pressure less than a pressure

of the separator.

70.  The system of claim 41, wherein the regenerator operates at a temperature from about 60
°C to about 450 °C.
71.  The system of claim 41, wherein the regenerator operates at a pressure greater than or

equal to about 14.7 psia, wherein the pressure at which the regenerator operates is about 20 psia

less than a pressure at which the separator operates.
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-25, 47, 61(completely); 41-46, 49-60, 64-71(partially)

A method for capturing an olefin comprised in a process
stream comprising capturing said olefin by an ionic liquid
solvent and recovering it, and a system comprising an
apparatus for carrying out said method, and the different
process streams.

2. claims: 26-40, 48, 62, 63(completely); 41-46, 49-60,
64-71(partially)

A method for capturing an acid gas comprised in a process
stream comprising capturing said acid gas by an ionic Tliquid
solvent and recovering it, and a system comprising an
apparatus for carrying out said method, and the different
process streams.
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