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ABSTRACT OF THE DISCLOSURE

A process for deacidizing a gaseous mixture using phase enhanced gas-liquid
absorption is described. The process utilizes a multiphasic absorbent that absorbs an acid gas at

5 ncreased rate and leads to reduced overall energy costs for the deacidizing operation.



10

15

20

25

30

CA 02664971 2015-09-17

TITLE OF THE INVENTION

[0001] Methods and Systems For Deacidizing Gaseous Mixtures

FIELD OF THE INVENTION
[0004] The present invention relates to a process for deacidizing a gaseous mixture using phase
enhanced gas-liquid absorption. More particularly, the present invention relates to a process for

deacidizing a gaseous mixture using phase enhanced gas-liquid absorption, which increases the

absorption rate of an acid gas from the gaseous mixture and reduces the overall energy costs for

such deacidizing operation.

BACKGROUND OF THE INVENTION

[0005] Deacidization is required before a raw natural gas or any other gaseous mixture that
contains significant amounts of acid gas, such as hydrogen sulfide (H,S), carbon dioxide (CO,), or
similar contaminants, can be utilized. The deacidization process reduces the acid gas impurity in the
gaseous mixture to acceptable levels. This is commonly done with an amine gas treatment process.
Amine gas treatment processes are common in various types of industrial settings, such as refineres,

natural gas processing plants, and petrochemical plants. Amine gas treatment processes include the

processes utilizing aqueous solutions of amines to remove acid gas, such as H,S and CO, from

natural gases.
[0006] A common deacidization process is gas-liquid absorption. Such process typically

involves contacting a gaseous mixture containing an acid gas to be removed with an aqueous amine

(00083973:v1) 1
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solution, whereby the amine solution is an absorbent that absorbs the acid gas. In industrial settings,

the most commonly used amines are alkanolamines, such as monoethanolamine (MEA) and
diethanolamine (DEA). The use of the alkanolamine methyldiethanolamine (MDEA) for CO,

separation has recently become notable for use in industnal settings. Diisopropanolamine (DIPA) 1s
5  currently used in the Sulfinolprocess and in the SCOT process for Claus plant tail acid gas

purification.

[0007] In the typical gas-liquid absorption process, after the acid gas is absorbed into the

absorbent in an absorption unit, the gas-rich absorbent is sent to a regeneration unit, where the gas-

rich absorbent is treated and separated to regenerate the absorbed gas and the gas-lean absorbent.

10  The regenerated gas-lean absorbent is then recycled back into the absorption unit and the acid gas is
etither collected or discharged, depending on the purpose of the user. In this type of gas-liquid
absorption, the regeneration process accounts for greater than 80% of the total energy costs because
the entire volume of the absorbent effluent must be regenerated in order to be reused in the
absorption unit. In addition, the typical gas-liquid absorption process is limited to the use of an

15  absorbent in the form of one liquid phase.

BRIEF SUMMARY OF THE INVENTION
{0008] It is now discovered that a method for deacidizing a gaseous mixture involving phase
enhanced gas-liquid absorption increases the absorption rate of an acid gas from the gaseous mixture
and reduces the overall energy costs for such deacidizing operation.
20  10009] In one general aspect, embodiments of the present invention relate to a method for

deacidizing a gaseous mixture comprising an acid gas. The method comprises:

contacting the gaseous mixture with an absorbent in an absorption unit, wherein the
absorbent comprises a carrier phase and an organic phase that is immiscible with the carrier phase;

allowing the organic phase to absorb the acid gas and convert the acid gas into an

25  absorbed acid gas, so as to convert the absorbent into a gas-rich absorbent and to convert the

gaseous mixture into a purified gaseous mixture;

allowing the absorbed acid gas to be transferred into the carrier phase, so as to form a
first gas-lean phase and a gas-rich phase in the gas-rich absorbent;

providing the gas-rich absorbent to a separation unit, so as to separate the first gas-lean

30  phase from the gas-rich phase;

cycling the separated first gas-lean phase back into the absorption unit;

* trade-marks
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providing the separated gas-rich phase to a regeneration unit, so as to obtain the acid gas

and a second gas-lean phase; and

cycling the second gas-lean phase back into the absorption unit.

10010]  In an embodiment of the present invention, the gas-rich absorbent moves downward from

the absorption unit to the separation unit by gravity, and the separated gas-rich phase moves

downward from the separation unit to the regeneration unit by gravity.

(0011} In another general aspect, embodiments of the present invention relates to a system for

deacidizing a gaseous mixture comprising an acid gas. The system comprises:

an absorption unit adapted to allow contact between the gaseous mixture and an
absorbent comprising a carrier phase and an organic phase that is immiscible with the carrier phase,
wherein the organic phase absorbs the acid gas and converts the acid gas into an
absorbed acid gas, so as to convert the absorbent into a gas-rich absorbent and to convert the

gaseous mixture into a purified gaseous mixture; and

wherein the absorbed acid gas is transferred into the carrier phase, so as to form a

first gas-lean phase and a gas-rich phase in the gas-rich absorbent;

a separation unit adapted to allow separation of the gas-rich absorbent into a separated

first gas-lean phase and a separated gas-rich phase; and
a regeneration unit adapted to allow regeneration of the separated gas-rich phase, so as to

obtain the acid gas and a second gas-lean phase.

[0012] In an embodiment of the present invention, the absorption unit, the separation unit and
the regeneration unit are in a single tower, wherein the separation unit is placed in a position lower
than the absorption unit and the regeneration unit is placed in a position lower than the separation
unit, so that the gas-rich absorbent moves downward from the absorption unit to the separation unit

by gravity, and the separated gas-rich phase moves downward from the separation unit to the
regeneration unit by gravity.

10012A] In one embodiment of the present invention, the absorbent comprises a pair of the

organic phase and the carrier phase selected from the group consisting of

(1} a solution of monoethanolamine in at least one of an alcohol and a glycol, a glycol

ether, and onc or more reaction products of monoethanolamine and CO-;

(2) a solution of monocthanolaminc in at Icast onc of an alcohol, a glycol cther and a
glycol, and an aqueous solution of one or more reaction products of monoethanolamine and CO-:
(3) a solution of dicthanolamine n at least one of an alcohol, a glycol ether and a glycol,

and onc or more reaction products of dicthanolamine and CO-:

3
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(4) a solution of diethanolamine in at least one of an alcohol, a glycol ether and a glycol,

and an aqueous solution of one or more reaction products of diethanolamine and CO»;

(5) a solution of piperizine in at least one of an alcohol, a glycol ether and a glycol, and

one or more reaction products of piperizine and CO»;

(6) a solution of piperizine in at least one of an alcohol, a glycol ether and a glycol. and an

aqueous solution of one or more reaction products of piperizine and CO;

(7) a solution of dibutylamine in at least one of an alcohol, a glycol ether and a glycol, and

one or more reaction products of dibutylamine and COy;

(8) a solution of dibutylamine in at least one of an alcohol, a glycol ether and a glycol, and

an aqueous solution of one or more reaction products of dibutylamine and CO5;

(9) a solution of dibutylamine in at least one of an alcohol, a glycol ether and a glycol, and

an aqueous solution of potassium carbonate;

(10) a solution of diisopropylamine in at least one of an alcohol, a glycol ether and a

glycol, and one or more reaction products of diisopropylamine and CO»;

(11) a solution of diisopropylamine in at least one of an alcohol, a glycol ether and a
¢lycol, and an aqueous solution of one or more reaction products of diisopropylamine and CO»;

and

(12) a solution of diisopropylamine in at least one of an alcohol, a glycol ether and a

glycol, and an aqueous solution of potassium carbonate.

[0013] Other aspects, features and advantages of the invention will be apparent from the
following disclosure, including the detailed description of the invention and its preferred

embodiments and the appended claims.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0014] The foregoing summary, as well as the following detailed description of the invention, will

be better understood when read in conjunction with the appended drawings. For the purpose of

3A
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illustrating the invention, there are shown in the drawings embodiments which are presently
preferred. It should be understood, however, that the invention is not limited to the precise
arrangements and 1nstrumentalities shown.

{0015} In the drawings:
5 [0016] Fig. 1 is a flow diagram showing the steps of the deacidization process according to an

embodiment of the present invention; and
(0017} Fig. 2 1s a flow diagram showing the steps of the deacidization process according to

another embodiment of the present invention.

10 DETAILED DESCRIPTION OF THE INVENTION
[0018]) Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood to one of ordinary skill in the art to which this invention pertains.

Otherwise, certain terms used herein have the meanings as set in the specification. It must be noted

that as used herein and 1n the appended claims, the singular forms "a", "an", and "the" include

15
plural reference unless the context clearly dictates otherwise.

(0019] In one general aspect, the present invention relates to a process of deacidizing a gaseous

muxture using a phase enhanced gas-liquid absorption, while minimizing energy costs and
maximizing absorption rates.

20  [0020] The concept of phase enhanced gas-liquid absorption is initially described in U.S. Patent

Serial No. 6,969,418. It was found that by
adding an organic compound or mixture into a gas-liquid (frequently, an aqueous phase) absorption

system, the absorption rate of a particular gas can increase significantly. In phase enhanced gas-

liquid absorption, more than one phase is involved in absorbing a gas. One of the phases absorbs

25  the gas and transfers the absorbed gas to another phase, that serves as a carrier phase where the

absorbed gas is finally accumulated.
(0021} According to an embodiment of the present invention, an absorbent and a gaseous

muixture containing an acid gas to be removed are contacted in an absorption unit. The absorbent
comprises a carrier phase and an organic phase that 1s immiscible with the carrier phase. As used

30 herein, “an organic phase that is immiscible with the carrier phase” means that the organic phase
does not form a solution with the carrier phase at the proportion in the absorbent . In one

embodiment of the present invention, the organic phase and the carrier phase have one interface, i.e.,
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the boundary between the two phases, in the absorbent. In another embodiment of the present

invention, the organic phase and the carrier phase have muitiple interfaces, for example, existing as

an emulsion, in the absorbent .

[0022] The organic phase serves as a transfer medium that absorbs the acid gas from the gaseous
mixture, converts the acid gas into an absorbed acid gas. After the absorption process is complete,
the absorbent is converted into a gas-rich absorbent and the gaseous mixture is converted into a
purified gaseous mixture that contains none or reduced amount of the acid gas. The purified gaseous
mixture can be collected or disposed of depending on the purpose of the user.

[0023] The absorbed acid gas is then transferred to the carrier phase, where the absorbed acid
gas ultimately accumulates. After the transfer process is complete, a first gas-lean phase and a gas-

rich phase are formed in the gas-rich absorbent.

[0024] The first gas-lean phase comprises one or more components of the organic phase that do
not react with the acid gas. The first gas-lean phase can also contain one or more components of the
organic phase that react with the acid gas when the organic phase absorbs the acid gas, but are
replaced by one or more components of the carrier phase and thus released from the absorbed acid
gas when the absorbed acid gas is transferred to the carrier phase. The first gas-lean phase can
further contain one or more components of the carrier phase as a result of the transfer of the
absorbed acid gas into the carrier phase.

[0025] The gas-rich phase comprises one or more components of the carrier phase. The gas-rich
phase can also contain one or more components of the organic phase that react with the acid gas
when the organic phase absorbs the acid gas and are not released from the absorbed acid gas when
the absorbed acid gas is transferred to the carrier phase. The gas-rich phase can exist as a single

hquid phase. The gas-rich phase can also contain multiple phases.

[0026]  The gas-rich absorbent is provided to a separation unit to separate the first gas-lean phase

and the gas-rich phase. The phases can be separated in a separation unit using phase separation
methods known to those skilled in the art in view of the present disclosure. For example, the first

gas-lean phase and the gas-rich phase can be separated based on the density of the phases, e.g., by a

separating drum. The first gas-lean phase and the gas-rich phase can also be separated from each

other based on other properties of the phases, e.g., by a membrane that has different permeability to

the phases.
[0027] In one embodiment of the present invention, the gas-rich absorbent is provided to the

separation unit after the transfer of the absorbed acid gas into the carrier phase is complete, thus

after the complete formation of the first gas-lean phase and the gas-rich phase.
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[0028] In another embodiment of the present invention, the gas-rich absorbent 1s provided to the
separation unit before the transfer of the absorbed acid gas into the carrier phase i1s complete, thus

before the complete formation of the first gas-lean phase and the gas-rich phase.

[0029]  The formation of the first gas-lean phase and the gas-rich phase can proceed before,
sinultaneously, or after the gas-rich absorbent is provided to the separation unit.

[0030] The separated first gas-lean phase is cycled back into the absorption unit for reuse, while
the gas-rich phase is routed to a regeneration unit, where the gas-rich phase is treated to produce the
regenerated acid gas and a second gas-lean phase. The regenerated acid gas is collected or disposed
of depending on the purpose of the user. The gas-rich phase can be regenerated using regeneration
methods known to those skilled in the art in view of the present disclosure.

[0031] The second gas-lean phase comprises one or more regenerated components of the carrier
phase. The second gas-lean phase can also contain one or more regenerated components of the
organic phase, for example those react with the acid gas when the organic phase absorbs the acid gas
and are not released from the absorbed acid gas when the absorbed acid gas is transferred to the
carrier phase. The second gas-lean phase can be a single liquid phase. The second gas-lean phase
can also have multiple phases. The second gas-lean phase is cycled back into the absorption unit for
reuse.

{0032] In an embodiment of the present invention, the various phases are transferred from one
unit to another unit by a pump. In other embodiments of the present invention, the various phases
are transferred between at least some of the units by gravity.

[0033] In an embodiment of the present invention, the gas-rich absorbent moves downward from
the absorption unit to the separation unit by gravity.

[0034]  In another embodiment of the present invention, the separated gas-rich phase moves
downward from the separation unit to the regeneration unit by gravity:.

[0035] In st1ll another embodiment of the present invention, the gas-rich absorbent moves
downward from the absorption unit to the separation unit, and the separated gas-rich phase moves
downward from the separation unit to the regeneration unit, all by gravity.

[0036] In another general aspect, the present invention relates to a system for deacidizing a
gaseous mixture comprising an acid gas. The system comprises an absorption unit, a separation unit
and a regeneration unit as those described herein.

[0037] In an embodiment of the present invention, the separation unit is placed in a position
lower than the absorption unit, so that the gas-rich absorbent moves downward from the absorption

unit to the separation unit by gravity.
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[0038] In another embodiment of the present invention, the regeneration unit is placed in a
position lower than the separation unit, so that the separated gas-rich phase moves downward from
the separation unit to the regeneration unit by gravity.

10039] In still another embodiment of the present invention, the absorption unit, the separation
unit and the regeneration unit are placed in a single tower, wherein the separation unit is placed in a
position lower than the absorption unit and the regeneration unit is placed in a position lower than
the separation unit, so that the gas-rich absorbent moves downward from the absorption unit to the
separation unit by gravity, and the separated gas-rich phase moves downward from the separation
unit to the regeneration unit by gravity.

[0040] The deacidization process according to embodiments of the present invention can be used to
remove an impurity acid gas from a gaseous mixture, in which case the impurity acid gas can be

disposed of, with improved efficiency. Alternatively, the deacidization process according to

embodiments of the present invention can be used to collect an acid gas of interest from a gaseous

mixture, with improved efficiency.

[0041] In one aspect of the present invention, the utilization of the organic phase in an absorption
umt according to an embodiment of the present invention serves to increase the absorption rate of
the acid gas. The acid gas is absorbed into the organic phase at a rate greater than if it were directly
absorbed by the carrier phase. In another aspect of the present invention, the energy to be expended
for the regeneration process is reduced because only part of the absorbent, the gas-rich phase, needs
to be regenerated, while the separated first gas-lean phase can immediately be recycled for reuse in
the absorption unit. In yet another aspect of the present invention, the energy to be expended for the
deacidization process is further reduced by incorporating two or more of the units used in the process
In a single tower, so that the various phases can be transferred between some of the units by gravity,
instead of pumping. The use of multiple units in a single tower is enabled and becomes practical,

because of the relatively smaller size of the gas-rich phase that needs to be regenerated. In a
conventional liquid-gas separation process, the volume of the gas-rich absorbent that needs to be

regenerated 1s significantly larger than that of the gas-rich phase according to embodiments of the

present invention. Thus, in the conventional methods, a single tower containing the absorption unit

and the regeneration unit would be too tall to be practical.

[0042] Fig. 1 illustrates a particular embodiment of the present invention. Referring now to
FIG. 1, a gaseous mixture 1 containing an acid gas to be removed and an absorbent 3 are provided
into an absorption unit 10. The gaseous mixture 1 and the absorbent 3 contact with each other in

the absorption unit 10. The acid gas to be removed can be, for example, CO,, SO,, H,S, COS, C,S,
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mercaptans, fluorides, HCI, or a combination thereof. The purified gaseous mixture 2, with the acid
gas being removed, 1s released from the absorption unit 10 and can be collected or disposed of,
depending on the user’s purpose.

[0043]  The absorption unit 10 according to embodiments of the present invention can be, for
example, an absorption column or a membrane contractor, or any other absorption units that are
known to those skilled in the art. The absorbent comprises a carrier phase and an organic phase that
1s immiscible with the carrier phase. It is readily appreciated by those skilled in the art that the
absorbent can comprise two or more phases. For example, the absorbent can be biphasic containing
the organic phase and an immiscible aqueous solution as the carrier phase. The absorbent can also
be multiphasic containing the organic phase, and an immiscible aqueous solution and a solid phase
as the carrier phase, wherein the solid phase is formed when the acid gas is absorbed in the organic
phase and/or when the absorbed acid gas is transferred to the aqueous solution.

[0044] The carrier phase can be, for example, an aqueous phase or a hydrophilic phase. The
carrier phase can comprise one or more aqueous solutions of a salt, including, but not limited to,
alkaline salt solutions, ammonium salt solutions, alkanolamine salt solutions, alkaline-earth salt
solutions. The carrier phase can also simply be water. The carrier phase can also comprise one or
more salts in solid phase, including, but not limited to, alkaline salts, ammonium salts, alkanolamine
salts, and alkaline-earth salts.

[0045]  The organic phase can comprise one or more components, including, but not limited to,
alkanes, unsaturated hydrocarbons, alcohols, glycols, ethers, aldehydes, ketones, carbohydrates,
amines, and alkanolamines, amino acids. In a preferred embodiment, the alcohol comprises a Cg to
Ci2 alcohol. In an embodiment of the present invention, the organic phase comprises an amine
solution, including, but not limited to an alcohol, glycol or glycol ether solution of
monoethanolamine, diethanolamine, piperizine, dibutylamine, or ditssopropylamine. The
concentration of the amine in the solution is about 0.1 % to 99.99 % (by volume).

[0046] In an embodiment of the present application, the ratio of the carrier phase to the organic
phase in the absorbent is 10000:1 to 1:10000. Exemplary ratio of the carrier phase to the organic
phase includes, but i1s not limited to, 10000:1, 1000:1, 100:1, 10:1, 5:1, 1:1, 1:2, 1:4, 1:10, 1:50,
1:100, 1:1000 or 1:10000.

[0047]  The organic phase serves as a transfer medium that absorbs the acid gas and then
transfers the absorbed acid gas to the carrier phase. According to embodiments of the present

invention, when the acid gas contacts with the organic phase, the acid gas can be absorbed by the

organic phase physically, chemically, or both physically and chemically, through the interface
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between the gaseous mixture and the organic phase. Physical absorption occurs when the acid gas 1s
soluble in the organic phase, but is not susceptible to reacting chemically with any component 1n the
organic phase. During physical absorption, the acid gas dissolves physically in the orgamc phase
without being chemically modified by reacting chemically with any component therein. The amount
of acid gas absorbed physically by the organic phase is determined by the vapor-liquid equilibrium
of the mixture. Chemical absorption occurs when the absorbed acid gas is chemically modified by
reacting chemically with one or more active components in the organic phase to form one or more
reaction products. The amount of acid gas absorbed chemically by the organic phase is determined
by the reaction between the acid gas and the one or more active components in the organic phase.
10048] Utilization of an organic phase in the absorption unit 10 increases the absorption rate of
the process, because the acid gas is absorbed into the absorbent at a rate greater than if it were
directly absorbed by the carrier phase. Depending on whether the organic phase absorbs the acid
gas physically or chemically, the absorbed acid gas can be chemically unmodified or modified,
respectively.

[0049] The absorbed gas 1s then transferred into the carrier phase through the interface between
the organic phase and the carrier phase, with or without further chemical modification.

[0050] In one embodiment of the present invention, the absorbed acid gas is transferred into the
carrier phase by physical absorption, but is not susceptible to reacting chemically with any
component in the carrier phase. The absorbed acid gas dissolves physically in the carrier phase
without being chemically modified by reacting chemically with any component of the carrier phase.
In another embodiment of the present invention, the absorbed acid gas is transferred to the carrier
phase by reacting chemically with one or more active components in the carrier phase to form one or
more reaction products. In still another embodiment of the present invention, the absorbed acid gas
is transferred to the carrier phase both physically and chemically, through the interface between the
organic phase and the carrier phase. The absorbed acid gas accumulates in the carrier phase until the

carrier phase is saturated or the user terminates the absorption process.
[0051] Referring to Fig. 1, after the absorption process is complete in the absorption unit 10, the

gas-rich absorbent 5 is sent to a separation unit 20 so that the phases can be separated from each
other. In FIG. 1, there is shown a gravity settler tank 20 for separating the first gas-lean phase 4
from the gas-rich phase 6. The separating step of the present invention can also be accomplished
utilizing one or more other types of phase settlers or phase separation units known in the art as

suited for separation of bulk liquid phases. Some examples include simple settlers, filtration,

centrifugation, membrane, ¢etc.
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[0052] The separated first gas-lean phase 4 comprises most or all components of the organic
phase and little or none of the absorbed acid gas. The separated first gas-lean phase 4 1s cycled back
into the absorption unit 10 for reuse, with or without further treatment.

[0053]  The separated gas-rich phase 6 contains most or all components of the carrier phase and
the absorbed acid gas. The separated gas-rich phase 6 can also contain one or more components of
the organic phase. The separated gas-rich phase 6 is subject to regeneration.

[0054] Reterring to Fig. 1, the separated gas-rich phase 6 is routed to a regeneration unit 30,
where the gas-rich phase 6 is treated to separate the absorbed acid gas 12 from the rest of the gas-
rich phase, which is regenerated as part of the second gas-lean phase 14. The absorbed acid gas 12
is further treated to separate the acid gas 18 from the rest 16, which contains one or more
components of the organic phase and the carrier phase that react with the acid gas during the
absorption of the acid gas and/or the transfer of the absorbed acid gas. The separated acid gas 18
can be disposed of or collected, depending on the user’s purpose. The rest 16 is regenerated as part
of the second gas-lean phase 14. The second gas-lean phase 14, which comprises most or all
components of the carrier phase, is cycled back into the absorption unit 10 for reuse, with or without
further treatment.

[0055] The regeneration process according to embodiments of the present invention can be
accomplished by, for example, thermal decomposition, gas or steam stripping, distillation, treatment
throu gh a membrane contactor, pervaporization, and pressure differential treatment.

[0056] As shown 1n Fig. 1, the first gas-lean phase 4 from the separation unit 20 and the second
gas-lean phase 14 from the regeneration unit 30 are mixed together in a mixer 40. The resulting
absorbent 3 is then cycled back into the absorption unit 10 for reuse. According to other
embodiments of the present invention, the first gas-lean phase 4 and the second gas-lean phase 14
can each be cycled back into the absorption unit 10 for reuse without being first mixed together.

[0057} Although not shown in Fig. 1, in view of the present disclosure, it is readily appreciated

by those skilled in the art that, in addition to the cycled back components of the absorbent 3,

additional one or more components of the absorbent 3 can be added to compensate for the loss of the

one or more components during the deacidizing process.

[0058] In one embodiment of the present invention, the acid gas to be removed is CO,. The

organic phase comprises, for example, one or more components selected from the group consisting
of monoethanolamine, diethanolamine, piperzine, dibutylamine, and diisopropylamine. In a
preferred embodiment of the present invention, the organic phase comprises a Cg to C;, alcohol

solution of the one or more components described herein. The carrier phase comprises, for example,

10
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one or more components selected from the group consisting of monoethanolamine salt,
diethanolamine salt, piperizine salt, dibutylamine salt, diisopropylamine salt, potassium bicarbonate,

potassium carbonate, and water. In an embodiment of the present invention, the carrier phase
comprises an aqueous solution of the salt described herein. In another embodiment of the present
Invention, the carrier phase comprises the salts described herein in solid phase.

[0059]  Fig. 2 illustrates another particular embodiment of the present invention. In this process,
the absorption unit 10, separation unit 20 and regeneration unit 30 are grouped inside a single tower
100. The gas-rich absorbent from the absorption unit 10 flows downward into the separation unit 20
by gravity, so as to separate the gas-rich phase and the first gas-lean phase 4. After separation, the
gas-rich phase flows downward into the regeneration unit 30, by gravity, where the regenerated acid
gas 18 and the second gas-lean phase 14 are obtained. The first gas-lean phase 4 and the second
gas-lean phase 14 further flow downward into the mixer 40, and are mixed in the mixer 40 to obtain
the absorbent 3. The absorbent 3 is pumped back into the absorption unit 10, where it forms contact
with the gaseous mixture 1, to start another cycle.

[0060] According to other embodiments of the present invention, the first gas-lean phase 4 and
the second gas-lean phase 14 can each be pumped back into the absorption unit 10 for reuse without
being first mixed together.

[0061] Again, in addition to the cycled back components of the absorbent 3, additional one or
more components of the absorbent 3 can be added to compensate for the loss of the one or more
components during the deacidizing process.

[0062] In this embodiment, no pumping energy is required for liquid transfer from the
absorption unit 10 to the regeneration unit 30, thus achieves further energy saving.

[0063]  The following examples illustrate the invention but are in no way intended to limit the
scope of the present invention.

Example 1

[0064] An absorbent comprising two phases, an organic phase and a carrier phase, and a gaseous
mixture containing carbon dioxide were supplied into a stirring cell absorption unit at about 25-45

°C, 1 atm. The organic phase comprised 20% by volume of monoethanolamine and 80% by volume
of decyl alcohol. The carrier phase comprised the reaction product of monoethanolamine and
carbon dioxide.

[0065] When the organic phase contacted the gaseous mixture, carbon dioxide gas was
chemically absorbed into the organic phase by reacting with monoethanolamine in the organic

phase. The absorbed carbon dioxide existed as a reaction product formed between the absorbed
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carbon dioxide and monoethanolamine. The reaction product was then transferred through the
interface between the organic phase and carrier phase into the carrier phase and accumulated there.

[0066] After absorption of the carbon dioxide gas, the absorbent was settled and separated by
gravity 1nto a first gas-lean phase and a gas-rich phase. The first gas-lean phase, comprising the
unreacted monoethanolamine and decyl alcohol, was cycled back into the absorption unit for reuse.
[0067]  The gas-rich phase, comprising the reaction product of monoethanolamine and carbon
dioxide was sent to a regeneration unit. The regeneration process was conducted by thermal
decomposition. The regeneration process resulted in the separation of carbon dioxide a second gas-
lean phase, which comprises the separated monoethanolamine and any reaction product that was not
separated during the regeneration process.

[0068]  The carbon dioxide released from the regeneration process was collected. The second

gas-lean phase was cycled back into the absorption unit for reuse.

Example 2
{0069] An absorbent comprising two liquid phases, an organic phase and a catrier phase, and a

gaseous mixture containing carbon dioxide were supplied into a stirring cell absorption unit at about
25-45 °C, 1 atm. The organic phase comprised 20% by volume of dibutylamine and 80% by volume
of 1sooctanol. The carrier phase comprised an aqueous solution of 150 g/l of potassium carbonate.
10070] When the organic phase contacted the gaseous mixture, carbon dioxide gas was
chemically absorbed into the organic phase by reacting with dibutylamine in the organic phase. The
absorbed carbon dioxide existed as a reaction product formed between the absorbed carbon dioxide
and dibutylamine. The reaction product was then transferred through the interface between the
organic phase and carrier phase into the carrier phase by further reacting with potassium carbonate
in the carrier phase to form potassium bicarbonate. Thus, the absorbed carbon dioxide ultimately
existed as potassium bicarbonate in the carrier phase.

[0071]  After absorption of the carbon dioxide gas, the absorbent was settled and separated by
gravity into a first gas-lean phase and a gas-rich phase. The first gas-lean phase, comprising the
dibutylamine unreacted with carbon dioxide, dibutylamine released from the reaction product of the
absorbed carbon dioxide and dibutylamine after the reaction product reacts with potassium

carbonate, 1sooctanol, and maybe one or more additional components, is cycled back into the
absorption unit for reuse.

[0072]  The gas-rich aqueous phase, comprising potassium bicarbonate and the unreacted
potassium carbonate, is sent to a regeneration unit. The regeneration process is conducted by

thermal decomposition or gas stripping. The regeneration process separates carbon dioxide and
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potassium carbonate from potassium bicarbonate, resulting in a second gas-lean phase, which
comprises an aqueous solution of potassium carbonate.
[0073]  The carbon dioxide released from the regeneration process is collected. The second gas-
lean phase is cycled back into the absorption unit for reuse.

Exampie 3
[0074]  An absorbent comprising two liquid phases, an organic phase and a carrier phase, and a
gaseous mixture containing carbon dioxide were supplied into a stirring cell absorption unit at about
25 to 45 °C, 1 atm. The organic phase comprised 20% by volume of dibutylamine and 80% by
volume of 1sooctanol. The carrier phase was a water solution.
[0075]  When the organic phase contacted the gaseous mixture, carbon dioxide gas was
chemically absorbed into the organic phase by reacting with dibutylamine in the organic phase. The
absorbed carbon dioxide existed as a reaction product formed between the absorbed carbon dioxide
and dibutylamine. The reaction product was then transferred through the interface between the
organic phase and carrier phase into the carrier phase and accumulated there.
[0076] After absorption of the carbon dioxide gas, the absorbent was settled and separated by
gravity into a first gas-lean phase and a gas-rich phase. The first gas-lean phase, comprising the
unreacted dibutylamine, isooctanol, and maybe one or more additional components, is cycled back
into the absorption unit for reuse.
[0077] The gas-rich aqueous phase, comprising the reaction product formed between the
absorbed carbon dioxide and dibutylamine, is sent to a regeneration unit. The regeneration process
1s conducted by thermal decomposition or gas stripping.
[0078]  The regeneration process separates carbon dioxide and dibutylamine from the reaction
product, resulting in a second gas-lean phase, which comprises the separated dibutylamine.
[0079] ‘The carbon dioxide released from the regeneration process is collected. The second gas-

lean phase is cycled back into the absorption unit for reuse.

[0080] It will be appreciated by those skilled in the art that changes could be made to the

embodiments described above without departing from the broad inventive concept thereof, The

scope of the claims should not be limited by the preferred embodiments and the examples, but should be

given the broadest interpretation consistent with the description as a whole.
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CLAIMS
I/we claim:
1. A method for deacidizing a gaseous mixture comprising an acid gas, the process
comprising:

contacting the gaseous mixture with an absorbent in an absorption unit, wherein the
absorbent comprises a carrier phase and an organic phase that is immiscible with the carrier phase;

allowing the organic phase to absorb the acid gas and convert the acid gas into an
absorbed acid gas, so as to convert the absorbent into a gas-rich absorbent and to convert the
gaseous mixture into a purified gaseous mixture;

allowing the absorbed acid gas to be transferred into the carrier phase, so as to form a

first gas-lean phase and a gas-rich phase in the gas-rich absorbent;

providing the gas-rich absorbent to a separation unit, so as to separate the first gas-lean
phase from the gas-rich phase;

cyching the separated first gas-lean phase back into the absorption unit;

providing the separated gas-rich phase to a regeneration unit, so as to obtain the acid gas
and a second gas-lean phase; and

cycling the second gas-lean phase back into the absorption unit.

2. The method of claim 1, wherein the organic phase comprises a component selected from
the group consisting of an alkane, an unsaturated hydrocarbon, an alcohol, a glycol, an ether, an

aldehyde, a ketone, a carbohydrate, an amine, an alkanolamine, and an amino acid.

3. The method of claim 2, wherein the alcohol comprises a Cg to C,; alcohol.

4, The method of claim 1, wherein the carrier phase is hydrophilic.

5. The method of claim 1, wherein the carrier phase comprises an aqueous phase.

0. The method of claim 1, wherein the carrier phase comprises a component selected from

the group consisting of an amine salt, an ammonium salt, an alkanolamine salt, an alkaline salt, an

alkaline-earth salt, an amino acid salt, and water.
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7. The method of claim 1, wherein the volume ratio of the carrier phase to the organic phase

1s about 10000:1 to about 1:10000.

8. The method of claim 7, wherein the volume ratio 1s about 50:1 to about 1:50.

9. The method of claim 1, wherein the gas-rich phase is regenerated by a process selected
from the group consisting of thermal decomposition, gas stripping, steam stripping, distillation,
treatment through a membrane contractor, pervaporization, pressure differential treatment, and a

combination thereof.

10. The method of claim 1, wherein the acid gas is selected from the group consisting of
CO,, SO,, H,S, COS, C,S, mercaptans, fluorides, and HCI.

11. The method of claim 10, wherein the acid gas 1s COs.

12. The method of claim 11, wherein the organic phase comprises a component selected
from the group consisting of monoethanolamine, diethanolamine, piperizine, dibutylamine, and
diisopropylamine, wherein the component is dissolved in at least one of a glycol, a glycol ether and
a Cg — Cy2 alcohol.

13. The method of claim 11, wherein the carrier phase comprises a component selected from
the group consisting of a monoethanolamine salt, a diethanolamine salt, a piperizine salt, a

dibutylamine salt, a diisopropylamine salt, a potassium bicarbonate, and a potassium carbonate.

14. The method of claim 11, wherein the absorbent comprises a pair of the organic phase and

the carrier phase selected from the group consisting of:

(1) a solution of monoethanolamine in at least one of an alcohol and a glycol, a glycol ether,

and one or more reaction products of monoethanolamine and CO»:

(2) a solution of monoethanolamine in at least one of an alcohol, a glycol ether and a glycol,

and an aqueous solution of one or more reaction products of monoethanolamine and CO;;
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(3) a solution of diethanolamine in at least one of an alcohol, a glycol ether and a glycol, and

one or more reaction products of diethanolamine and CO-:

(4) a solution of diethanolamine in at least one of an alcohol, a glycol ether and a glycol, and

an aqueous solution of one or more reaction products of diethanolamine and CO, ;

(5) a solution of piperizine in at least one of an alcohol, a glycol ether and a glycol, and one

or more reaction products of piperizine and CO»:

(6) a solution of piperizine in at least one of an alcohol, a glycol ether and a glycol, and an

aqueous solution of one or more reaction products of piperizine and CO>;

(7) a solution of dibutylamine in at least one of an alcohol, a glycol ether and a glycol, and

one or more reaction products of dibutylamine and CO;;

(8) a solution of dibutylamine in at least one of an alcohol, a glycol ether and a glycol, and

an aqueous solution of one or more reaction products of dibutylamine and CO,;

(9) a solution ot dibutylamine in at least one of an alcohol, a glycol ether and a glycol, and

an aqueous solution of potassium carbonate;

(10) a solution of diisopropylamine in at least one of an alcohol, a glycol ether and a glycol,

and one or more reaction products of diisopropylamine and CO»:

(11) a solution of diisopropylamine in at least one of an alcohol, a glycol ether and a glycol,

and an aqueous solution of one or more reaction products of diisopropylamine and CO,: and

(12) a solution of diisopropylamine in at least one of an alcohol, a glycol ether and a glycol,

and an aqueous solution of potassium carbonate.

15. The method of claim 1, wherein the organic phase absorbs the acid gas physically.
16. The method of claim 1, wherein the organic phase absorbs the acid gas chemically.
17. The method of claim 1, wherein the first gas-lean phase and the second gas-lean phase

are mixed together before they are cycled back into the absorption unit.
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18. The method of claim 1, wherein the gas-rich absorbent is provided to the separation unit
before, after, or simultaneously with the transfer of the absorbed acid gas into the carrier phase, thus

the formation of the first gas-lean phase and the gas-rich phase.

19. The method of claim 1, wherein the gas-rich absorbent moves downward from the

absorption unit to the separation unit by gravity. '

20. The method of claim 1, wherein the separated gas-rich phase moves downward from the

separation unit to the regeneration unit by gravity.

21. The method of claim 1, wherein the gas-rich absorbent moves downward from the
absorption unit to the separation unit by gravity, and the separated gas-rich phase moves downward

from the separation unit to the regeneration unit by gravity.

22. A system for deacidizing a gaseous mixture comprising an acid gas, comprising:
an absorption unit adapted to allow contact between the gaseous mixture and an
absorbent comprising a carrier phase and an organic phase that is immiscible with the carrier phase,
wherein the organic phase absorbs the acid gas and converts the acid gas into an
absorbed acid gas, so as to convert the absorbent into a gas-rich absorbent and to convert the
gaseous mixture into a purified gaseous mixture; and
wherein the absorbed acid gas is transferred into the carrier phase, so as to form a
first gas-lean phase and a gas-rich phase in the gas-rich absorberit;
a separation unit adapted to allow separation of the gas-rich absorbent into a separated
first gas-lean phase and a separated gas-rich phase; and
a regeneration unit adapted to allow regeneration of the separated gas-rich phase, so as to

obtain the acid gas and a second gas-lean phase.

23. The system of claim 22, wherein the separation unit is placed in a position lower than the
absorption unit, so that the gas-rich absorbent moves downward from the absorption unit to the

separation unit by gravity.
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24, The system of claim 22, wherein the regeneration unit is placed in a position lower than
the separation unit, so that the separated gas-rich phase moves downward from the separation unit to

the regeneration unit by gravity.

25. The system of claim 22, wherein the absorption unit, the separation unit and the
regeneration unit are placed in a single tower, wherein the separation unit is placed in a position
lower than the absorption unit and the regeneration unit is placed in a position lower than the
separation unit, so that the gas-rich absorbent moves downward from the absorption unit to the
separation unit by gravity, and the separated gas-rich phase moves downward from the separation

unit to the regeneration unit by gravity.
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