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FIG. 1

from a solution to regenerate the solution within the system. The process
includes providing a solution (165) from a wash vessel (160) to a stripping
column (181), the solution (165) including contaminants removed from a
flue gas stream (150) present in the wash vessel (160) and contacting the
solution with steam (185) inside the stripping column (181) thereby re-
moving the contaminants from the solution and regenerating the solution.
The stripping column (181) 1s operated at a pressure less than about 700
kilopascal.
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METHOD AND SYSTEM FOR REGENERATING
A SOLUTION USED IN A WASH VESSEL
[0001]
FIELD

[0002]  The disclosed subject matter relates to a system and method for removing carbon
dioxide (CO;) and ammonia (NH;) from a flue gas stream. More specifically, the disclosed
subject matter relates to a system and method employing a stripping column for regenerating

a solution utilized in removing ammonia from the flue gas stream.

BACKGROUND

[0003] Most of the energy used in the world is derived from the combustion of carbon and
hydrogen-containing fuels such as coal, oil and natural gas. In addition to carbon and
hydrogen, these fuels contain oxygen, moisture and contaminants such as ash, sulfur (often in
the form of sulfur oxides, referred to as “SOx™), nitrogen compounds (often in the form of
nitrogen oxides, referred to as “NOx”), chlorine, mercury, and other trace elements.
Awareness regarding the damaging effects of the contaminants released during combustion
triggers the enforcement of ever more stringent limits on emissions from power plants,
refineries aﬁd other industrial processes. There is an increased pressure on operators of such
plants to achieve near zero emission of contaminants.

[0004] Numerous processes and systems have been developed in response to the desire to

achieve near zero emission of contaminants., Systems and processes include, but are not
limited to desulfurization systems (known as wet flue gas desulfurization “WFGD” and dry
flue gas desulfurization “DFGD”), particulate filters (including, for example, bag houses,
particulate collectors, and the like), as well as the use of one or more sorbents that absorb

contaminants from the flue gas. Examples of sorbents include, but are not limited to,

activated carbon, ammonia, limestone, and the like.

-1 -
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[0005] It has been shown that ammonia efficiently removes CO;, as well as other
contaminants, such as sulfur dioxide (S0O,) and hydrogen chloride (HCIl), from a flue gas
stream. In one particular application, absorption and removal of CO; from a flue gas stream
with ammonia is conducted at a low temperature, for example, between 0 and 20 degrees
Celsius (0°-20°C). To safeguard the efficiency of the system, and to comply with emission
standards, maintenance of the ammonia within the flue gas stream treatment system 1is

desired.

SUMMARY

[0006] According to aspects illustrated herein, there is provided a process for removing
contaminants from a solution to regenerate the solution, the process comprising: providing a
solution from a wash vessel to a stripping column, the solution including contaminants
removed from a flue gas stream present in the wash vessel; and contacting the solution
with steam inside the stripping column, thereby removing the contaminants from the solution
and regenerating the solution, wherein the stripping column is operated at a pressure less than
700 kilopascal.

[0007] According to other aspects illustrated herein, there is provided a process for
removing ammonia from an ammonia-removing solution, the process comprising: contacting
an ammonia-removing solution with an ammonia-containing flue gas stream, thereby forming
an ammonia-containing solution; providing the ammonia-containing solution to a stripping
column; and contacting the ammonia-containing solution with steam in the stripping column,
thereby removing ammonia from the a.mmbnia-containing solution, wherein the stripping
‘column is operated at a pressure less than 700 kilopascal.

[0008] According to other aspects illustrated herein, there is provided a system for
removing ammonia from a solution, the system comprising: a wash vessel configured to
receive an ammonia-containing flue gas stream and an ammonia-removing solution, the
ammonia-containing flue gas stream contacted with an ammonia-removing solution in the
wash vessel to form an ammonia-containing solution and a reduced-ammonta containing flue
gas stream; and a stripping column configured to receive the ammonia-containing solution
from the wash vessel, the ammonia-containing solution contacting steam in the stripping
column to remove ammonia from the ammbnia-containing solution, wherein the stripping

column is operated at a pressure less than 700 kilopascal.
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According to one aspect of the present invention, there Is provided a
process for removing contaminants from a solution to regenerate the solution, the
process comprising: providing a solution from a wash vessel to a stripping column,
the solution including contaminants comprising ammonia removed from a flue gas
stream present in the wash vessel; contacting the solution with steam inside the
stripping column, thereby removing the contaminants from the solution and
regenerating the solution, wherein the stripping column is operated at a pressure
less than 700 kilopascal; providing the ammonia to an absorbing system; providing a
carbon dioxide-containing flue gas stream to the absorbing system; and removing
carbon dioxide (CO,) from the CO,-containing flue gas stream by contacting the

CO,-containing flue gas stream with the ammonia in the absorbing system.

According to another aspect of the present invention, there is provided
a process for removing ammonia from an ammonia-removing solution, the process
comprising: contacting an ammonia-removing solution with an ammonia-containing
flue gas stream, thereby forming an ammonia-containing solution; providing the
ammonia-containing solution to a stripping column; contacting the ammonia-
containing solution with steam in the stripping column, thereby removing ammonia
from the ammonia-containing solution, wherein the stripping column is operated at a
pressure less than 700 kilopascal; providing the ammonia to an absorbing system;
providing a carbon dioxide-containing flue gas stream to the absorbing system; and
removing carbon dioxide (CO;) from the CO,-containing flue gas stream by

contacting the CO,-containing flue gas stream with the ammonia in the absorbing

system.

According to yet another aspect of the present invention, there is
provided a system for removing ammonia from a solution, the system comprising: a

wash vessel configured to receive an ammonia-containing flue gas stream and an

ammonia-removing solution, the ammonia-containing flue gas stream contacted with

-2 -
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an ammonia-removing solution in the wash vessel to form an ammonia-containing
solution and a reduced-ammonia containing flue gas stream; a stripping column
configured to receive the ammonia-containing solution from the wash vessel, the
ammonia-containing solution contacting steam in the stripping column to remove
ammonia from the ammonia-containing solution, wherein the stripping column is
operated at a pressure less than 700 kilopascal; and an absorbing system configured
to receive the ammonia from the stripping column, wherein the absorbing system

utilizes the ammonia to remove carbon dioxide (CO,) from a flue gas stream.

[0009] The above described and other features are exemplified by the

following figures and detailed description.

_2b -
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BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Referring now to the figures, which are exemplary embodiments, and wherein the
like elements are numbered alike:

[0011] FIG. 1 is a schematic representation of a system used to reduce an amount ot CO;
and ammonia present in a flue gas stream.

[0012] FIG. 2 is an illustration of one embodiment of an absorbing system utilized in the
system depicted 1in FIG. 1.

[0013] FIG. 3 is an illustration of one embodiment of a wash vessel utilized in the system

depicted 1in FIG. 1.

DETAILED DESCRIPTION

[0014] In one embodiment, as shown in FIG. 1, a system 100 for removing contaminants,
such as ammonia, carbon dioxide (CO,), and combinations thereof, from a solution includes
several devices and processes. The devices and processes employed in system 100 facilitate
the removal of a variety of contaminants from a flue gas stream 120, which is generated by
combustion of a fuel in a power plant 122.

[0015]  Flue gas stream 120 is generated by combustion of a fuel in the power plant 122.
Flue gas stream 120 may include numerous contaminants, including, but not limited to sulfur
oxides (SOx), nitrogen oxides (NOx), as well as mercury, hydrochloride (HCI), particulate
matter such as fly ash, CO,, and the like. While not shown in FIG. 1, tlue gas stream 120
may undergo treatment to remove contaminants therefrom, such as, for example, treatment by
a flue gas desulfurization process and particulate collector, which may remove SOx and
particulates from the flue gas.

[0016]  Still referring to FIG. 1, flue gas stream 120 may also undergo treatment to remove
CO, therefrom by passing the flue gas stream 120 through an absorbing system 130. While
not shown in FIG. 1, it is contemplated that flue gas stream 120 may proceed through a
cooling system prior to entering the absorbing system 130. The cooling system may cool the
flue gas stream 120 to a temperature below ambient temperature.

[0017] Now referring to FIG. 2, wherein the absorbing system 130 1s illustrated in more
detail, the absorbing system facilitates the absorption of CO, from the flue gas stream 120 by
contacting the flue gas stream with an ammoniated solution or slurry 140. In one
embodiment, the ammoniated solution or slurry 140 may include dissolved ammonia and

CO, species in a water solution. In another embodiment, the ammoniated solution or slurry
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140 may include precipitated solids of ammonium bicarbonate in addition to the dissolved
ammonia, CO, species, and water.

[0018] In one embodiment, absorbing system 130 includes a first absorber 132 and a
second absorber 134. However, it is contemplated that absorbing system 130 may include
more or less absorbers as illustrated in FIG. 2.

[0019] As shown in more detail in FIG. 2, ammoniated slurry or solution 140 1s
introduced to absorbing system 130, e.g., in first absorber 132 or second absorber 134, in a
direction A that is countercurrent to a flow of flue gas stream 120 in direction B in the
absorbing system 130. As the ammoniated slurry or solution 140 contacts flue gas stream
120, CO, present in the flue gas stream is absorbed and removed therefrom, thereby forming
a CO,-rich stream 142 and an ammonia-containing flue gas stream 150 exiting the absorbing
system 130. At least a portion of the resulting CO,-rich stream 142 is transported from the
absorbing system 130 to a regeneration tower 136 (FIG. 1), where the CO,-rich stream 142
may be regenerated to form the ammoniated slurry or solution 140 that is introduced to the
absorbing system 130.

[0020] As noted above, the ammoniated slurry or solution 140 may be provided to the
absorbing system 130 by recycling the used ammoniated slurry or solution from the bottom
of the absorbing system, e.g., the CO,-rich stream 142. In another embodiment, and as
discussed in more detail below, the ammoniated slurry or solution 140 may be provided to the
absorbing system 130 by utilizing ammonia removed from an ammonia-containing tlue gas
stream within the system 100.

[0021]  Still referring to FIG. 2, in one embodiment, the absorbing system 130 operates at
a low temperature, particularly at a temperature less than about twenty degrees Celsius
(20°C). In another embodiment, the absorbing system 130 operates at a temperature range ot
between about zero degrees Celsius to about twenty degrees Celsius (0° to 20°C). In a further
embodiment, the absorbing system 130 operates at a temperature range between about zero
degrees Celsius to about ten degrees Celsius (0° to 10°C). However, the system is not limited
in this regard, since it is contemplated that the absorbing system 130 may be operated at any
temperature desired or required by the user and/or application in which it is employed.

[0022] As shown in FIG.1, the ammonia-containing flue gas stream 150 leaving the
absorbing system 130 is introduced to a wash vessel 160. The system 100 1s not limited 1n
this regard since it is contemplated that wash vessel 160 may be used in conjunction with
other systems and methods that generate a flue gas stream containing ammonia, 1.¢., the wash

vessel may be used in a system that does not contain absorbing system 130.
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[0023] In one embodiment, wash vessel 160 reduces an amount of ammonia and other
contaminants present in the ammonia-containing flue gas stream 150 and forms a reduced
ammonia-containing flue gas stream 170. The reduced ammonia-containing flue gas stream
170 may be released to the environment. While the reduced ammonia-containing flue gas
stream 170 may be directly released to the environment from wash vessel 160, it 1s
contemplated that the reduced ammonia-containing flue gas stream 170 may be further
processed prior to being emitted to the environment, for example, it may be cooled by a direct
contact cooler, or washed in an acidic solution to further reduce contaminant content.

[0024] Additiohally, and while not shown in FIG. 1, it is contemplated that the amount or
concentration of ammonia present in the reduced ammonia-containing flue gas stream 170
may be measured before the reduced ammonia-containing flue gas stream exits the wash
vessel 160. In another embodiment, the amount or concentration of ammonia present in the
reduced ammonia-containing flue gas stream 170 may be measured after the reduced
ammonia-containing flue gas stream exits the wash vessel 160. Measurement of the amount
of ammonia present in the reduced ammonia-containing flue gas stream 170 allows a user to
monitor the amount of ammonia in the reduced ammonia-containing flue gas stream 170
either prior to, or just after, its release to the environment.

[0025] In one embodiment, wash vessel 160 1s configured to accept ammonia-containing
flue gas stream 150 with an opening 152 at the bottom of the wash vessel. While the opening
152 is shown at the bottom of the wash vessel 160, it is contemplated that the opening may be
at any location in the wash vessel and the location may vary from system fo system
depending on the application.

[0026] Wash vessel 160 may have one or more absorption stages, shown generally at 161,
to facilitate the absorption of ammonia from the ammonia-containing flue gas stream 150. In
one embodiment, as shown in FIG. 3, wash vessel 160 includes three absorption stages, a first
absorption stage 161a, a second absorption stage 161b and a third absorption stage 161c. The
wash vessel 160 is not limited in this regard as it is contemplated that the wash vessel may
have more or less absorption stages than illustrated or described herein. Each of the
absorption stages 161, e.g., first, second and third absorption stages 161a, 161b and 161c,
may include a mass transfer device 162 and a solution delivery path 163.

[0027] The mass transfer device 162 may include packing, such as, for example, random
packing, hydrophilic packing, and/or structural packing. Random packing 1s generally known
in the art and refers to packing material introduced to the absorption stage in an un-organized

fashion. Examples of random packing include, but are not limited to plastic, metal and/or
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ceramic packing material in different sizes, e.g., material having varying diameters. Random
packing material may also include wood. Hydrophilic packing includes, but is not limited to
polypropylene bags.

[0028]  Structural packing is generally known in the art and refers to packing material that
is arranged or organized in a specific fashion. Typically, structural packing is arranged in a
manner to force fluids to take a complicated path, thereby creating a large surface area for
contact between the liquid and gas. Structural packing includes, but is not limited to
structures made of metal, plastic, wood, and the like. It is contemplated that difterent
packing materials facilitate ammonia removal or reduction at different flow rates ot a liquid
into the wash vessel 160. Additionally, it is contemplated that the different packing materials
may provide more suitable pressure drops within the wash vessel 160.

[0029]  Still referring to FIG. 3, the wash vessel 160 is illustrated as being configured to
receive a solution 164 through a solution delivery path 163. In one embodiment, solution 164
removes contaminants from the ammonia-containing flue gas stream 150 present in the wash
vessel 160. Specifically, solution 164 may be an ammonia-removing solution for removing
ammonia from the ammonia-containing flue gas 150. Removal of ammonia from ammonia-
containing flue gas stream 150 results in the formation of an ammonia-containing solution
165 and the reduced-ammonia containing flue gas stream 170.

[0030] In one embodiment, the solution 164 is water. In another embodiment, the solution
164 is water containing trace amounts of contaminants, including, but not limited to ammonia
and carbon dioxide (CO»).

[0031]  Solution 164 is provided to the wash vessel 160 through solution delivery path
163. As shown in FIGS. 1 and 3, each of the absorption stages 161 has a solution delivery
path 163 for providing the solution to each absorption stage.

[0032] In one particular embodiment, as shown in FIG. 3, the solution 164 introduced to
the first absorption stage 161a includes solution 164a, e.g., solution 164a is from the bottom
of absorption stage 161a combined with water 180 provided by a stripping column 181.
While not illustrated herein, it is contemplated that solution 164a introduced to the first
absorption stage 161a is not recycled from the bottom of the first absorption stage 161a, but
rather recycled from the bottom of the wash vessel 160, i.e., recycled from the bottom ot the
third absorption stage 16lc. Alternatively, the solution 164a introduced to the first

absorption stage 161a may not be recycled from the wash vessel 160 at all, but rather 1s water

180 provided by stripping column 181.
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[0033] The solution 164 provided to the second absorption stage 161b includes solution
164b, which is water containing low concentration ammonia and CO; recycled from the
bottom absorption stage 161b. Solution 164b may be, for example, a combination of solution
164a that passes through first absorption stage 161a and second absorption stage 161b, as
well as water 180 that passes through the first absorption stage and the second absorption
stage, together with solution 164b that has already passed through the second absorption
stage.

[0034] While not illustrated herein, it is contemplated that solution 164b introduced to the
second absorption stage 161b is not recycled from the bottom of the second absorption stage
161b, but rather recycled from the bottom of the wash vessel 160, i.e., recycled from the
bottom of the third absorption stage 161¢c. Alternatively, the solution 164b introduced to the
second absorption stage 161b may not be recycled from the wash vessel 160 at all, but rather
is water 180 provided by stripping column 181.

[0035] The solution 164 provided to the third absorption stage 161c includes solution
164¢, which is water containing low concentration ammonia and CO, recycled trom the
bottom absorption stage 161c. Solution 164c may be, for example, a combination of solution
164, solution 164a that passes through the first, second and third absorption stages 161a,
161b and 161c¢, as well as solution 164b that passes through the second and third absorption
stages, together with water 180 that passes through the first, second and third absorption
stages, and solution 164c¢ that has already passed through the third absorption stage.

[0036] While not illustrated herein, it is contemplated the solution 164c infroduced to the
third absorption stage 161c may not be recycled from the wash vessel 160 at all, but rather 1s
water 180 provided by stripping column 131.

[0037]  As shown in FIGS. 1 and 3, solution 164 recycled from the bottom of absorption
stages 161 may pass through a storage tank 166, a pump 167 and a heat exchanger 168, prior
to being introduced to the wash vessel 160.

[0038] The solution 164 is introduced at the top of each absorption stage 161. As shown
in FIG. 3, the solution 164 travels in a direction C down a length L of the wash vessel 160.
Direction C is countercurrent to a direction D that the ammonia-containing tlue gas stream
150 travels up the length L of the wash vessel 160. As will be appreciated, the solution 164
travels in direction C by virtue of gravity, while the ammonia-containing flue gas stream 150

travels in direction D by virtue of several factors, including pressure drops within the wash

vessel 160.
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[0039]  As the solution 164 travels in the direction C, it passes through the mass transfer
devices 162 in each of the absorption stages 161. Likewise, as the ammonia-containing flue
gas stream 150 travels in direction D, it passes through the mass transfer devices 162 in each
of the absorption stages 161.

[0040]  As the solution 164 travels in direction C down the length L of the wash vessel
160, or a portion thereof, the ammonia concentration in the solution increases, thereby
forming the ammonia-containing solution 165 exiting the wash vessel 160. Conversely, as
the ammonia-containing flue gas stream 150 travels in a direction D up a length, e.g., the
length L, of the wash vessel 160, or a portion thereof, the ammonia concentration in the
ammonia-containing flue gas stream decreases thereby forming the reduced ammonia-
containing flue gas stream 170 that exits the vessel 160.

[0041] In one example, solution 164a recycled is introduced at the top of wash vessel 160
over the first absorption stage 161a and travels in a direction C down the length L of the wash
vessel. The concentration of ammonia present in the solution 164a exiting the first
absorption stage 161a is higher than the ammonia concentration of the solution 164 entering
the first absorption stage 161a since the solution has contacted the ammonia-containing flue
gas stream 150 that travels in direction D up the length L of the wash vessel and absorbed
ammonia therefrom. In this embodiment, a greater percentage of ammonia in the ammonia-
containing flue gas stream 150 is absorbed by the solution 164 that flows from the first
absorption stage 161a to the second absorption stage 161b since solution 164a 1s “fresh,” 1.e.,
it has not reached its maximum ammonia load.

[0042]  As shown in FIG. 1 and 3, the solution 164 falls to the bottom of the wash vessel
160 and is removed therefrom as ammonia-containing solution 165. As shown in FIG. 1, the
ammonia-containing solution 165 is sent to the stripping column 181, which is configured to
receive the ammonia-containing solution through at least one opening, shown as opening 182.
[0043] In the stripping column 181, the ammonia, as well as other contaminants, such as
CO,, is removed from the ammonia-containing solution 165 to form water 180. It is noted
that water 180 may simply be water (H,O), or it may be water having, for example, trace
contaminants, such as ammeonia.

[0044] Ammonia-containing solution 165 may be provided to stripping column 181
through pump 183 to heat exchangers 184. In heat exchangers 184, the ammonia-containing
solution 165 is heated via water 180 from the stripping column 181.

[0045] Prior to being provided to stripping column 181, a sample of the ammonia-

containing solution 165 may be taken. For example, as shown in FIG. 1, a sample of the
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ammonia-containing solution 165 may be taken at point X to measure the concentration of
contaminants, such as ammonia and CO,, present in the ammonia-containing solution 165.
Measurement of the concentration of the contaminants may facilitate a user in adapting the
process parameters of the system 100 or the stripping column 181.

[0046]  Still referring to FIG. 1, in one embodiment, stripping column 181 utilizes steam
185 to remove ammonia, as well as other contaminants, from the ammonia-containing
solution 165 to form the water 180 that will be introduced to the wash vessel 160. In one
embodiment, steam 185 is provided to the stripping column 181 by re-utilizing heat generated
in system 100, for example, heat generated by the furnace 122. System 100 1s not limited 1n
this regard as it is contemplated that stripping column 181 may utilize other technology or
techniques to remove the ammonia and other contaminants from the ammonia-containing
solution 165.

[0047] By removing ammonia from ammonia-containing solution 165, the solution 164 1s
regenerated and provided to the wash vessel as water 180.

[0048] As shown in FIG. 1, steam 185 enters stripping column 181 at a location in the
bottom of the stripping column. The steam 185 travels in a direction E along a length Z of
the stripping column 181, or a portion thereof. Simultaneously, the ammonia-containing
solution 165 travels in a direction F along at least a portion of the length Z of the stripping
column 181, which is countercurrent to the direction E traveled by the steam 1835.

[0049] As the ammonia-containing solution 165 travels in the direction F along at least a
portion of the length Z of the stripping column 181, it contacts mass transfer device 181a
located in the stripping column, as well as the steam 185 inside the stripping column that 1s
traveling in the direction E along at least a portion of the length Z of the stripping column.
Mass transfer device 181a may be packing material, such as random packing material or
structural packing material. Stripping column 181 may include one or more mass transfer
devices 181a. As shown in FIGS. 1 and 3, stripping column 181 has three mass transfer
devices 181a. However, the stripping column 181 1s not limited 1n this regard, as it can
include more or less mass transfer devices 181a.

[0050] Contact between the steam 185, the packing material of the mass transter device
181a, and the ammonia-containing solution 165 results in the removal of ammonia 186 from
the ammonia-containing solution as well as the formation of a solution free of ammonia,
namely water 180, which exits from the stripping column 181.

[0051] In one embodiment, ammonia 186 is re-utilized in the system 100. For example,

while not shown in FIG. 1, it is contemplated that ammonia 186 is utilized in the absorbing
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system 130 as ammoniated slurry or solution 140. Re-utilization of ammonia 186 within
system 100 prevents or reducing the amount of ammonia that is released from the system to
the environment, which in turn reduces or eliminates the need for additional contamination
remediation methods. Further, re-utilization of ammonia 186 within system 100 reduces the
amount of fresh ammonia, i.e., not recycled ammonia, needed by the system.

[0052] In one embodiment, stripping column 181 is operated at a pressure that is less than
about 700 kilopascal (700kpascal), which is equal to about one hundred one pounds per
square inch [gauge] (101psig). In another embodiment, stripping column 181 is operated at a
pressure that is less than about 689.475 kilopascal (689.475 kpascal), which is equal to about
one hundred pounds per square inch [gauge] (100psig). In another embodiment, stripping
column 181 is operated at a pressure in a range of between about 68.947 kpascal to about
689.475 kpascal, which is equal to a range of between about 10 pounds per square inch
[gauge] (10 psig) to about 100 pounds per square inch [gauge] (100 psig). In a further
embodiment, the stripping column 181 is operated at a pressure that is less than about 63.947
kpascal, which is equal to about 10 pounds per square inch [gauge] (10 psig).

[0053]  Operation of the stripping column 181 at low pressure, i.e., a pressure less than
about 700 kpascal, facilitates the removal of contaminants from the solution introduced to the
stripping column. Specifically, operating the stripping column 181 at a pressure less than
about 700 kpascal increases the removal of CO,, which increases the ability of the ammonia
to be removed from the ammonia-containing solution.

[0054] Additionally, operation of the stripping column 181 at a low pressure, 1.€., a
pressure less than about 700 kpascal, facilitates the ammonia 186 to be sent directly to the
absorbing system 130 to be used as ammoniated solution or slurry 140, rather than subjecting
the ammonia 186 to further processing, e.g., providing it to a regenerator. Use of the
ammonia 186 within the system 100 may increase overall efficiency and cost effectiveness of

the system 100.

[0055] The terms “first,” “second,” and the like, herein do not denote any order, quantity,
or importance, but rather are used to distinguish one element from another. The terms “a”
and “an” herein do not denote a limitation of quantity, but rather denote the presence of at
least one of the referenced item.

[0056] While the invention has been described with reference to various exemplary
embodiments, it will be understood by those skilled in the art that various changes may be

made and equivalents may be substituted for elements thereof without departing from the

scope of the invention. In addition, many modifications may be made to adapt a particular
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situation or material to the teachings of the invention without departing from the essential
scope thereof. Therefore, it is intended that the invention not be limited to the particular
embodiment disclosed as the best mode contemplated for carrying out this invention, but that

the invention will include all embodiments falling within the scope of the appended claims.
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CLAIMS:

1. A process for removing contaminants from a solution to regenerate the

solution, the process comprising:

providing a solution from a wash vessel to a stripping column, the

solution including contaminants comprising ammonia removed from a flue gas stream

present in the wash vessel;

contacting the solution with steam inside the stripping column, thereby
removing the contaminants from the solution and regenerating the solution, wherein

the stripping column is operated at a pressure less than 700 kilopascal,
providing the ammonia to an absorbing system;

providing a carbon dioxide-containing flue gas stream to the absorbing
system; and

removing carbon dioxide (CO,) from the CO2-containing flue gas stream

by contacting the CO,-containing flue gas stream with the ammonia in the absorbing

system.

2. A process according to claim 1, further comprising generating the

steam by combusting a fuel source.

3. A process according to claim 1, wherein the contaminants comprise

ammonia, carbon dioxide, or combinations thereof.
4. A process according to claim 1, where in the solution Is water.

D. A process according to claim 1, wherein the stripping column is

operated at a pressure in a range between 68.947 kilopascal and 689.475 kilopascal.

- 12 -



10

15

20

P CA 02774815 2012-04-17

78396-186

0. A process according to claim 1, wherein the stripping column is

operated at a pressure less than 68.947 kilopascal.

7. A process for removing ammonia from an ammonia-removing solution,

the process comprising:

contacting an ammonia-removing solution with an ammonia-containing

flue gas stream, thereby forming an ammonia-containing solution;
providing the ammonia-containing solution to a stripping column;

contacting the ammonia-containing solution with steam in the
stripping column, thereby removing ammonia from the ammonia-containing solution,

wherein the stripping column is operated at a pressure less than 700 kilopascal;
providing the ammonia to an absorbing system;

providing a carbon dioxide-containing flue gas stream to the absorbing

system; and

removing carbon dioxide (CO,) from the CO»-containing flue gas stream

by contactihg the CO,-containing flue gas stream with the ammonia in the absorbing
system.

8. A process according to claim 7, wherein the ammonia-removing

solution comprises water.

9. A process according to claim 7, wherein the stripping column is

operated at a pressure in a range between 68.947 kilopascal and 689.475 kilopascal.

10. A process according to claim /7, wherein the stripping column is

operated at a pressure below 68.947 kilopascal.
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11. A process according to claim 7, wherein the absorbing system is

operated at a temperature between 0° and 20° Celsius.

12. A system for removing ammonia from a solution, the system

comprising:

a wash vessel configured to receive an ammonia-containing flue gas
stream and an ammonia-removing solution, the ammonia-containing flue gas stream
contacted with an ammonia-removing solution in the wash vessel to form an

ammonia-containing solution and a reduced-ammonia containing flue gas stream;

a stripping column configured to receive the ammonia-containing
solution from the wash vessel, the ammonia-containing solution contacting steam in
the stripping column to remove ammonia from the ammonia-containing soiution,

wherein the stripping column is operated at a pressure less than 700 kilopascal; and

an absorbing system configured to receive the ammonia from the
stripping column, wherein the absorbing system utilizes the ammonia to remove

carbon dioxide (CO,) from a flue gas stream.

13. A system according to claim 12, wherein the absorbing system is

operated at a temperature between 0° and 20° Celsius.

14 A system according to claim 12, wherein the ammonia-removing

solution is water.

15. A system according to claim 12, wherein the stripping column is

operated at a pressure between 68.947 kilopascal and 689.4/5 kilopascal.

10. A system according to claim 12, wherein the stripping column is

operated at a pressure less than 68.947 kilopascal.
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