DEVICE AND METHOD FOR CONTROLLING AMMONIA ESCAPE IN AMMONIA-
BASED DECARBONIZATION SYSTEM

TECHNICAL FIELD

(1] This application claims the benefit of Chinese Patent Application No.
CN202210552210.6, filed May 19, 2022, which is hereby incorporated by reference herein in its
entirety. The present invention belongs to the technical field of environmental protection, and in
particular relates to a device and a method for controlling ammonia escape in an ammonia-based

desulfurization and decarbonization system.

BACKGROUND

[2] In recent years, the greenhouse effect has gradually become one of the most serious
problems faced by human beings. Carbon dioxide is the most important greenhouse gas, and the
use of fossil energy is its main emission source. China's total CO; emissions have ranked first in
the world. Moreover, the situation that China's energy structure dominated by coal will continue
for a period of time. Coal energy will still be the basis for new energy peaking and energy
security. China has promised the world to reach its carbon peak in 2030 and achieve carbon
neutrality in 2060. The capture, storage and resource utilization of CO» in exhaust flue gas is of
great significance for controlling and reducing greenhouse gas emissions, and for dealing with
the greenhouse effect and global warming.

[3] At present, the carbon capture technology mainly used in the world is the organic amine
method, but this method has problems of high operating costs, large discharge of three wastes in
the system, and the like. At home and abroad, new decarbonization technologies have been
actively explored. Compared with the organic amine method, the ammonia method has the
advantages of easy regeneration, low operating costs, and the by-product of decarbonization

being an important ammonium bicarbonate fertilizer. Ammonium bicarbonate is a typical



compound fertilizer, which can provide nitrogen fertilizer and CO> to plants at the same time. It
is especially suitable for the needs of modern agriculture with soilless cultivation, and
greenhouse plant growth. It provides resource utilization of CO», carbon cycling, and can avoid
secondary pollution and CO» environmental accidents that may be caused by underground carbon
storage. Compared with organic amine decarbonization products, ammonia has high CO»
absorption efficiency and ammonium bicarbonate is easier to regenerate, which can greatly
reduce the cost of decarbonization.

(4] Ammonia-based decarbonization technology has always been the focus of research, and it
is also the best way to solve greenhouse gases; however, ammonia is volatile, and
decarbonization needs to be carried out under alkaline conditions, resulting in an increase in
ammonia escape amount. If this problem is not solved, a large amount of ammonia will escape,
which will not only increase the cost of decarbonization, but also cause secondary pollution.

[5] Patent CN113262625A proposes an integrated device for desulfurization and
decarbonization, which uses desulfurization circulating liquid for washing to reduce part of the
free ammonia in the process gas, and the washing liquid returns to the desulfurization tower to be
used as an absorbent for desulfurization. For the free ammonia in the process gas, simply using
the desulfurization circulating liquid for cleaning will still cause a large amount of ammonia to
escape. After washing with the desulfurization circulating solution and then washing with the
process water, a large amount of ammonia-containing solution will be produced. If the ammonia-
containing solution returns to the desulfurization functional zone to be used as an absorbent for
desulfurization, it may upset the water balance of the desulfurization system and generate
wastewater.

[6] Patent CN101600489B proposes a method for acid washing ammonia using SOz from the
flue gas, where the process gas is cooled by using a cooling liquid, and sulfur dioxide in the
process gas is absorbed into the cooling liquid, thereby obtaining a cooling liquid comprising
sulfate. Ammonia is removed from the process gas that has been treated in the CO» absorber by
contacting the process gas comprising ammonia with the cooling liquid containing sulfate. After
the cooling liquid absorbs sulfur dioxide, the generated main product should be sulfite. In order
to achieve the ammonia removal effect, it sulfuric acid is added to the cooling liquid to control
the pH value of the cooling liquid, which greatly increases the difficulty of device control.
Moreover, this patent does not take desulfurization and decarbonization as an overall system to
consider its material balance, and only partially removing sulfur dioxide is conducted in order to
obtain sulfate.

[7] It would be desirable therefore to provide a device and method for controlling ammonia

escape in an ammonia-based decarbonization system, where ammonia is used as the



desulfurization and decarbonization agent, the gas first enters the desulfurization device for
desulfurization, and the desulfurized gas enters the decarbonization device to remove carbon
dioxide in the gas. The decarbonized gas contains free ammonia, and the free ammonia in the gas
is absorbed with the acidic ammonium sulfate solution and acidic water washing liquid of
ammonia-based desulfurization.

[8] It also would be desirable therefore to control ammonia escape in the ammonia-based
decarbonization system, and at the same time, use the ammonia recovered by washing for

desulfurization, which saves ammonia consumption.

BRIEF DESCRIPTION OF THE DRAWINGS
[9] Fig. 1 shows a first embodiment.
[10] Fig. 2 shows a second embodiment.

[11] Fig. 3 shows a comparative embodiment.

DETAILED DESCRIPTION

[12] Apparatus and methods for controlling ammonia escape in an ammonia-based
decarbonization system are provided.

[13] The methods may include receiving gas from an ammonia-based decarbonization process,
the gas including free ammonia. The methods may include receiving from an ammonia-based
desulfurization process acidic ammonium sulfate solution. The methods may include receiving
from an ammonia-based desulfurization process acidic water washing liquid. The methods may
include absorbing free ammonia from the gas by washing the gas with the acidic ammonium
sulfate solution. The methods may include absorbing free ammonia from the gas by washing the
gas with the acidic water washing liquid.

[14] The absorbing may be a first absorbing. The methods may include a second absorbing
free ammonia from the gas. The second absorbing may be performed prior to the first absorbing.
The second absorbing may include washing the gas with a process water that includes desalinated
water, washing condensate water, and acidic water washing liquid drainage.

[15] The methods may include, in the washing, using at least one layer of liquid distributor,
causing contact between the acidic ammonium sulfate solution and the gas. The methods may
include recovering the acidic ammonium sulfate solution after contact between the acidic
ammonium sulfate solution and the gas. The methods may include returning recovered acidic
ammonium sulfate solution to the desulfurization process. The methods may include, in the
washing, using at least one layer of liquid distributor, causing contact between the acidic water

washing liquid and the gas. The methods may include recovering the acidic water washing liquid



after contact between the acidic water washing liquid and the gas. The methods may include
conveying recovered acidic water washing liquid to the desulfurization process.

[16] The methods may include, in the washing, using at least one layer of liquid distributor,
causing contact between the acidic ammonium sulfate solution and the gas. The methods may
include recovering the acidic ammonium sulfate solution after contact between the acidic
ammonium sulfate solution and the gas. The methods may include returning recovered acidic
ammonium sulfate solution to the desulfurization process. The methods may include, in the
washing, using at least one layer of liquid distributor, causing contact between the acidic water
washing liquid and the gas. The methods may include recovering the acidic water washing liquid
after contact between the acidic water washing liquid and the gas. The methods may include
conveying recovered acidic water washing liquid to the decarbonization system.

[17] The methods may include, in the second absorbing using at least one layer of liquid
distributor to wash the gas with the process water. The methods may include, in the second
absorbing ammonia-containing solution produced returns to the desulfurization process.

[18] The methods may include providing at least one layer of liquid distributor for the washing
with the process water, the washing with the process water producing an ammonia-containing
solution. The methods may include conveying the ammonia-containing solution to the
decarbonization system.

[19] The methods may include providing, between washing with the acidic ammonium sulfate
solution and washing with the acidic water washing liquid, equipment that allows only gases to
pass.

[20] The methods may include providing, between washing with the acidic ammonium sulfate
solution and washing with the acidic water washing liquid, components that allow only gases to
pass.

[21] The methods may include providing, between washing with the acidic ammonium sulfate
solution and washing with the process water, equipment that allows only gases to pass.

[22] The methods may include providing, between washing with the acidic ammonium sulfate
solution and washing with the process water, components that allow only gases to pass.

[23] The ammonia-based decarbonization process may include multi-stage absorption that
includes a final stage; and less ammonia than the prior stage is added in the final stage and
reduces NHj3 escape to 200 - 2000 ppm after decarbonization.

[24] The gas, after being treated in an absorption circulating section of an ammonia-based
decarbonization zone, may have an NH3 content in the range 200 to 2000 ppm. The gas, after

being treated in an ammonia escape control zone, may have an NH3 content in the range 0 to 30



[25] The acidic ammonium sulfate solution may have a pH in the range 4.5-6.5. The acidic
ammonium sulfate solution may have an ammonium sulfate concentration in the range 10-38wt%
(weight-percent). The acidic water washing liquid may have a pH in the range 3-7. The acidic
water washing liquid may have an ammonium sulfate concentration of in the range 0-5wt%.

[26] The acidic ammonium sulfate solution and the acidic water washing liquid may have a
temperature in the range 20-60°C, and cooling the acidic ammonium sulfate solution and the
acidic water washing liquid by a cooler before the washing.

[27] A liquid-gas ratio of the washing with the process water may be in the range 5-25. A
liquid-gas ratio of the washing with the acidic ammonium sulfate solution may be in the range 1-
20. A liquid-gas ratio of the washing with the acidic water washing liquid may be in the range 1-
15.

[28]  The methods may include providing a first gas-liquid contact component for washing
with the acidic ammonium sulfate solution. The methods may include providing a second gas-
liquid contact component for washing with the acidic water washing liquid washer.

[29] One or more of the process water, the washing condensate water, and the acidic water
washing liquid drainage may have a pH that is not greater than 8.

[30] The methods may include adding acid added to the process water, the washing condensate
water, and the acidic water washing liquid drainage to adjust pH.

[31] The apparatus may include a device for controlling ammonia escape in an ammonia-based
desulfurization and decarbonization system.

[32] The device may include an ammonia-based desulfurization zone. The device may include
an ammonia-based decarbonization zone. The device may include an ammonia escape control
zone.

[33] The ammonia-based desulfurization zone may include a washing cooling section. The
ammonia-based desulfurization zone may include an absorption circulating section. The
ammonia-based desulfurization zone may include a particle control section.

[34] The ammonia-based decarbonization zone may include a cooling section. The ammonia-
based decarbonization zone may include an absorption circulating section.

[35] The ammonia escape control zone may include an ammonia escape control section. The
ammonia escape control section may include an acidic ammonium sulfate solution washing
system. The ammonia escape control section may include an acidic water washing system.

[36] The absorption circulating section of the ammonia-based desulfurization zone may be
connected to the acidic ammonium sulfate solution washing system of the ammonia escape

control zone through pipes. The particle control section of the ammonia-based desulfurization



zone may connected to the acidic water washing system of the ammonia escape control zone
through pipes.

[37] The absorption circulating section of the ammonia-based decarbonization zone may
include multi-stage absorption that includes a final stage. The final stage may be configured to
add less ammonia than the prior stage.

[38] The final stage may be configured to reduce NH3 escape to 200 - 2000 ppm after
decarbonization.

[39] The ammonia escape control zone may include a process water washing system. The
process water washing system may be connected to a process water pipe through pipes. The
process water washing system may be connected to the absorption circulating section of an
ammonia-based desulfurization device.

[40] The ammonia escape control zone may include a process water washing system. The
process water washing system may be connected to a process water pipe through pipes. The
process water washing system may be connected to the absorption circulating section of an
ammonia-based decarbonization device.

[41] The device may include one or more towers. The device may include equipment
configured to allow passage of gases only.

[42] Sections of the ammonia-based desulfurization zone and the ammonia-based
decarbonization zone may be configured to be combined into the one or more towers. The
equipment may be provided between the sections.

[43] The particle control section of the ammonia-based desulfurization zone may be
configured to provide cooling that is performed by the cooling section of the ammonia-based
decarbonization zone.

[44] The device may include The device may include an ammonia-based desulfurization zone.
The device may include an ammonia-based decarbonization zone. The device may include an
ammonia escape control zone.

[45] The ammonia-based desulfurization zone may include. The ammonia-based
desulfurization zone may include a washing cooling section. The ammonia-based desulfurization
zone may include an absorption circulating section. The ammonia-based desulfurization zone
may include a particle control section.

[46] The ammonia-based decarbonization zone may include a cooling section. The ammonia-
based decarbonization zone may include an absorption circulating section.

[47] The ammonia escape control zone may include an ammonia escape control section. The
ammonia escape control section may include an acidic ammonium sulfate solution washing

system. The ammonia escape control section may include an acidic water washing system.



[48] The absorption circulating section of the ammonia-based desulfurization zone may be
connected to the acidic ammonium sulfate solution washing system of the ammonia escape
control zone through pipes.

[49] The cooling section of the ammonia-based decarbonization zone may be connected to the
acidic water washing system of the ammonia escape control zone through pipes.

[S0] The absorption circulating section of the ammonia-based decarbonization zone may
include multi-stage absorption that includes a final stage. The final stage may be configured to
add less ammonia than the prior stage. The final stage may be configured to reduce NH3 escape
to 200 - 2000 ppm after decarbonization.

[S1] The ammonia escape control zone may include a process water washing system. The
process water washing system may be connected to a process water pipe through pipes. The
process water washing system may be connected to the absorption circulating section of the
ammonia-based desulfurization zone.

[S2] The ammonia escape control zone may include a process water washing system. The
process water washing system may be connected to a process water pipe through pipes. The
process water washing system may be connected to the absorption circulating section of the
ammonia-based decarbonization device.

[S3] The device may include one or more towers. The device may include equipment
configured to allow passage of gases only.

[54] Sections of the ammonia-based desulfurization zone and the ammonia-based
decarbonization zone may be configured to be combined into the one or more towers. The
equipment may be provided between the sections.

[S5]  The particle control section of the ammonia-based desulfurization zone may be
configured to provide cooling that is performed by the cooling section of the ammonia-based
decarbonization zone.

[S6] The apparatus and methods may include controlling ammonia escape in an ammonia-
based decarbonization system, where ammonia may be adopted to remove sulfur oxides and CO»
to generate ammonium sulfate fertilizer and ammonium bicarbonate fertilizer. The ammonia-
based desulfurization and decarbonization device may be provided with an ammonia-based
desulfurization functional zone, an ammonia-based decarbonization functional zone, and an
ammonia escape control functional zone. The ammonia-based desulfurization functional zone
may include a washing cooling section, an absorption circulating section, and a particle control
section. The ammonia-based decarbonization functional zone may include a cooling section, and
an absorption circulating section. The ammonia escape control functional zone may include an

acidic ammonium sulfate solution washing system and an acidic water washing system. The



absorption circulating section of the ammonia-based desulfurization functional zone may be
connected to the acidic ammonium sulfate solution washing system of the ammonia escape
control functional zone through pipes, and the particle control section of the ammonia-based
desulfurization functional zone or the cooling section of the ammonia-based decarbonization
functional zone may be connected to the acidic water washing system of the ammonia escape
control functional zone through pipes. The ammonia-based decarbonization absorption
circulating section may include multi-stage absorption in which little or no ammonia is added in
the final stage so as to reduce NH3 escape after decarbonization.

[S7] Ammonia may be used as the desulfurization and decarbonization agent. The gas may
first enter the desulfurization functional zone for desulfurization to generate ammonium sulfate
fertilizer. The desulfurized gas may enter the decarbonization functional zone to remove carbon
dioxide in the gas and generate ammonium bicarbonate fertilizer. The decarbonized gas may
contain free ammonia, and it may be washed with the acidic ammonium sulfate solution and
acidic water washing liquid of ammonia-based desulfurization to absorb the free ammonia in the
gas. The acidic ammonium sulfate solution may include the solution of the absorption circulating
section of the ammonia-based desulfurization functional zone, its ammonium sulfate
concentration may be in the range 10-38wt%, and its pH may be in the range 4.5-6.5; the acidic
water washing liquid may include the solution of the particle control section of the ammonia-
based desulfurization functional zone or the solution of the cooling section of the ammonia-based
decarbonization functional zone, its ammonium sulfate concentration may be in the range 0-
5wt%, and its pH may be in the range 3-7. After washing in the ammonia escape control
functional zone, the concentrations of the acidic ammonium sulfate solution and the acidic water
washing liquid may be basically unchanged, the pH of the acidic ammonium sulfate solution may
be in the range 4.6-6.9, and the pH of the acidic water washing liquid may be in the range 3.5-
7.5.

[S8] The temperature of the acidic ammonium sulfate solution and the acidic water washing
liquid may be in the range 20-60°C, preferably 30-50°C.

[S9] Prior to washing, the acidic ammonium sulfate solution and the acidic water washing
liquid may be cooled by a cooler before washing, and then washed.

[60] Liquid distributors and gas-liquid contact parts may be provided inside the acidic
ammonium sulfate solution and acidic water washing liquid washers. The liquid distributor may
include a trough distributor, and the gas-liquid contact parts may include packing.

[61] Before using the acidic ammonium sulfate solution and acidic water washing liquid of
ammonia-based desulfurization to absorb free ammonia in the gas, may be included a washing of

the gas with process water to absorb free ammonia. The process water may include desalted



water, or the solution in the cooling section of the ammonia-based decarbonization functional
zone, or the drainage of the acidic water washing system of the ammonia escape control
functional zone.

[62] At least one layer of liquid distributor may be provided for washing with the acidic
ammonium sulfate solution of ammonia-based desulfurization, and the solution after gas-liquid
contact washing may be recovered and returns to the desulfurization system.

[63] At least one layer of liquid distributor may be provided for washing with the acidic water
washing liquid of ammonia-based desulfurization, and the solution after gas-liquid contact
washing may be recovered and returns to the desulfurization system or the decarbonization
system.

[64] At least one layer of liquid distributor may be provided for washing with the process
water, and the ammonia-containing solution produced may be returned to the desulfurization
system or the decarbonization system.

[65] Between washing with the acidic ammonium sulfate solution and acidic water washing
liquid of ammonia-based desulfurization, a liquid collector that only allows gases to pass through
may be provided.

[66] Between washing with the acidic ammonium sulfate solution of ammonia-based
desulfurization and washing with the process water, a liquid collector that only allows gases to
pass through may be provided.

[67] The above functional zones may be combined into one tower or multiple towers. In the
desulfurization functional zone, each section may be provided with at least one spray layer, and
equipment/components that allow gases to pass through may be provided between sections. The
particle removal section may be divided into two parts. The spray washing in the first part may
include circulating washing with a high-concentration solution containing ammonium sulfate,
and the second part may include circulating washing with a dilute solution containing ammonium
sulfate. Between the two parts there may be equipment/components that allows gases to pass
through. In the decarbonization functional zone, each section may be provided with at least one
spray layer, and equipment/components that allow gases to pass through may be provided
between the sections.

[68] The gas after ammonia-based decarbonization may include free ammonia. The apparatus
and methods may include the use of acidic ammonium sulfate solution and acidic water washing
liquid of ammonia-based desulfurization to wash the gas after ammonia-based decarbonization to
absorb free ammonia therein. The apparatus and methods may include washing with process

water to absorb free ammonia before using the acidic ammonium sulfate solution and acidic



water washing liquid of ammonia-based desulfurization to absorb the free ammonia in the gas.
The process water may include desalted water and washing condensate water.
[69] In the apparatus and methods, the flow rate of the acidic ammonium sulfate solution,
acidic water washing liquid or process water used for washing and absorption may be adjusted as
required, and the liquid-to-gas ratio of the process water may be in the range 5-25, the range 10-
20, or the range 12-18; the liquid-gas ratio for the acidic ammonium sulfate solution may be in
the range 1-20, the range 1-10, or the range 2-6; and the liquid-gas ratio for the acidic water
washing liquid may be in the range 1-20, the range 1-15, or the range 2-10.

Liquid-gas ratio = Q/V,

wherein Q is liquid circulation rate, L/h, and V is process gas flow after ammonia-based
decarbonization (gas flow under working conditions, i.e., operating conditions

temperature, pressure, etc.)), m’/h.
p p

[70]  The apparatus and methods may mainly remove the free ammonia contained in the gas
after ammonia-based decarbonization, and may have little influence on the SO> content and the
COz content.

[71]  For the acidic ammonium sulfate solution, the pH may be in the range 4.5-6.5, and the
ammonium sulfate concentration may be in the range 10-38wt%, the range 12-35wt%, the range
15-30wt%, or the range 17-28wt%; for the acidic water washing liquid, the pH may be in the
range 3-7, the ammonium sulfate concentration may be in the range 0-5wt%, the range 0-3wt%,
the range 0-1wt%, or the range 0-0.6wt%.

[72]  In the method of the present invention, the temperature of the acidic ammonium sulfate
solution and the acidic water washing liquid may be in the range 20-60°C or the range 30-50°C.
[73] The NHj3 content in the gas after being treated by the decarbonization absorption tower
may be in the range 200 to 2000 ppm, the range 400 to 1500 ppm, or the range 500 to 1000 ppm.
[74] The SO, content in the gas after being treated by the decarbonization absorption tower
may be in the range 0 to 20 mg/Nm?, the range 0 to 15 mg/Nm?, or the range 0 to 10 mg/Nm?>.
[75] The CO: content in the gas after being treated by the decarbonization absorption tower
may be in the range 0-20v% (volume-percent), the range 1-10v%, or the range 2-7v%.

[76] The NHj3 content in the gas after being treated may be in the range 0 to 30 ppm, the range
0 to 20 ppm, or the range 0 to 10 ppm.

[77] The apparatus and methods may provide beneficial economic effects in addition to
technical effects, e.g., reducing ammonia escape, reducing ammonia consumption, reducing

ammonia consumption loss by 96%-99% or 97%-99%, as shown in the Examples below.
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[78] In the present invention, the SO, content in the gas may be tested according to HJ 629-
2011 Fixed Pollution Source Waste Gas - Determination of Sulfur Dioxide - Non-dispersive
Infrared Absorption Method; the CO» content may be tested according to HJ 870-2017 Fixed
Pollution Source Waste Gas - Determination of Carbon Dioxide - Non-dispersive Infrared
Absorption Method; and the NH3 content may be tested according to HJ 533-2009 Ambient Air
and Waste Gas - Determination of Ammonia - Nessler's Reagent Spectrophotometry.

[79]  All concentrations mentioned in the present invention are by weight unless otherwise
stated.

[80] Illustrative embodiments of apparatus and methods in accordance with the principles of
the invention will now be described with reference to the accompanying drawings, which form a
part hereof. It is to be understood that other embodiments may be utilized and that structural,
functional and procedural modifications, additions or omissions may be made, and features of
illustrative embodiments, whether apparatus or method, may be combined, without departing
from the scope and spirit of the present invention.

[81] Fig. 1 shows illustrative example 1, where before using the acidic ammonium sulfate
solution and acidic water washing liquid of ammonia-based desulfurization to absorb free
ammonia in the gas, the gas was washed with the process water to absorb free ammonia.
[82] Fig. 2 shows illustrative example 2, where the acidic ammonium sulfate solution and
acidic water washing liquid of ammonia-based desulfurization were used to wash the gas to
absorb free ammonia therein.

[83] Fig. 3 shows an illustrative comparative example, where the gas was washed with
the process water to absorb free ammonia.

[84] Process gas 1, desulfurization functional zone 2, desulfurization washing cooling
section 2-1, desulfurization absorption circulating section 2-2, desulfurization particle
control section 2-3, desulfurization circulating pump a 3, desulfurization circulating pump
b 4, desulfurization circulating pump c 5, desulfurization circulating tank 6, oxidizing air 7,
addition of ammonia to desulfurization system 8, ammonium sulfate discharge pump 9,
desulfurization circulating pump d 10, desulfurization heat exchanger 11, desulfurized tail
gas 12, decarbonization absorption tower 13, decarbonization circulating pump 14,
ammonium bicarbonate discharge pump 15, addition of ammonia to decarbonization system
16, decarbonized tail gas 17, ammonia washing tower 18, process water washing section
18-1, ammonium sulfate washing section 18-2, acidic liquid washing section 18-3,
ammonia washing circulating pump a 19, desulfurization absorption section ammonium
sulfate solution 20, return desulfurization liquid 21, ammonia washing circulating pump b

22, desulfurization particle control section solution 23, return acidic solution 24, clean flue
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gas 25, finished product ammonium sulfate 26, finished product ammonium bicarbonate 27,
process water 28, ammonia-containing solution 29, process water washing section packing
30-1, ammonium sulfate washing section packing 30-2, acidic liquid washing section
packing 30-3, process water washing section trough distributor 31-1, ammonium sulfate
washing section trough distributor 31-2, acidic liquid washing section trough distributor 31-
3, desulfurization absorption section ammonium sulfate solution heat exchanger to
ammonia washing 32, and desulfurization particle control section solution heat exchanger

to ammonia washing 33.

ILLUSTRATIVE EXAMPLE 1

[85] Asshown in Fig. 1, the process gas 1 containing sulfur oxides and CO> entered the
desulfurization functional zone 2, and passed through the desulfurization washing cooling section
2-1, the desulfurization absorption circulating section 2-2, and the desulfurization particle control
section 2-3 successively. In the desulfurization washing cooling section 2-1, spray circulation
was conducted using the desulfurization circulating pump-a 3, the ammonium sulfate solution
was concentrated while the tail gas was cooled, and the concentrated ammonium sulfate slurry
from which solid was precipitated was sent to the ammonium sulfate production 26 through the
ammonium sulfate discharge pump 9. Absorption spray circulation was carried out using the
desulfurization circulating pump-b 4, the desulfurization circulating pump-c 5, and the
desulfurization circulating tank 6 to absorb sulfur oxides (sulfur dioxide and sulfur trioxide) in
the tail gas. The desulfurization circulating pump-c5 sent a part of the ammonium sulfate solution
20 to the ammonium sulfate washing section 18-2 of the ammonia washing tower after being
cooled to 35°C by the cooler 32, and the washed solution 21 was returned to the desulfurization
circulating tank 6. Washing spray circulation was carried out using the desulfurization circulating
pump-d 10, and the washing temperature and the temperature of the tail gas 12 after
desulfurization were controlled using the desulfurization heat exchanger 11. The particle control
section 2-3 of the ammonia-based desulfurization functional zone performed the cooling function
of the ammonia-based decarbonization. The acidic solution 23 condensed from the flue gas was
cooled to 35°C by the cooler 33 and was then used as the replenishing water for the acidic water
washing section 18-3 of the ammonia washing tower, and the washed solution 24 was returned to
the desulfurization circulating tank 6. It went to desulfurization system 8 for addition of
ammonia, and after metering, then to the desulfurization circulating tank 6 for addition of
ammonia. The oxidizing air 7 went to the desulfurization circulating tank 6 to oxidize the

solution.
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[86] The desulfurized tail gas 12 entered the decarbonization absorption tower 13, absorption
circulation was carried out using the decarbonization circulating pump 14, and the finished
product ammonium carbonate 27 was sent out using the ammonium bicarbonate discharge pump
15. It was sent to decarbonization system 16 for addition of ammonia, and after metering, to the
decarbonization absorption tower 13 for addition of ammonia.

[87] The decarbonized tail gas 17 entered the ammonia washing tower 18, and passed through
the process water washing section 18-1, the ammonium sulfate washing section 18-2, and the
acidic liquid washing section 18-3 successively. In the process water washing section 18-1 of the
ammonia washing tower, process water washing was carried out using the ammonia washing
circulating pump-a 19, the process water washing section 18-1 of the ammonia washing tower
was provided with the trough distributor 31-1 and the packing 30-1, the process water was
replenished through the external process water pipe 28, and the ammonia-containing solution 29
after washing was sent to the decarbonization tower 13. A part of the ammonium sulfate solution
20 in the desulfurization absorption section sent out by the desulfurization circulating pump-c 5
entered the ammonium sulfate washing section 18-2 of the ammonia washing tower, the
ammonium sulfate washing section 18-2 of the ammonia washing tower was provided with the
trough distributor 31-2 and the packing 30-2, and the washed solution (that is, the return
desulfurization solution) 21 was returned to the desulfurization circulating tank 6. The acidic
solution condensed from the flue gas sent out by the desulfurization circulating pump-d 10 (i.e.,
the solution in the desulfurization particle control section) 23 was used as replenishing water for
the acidic water washing section 18-3 of the ammonia washing tower, the acidic water washing
section 18-3 of the ammonia washing tower was provided with the trough distributor 31-3 and
the packing 30-3, and the washed solution (that is, the return acidic solution) 24 was returned to
the desulfurization circulating tank 6. After washing, the clean flue gas 25 was discharged.

[88] The acidic ammonium sulfate solution 20 had a flow rate of 350 m*/h, a pH of 6.4, and an
ammonium sulfate concentration of 18wt%. The acidic ammonium sulfate solution returned after
entering the ammonia washing tower had a pH of 6.9, and its ammonium sulfate concentration
remained basically unchanged.

[89] The flow rate of the acidic water washing liquid 23 was adjusted according to the pH
value of the water washing liquid in the acidic water washing section 18-3 of the ammonia
washing tower, its pH was 3.8, and its ammonium sulfate concentration was 2wt%. The acidic
water washing liquid returned after entering the ammonia washing tower had a pH of 4.2, and its
ammonium sulfate concentration remained basically unchanged. The circulation rate of the

ammonia washing circulating pump b 22 was 500 m*/h to ensure the ammonia washing effect.
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[90] The flow rate of the process water 28 was adjusted according to the pH value of the water
washing liquid in the process water washing section 18-1 of the ammonia washing tower, and the
circulation rate of the ammonia washing circulating pump a 19 is 1200m>/h to ensure the
ammonia washing effect. The pH of the desalinated water was chosen to be 6.9, and the pH of
the solution returned after entering the ammonia washing tower was 7.9.

[91] 99.6% anhydrous ammonia was chosen as the absorbent for desulfurization and

decarbonization, and the parameters of the process gas 1 are shown in the table below:

Serial Item Value
number

1 Gas flow, Nm?/h 82381
2 Temperature, °C 120

3 SO, content, mg/Nm? 4480
4 CO; content, v% 12.9
5 H,O content, v% 8

6 O3 content, v% 5.61

[92] The parameters of the gas 12 after desulfurization and cooling are shown in the table

below:
Serial number Item Value
1 Gas flow, Nm?/h 78710
2 Temperature, °C 18
3 SO, content, mg/Nm3 35
4 CO; content, v% 13.5
5 NH3 content, ppm 3
6 Desulfurization efficiency, % 99
7 Amount of by-product ammonium sulfate, t/h 0.76
8 99.6% anhydrous ammonia consumption, t/h 0.16

[93] The main parameters of the gas 17 treated by the decarbonization absorption tower are

shown in the following table:

Serial number Item Value

1 Gas flow at the outlet of decarbonization absorption 75333
tower, Nm*/h

2 CO; content at the outlet of decarbonization absorption 5.26
tower, v%

3 NH3; content at the outlet of decarbonization absorption 1000
tower, v%

4 SO, content at the outlet of decarbonization absorption 5
tower, mg/Nm?

5 Decarbonization efficiency, % 60

6 Amount of by-product ammonium bicarbonate, t/h 22.5

7 99.6% anhydrous ammonia consumption, t/h 4.86
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[94] The main parameters of the gas 25 after being treated by the ammonia washing tower are

shown in the table below:

Serial number Item Value

1 Gas flow at the outlet of ammonia washing tower, 77754
Nm3/h

2 CO:> content at the outlet of ammonia washing tower, | 5.26
v%

3 NH3 content at the outlet of ammonia washing tower, | 10
ppm

4 SO, content at the outlet of ammonia washing tower, | 5
mg/Nm?

[95] The ammonia escape amount is 4.98 t/year, and the ammonia consumption loss is about

20,000 yuan/year.

ILLUSTRATIVE EXAMPLE 2

[96] As shown in Fig. 2, illustrative example 2 is the same as illustrative example 1, except
that the process water washing section 18-1 of the ammonia washing tower was not provided.
The parameters of desulfurization and decarbonization were the same, and the main parameters

of the gas 25 after treatment in the ammonia washing tower are shown in the table below:

Serial number Item Value

1 Gas flow at the outlet of ammonia washing tower, 77754
Nm?3/h

2 CO; content at the outlet of ammonia washing tower, | 5.26
v%

3 NHj3 content at the outlet of ammonia washing tower, | 18
ppm

4 SO, content at the outlet of ammonia washing tower, | 5
mg/Nm?

[97] The ammonia escape amount is 8.96 t/year, and the ammonia consumption loss is about

36,000 yuan/year.

ILLUSTRATIVE COMPARATIVE EXAMPLE

[98] As shown in Fig. 3, the illustrative comparative examples is the same as illustrative
example 1, except that the ammonium sulfate washing section 18-2 and the acidic solution water
washing section 18-3 of the ammonia washing tower were not provided. The parameters of
desulfurization and decarbonization were the same, and the main parameters of the gas 25 after

treatment in the ammonia washing tower are shown in the table below:

Serial number Item Value

1 Gas flow at the outlet of ammonia washing tower, 77754
Nm’/h

2 CO; content at the outlet of ammonia washing tower, 5.26
v%
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Serial number Item Value

3 NH; content at the outlet of ammonia washing tower, 500
ppm

4 SO, content at the outlet of ammonia washing tower, 5
mg/Nm3

[99] The ammonia escape amount is 248 t/year, and the ammonia consumption loss is about
99,2000 yuan/year.

[100] It can be seen from the comparison between the above illustrative examples and the
illustrative comparative example that ammonia escape amount in the gas treated by the method
and device of the present invention is significantly reduced, so that the ammonia consumption
loss is greatly reduced.

[101] Illustrative features may include:

1. A method for controlling ammonia escape in an ammonia-based decarbonization
system, wherein a gas after ammonia-based decarbonization contains free ammonia, and the
gas after ammonia-based decarbonization is washed with the acidic ammonium sulfate
solution and acidic water washing liquid of ammonia-based desulfurization to absorb free
ammonia therein.

2. The method of aspect 1, wherein before absorbing the free ammonia in the gas with
the acidic ammonium sulfate solution and acidic water washing liquid of ammonia-based
desulfurization, the method further comprises washing the gas with a process water to
absorbs free ammonia, and the process water is preferably desalinated water, washing
condensate water, and acidic water washing liquid drainage.

3. The method of aspect 1, wherein the ammonia-containing solution produced by
washing with the acidic ammonium sulfate solution and acidic water washing liquid of
ammonia-based desulfurization returns to the desulfurization system or the decarbonization
system.

4. The method of aspect 1, wherein at least one layer of liquid distributor is provided
for washing with the acidic ammonium sulfate solution of ammonia-based desulfurization,
and the solution after gas-liquid contact washing is recovered and returns to the
desulfurization system.

5. The method of aspect 1, wherein at least one layer of liquid distributor is provided
for washing with the acidic water washing liquid of ammonia-based desulfurization, and the
solution after gas-liquid contact washing is recovered and returns to the desulfurization
system or the decarbonization system.

6. The method of aspect 2, wherein at least one layer of liquid distributor is provided
for washing with the process water, and the ammonia-containing solution produced returns
to the desulfurization system or the decarbonization system.
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7. The method of aspect 1, wherein between washing with the acidic ammonium
sulfate solution and acidic water washing liquid of ammonia-based desulfurization,
equipment or components that only allow gases to pass through are provided.

8. The method of aspect 2, wherein between washing with the acidic ammonium
sulfate solution of ammonia-based desulfurization and washing with the process water,
equipment or components that only allow gases to pass through are provided.

9. The method of aspect 1, wherein the ammonia-based decarbonization absorption
circulating section includes multi-stage absorption, and little or no ammonia is added in the
final stage to reduce NH3 escape after decarbonization.

10. The method of aspect 1, wherein the NH3 content in the gas after being treated in
the absorption circulating section of the ammonia-based decarbonization functional zone is
200 to 2000 ppm; preferably 400 to 1500 ppm; and more preferably 500 to 1000 ppm.

11. The method of aspect 1, wherein the NH3 content in the gas after being treated in
the ammonia escape control functional zone is 0 to 30 ppm; preferably 0 to 20 ppm; and
more preferably 0 to 10 ppm.

12. The method of aspect 1, wherein the acidic ammonium sulfate solution has a pH of 4.5-
6.5, and an ammonium sulfate concentration of 10-38wt%; and the acidic water washing liquid
has a pH of 3-7 and an ammonium sulfate concentration of 0-5wt%.

13. The method of aspect 1, wherein the temperature of the acidic ammonium sulfate
solution and the acidic water washing liquid is 20-60°C, preferably 30-50°C.

14. The method of aspect 1, wherein the acidic ammonium sulfate solution and the
acidic water washing liquid are cooled by a cooler before washing, and then washed.

15. The method of aspect 2, wherein the liquid-gas ratio for the process water is generally
5-25, preferably 10-20, and more preferably 12-18.

16. The method of aspect 1, wherein the liquid-gas ratio for the acidic ammonium sulfate
solution generally adopts 1-20, preferably 1-10, and more preferably 2-6.

17. The method of aspect 1, wherein the liquid-gas ratio for the acidic water washing liquid
generally adopts 1-15, preferably 1-8, and more preferably 2-5.

18. The method of aspect 1, wherein a gas-liquid contact component is provided in the
acidic ammonium sulfate solution and acidic water washing liquid washer, and the gas-
liquid contact component is preferably packing.

19. The method of aspect 2, wherein the pH of the process water, the washing condensate
water, and the acidic water washing liquid drainage is not greater than 8.

20. The method of aspect 2, wherein an acid is added to the process water, the washing

condensate water, and the acidic water washing liquid drainage to adjust pH, and preferably the
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acid is sulfuric acid.

21. A device for controlling ammonia escape in an ammonia-based desulfurization and
decarbonization system, wherein the device includes an ammonia-based desulfurization
functional zone, an ammonia-based decarbonization functional zone, and an ammonia
escape control functional zone,

wherein,

the ammonia-based desulfurization functional zone includes a washing cooling section,
an absorption circulating section, and a particle control section,

the ammonia-based decarbonization functional zone includes a cooling section, and an
absorption circulating section,

the ammonia escape control functional zone includes an ammonia escape control
section including an acidic ammonium sulfate solution washing system and an acidic water
washing system,

the absorption circulating section of the ammonia-based desulfurization functional
zone is connected to the acidic ammonium sulfate solution washing system of the ammonia
escape control functional zone through pipes, and the particle control section of the
ammonia-based desulfurization functional zone or the cooling section of the ammonia-
based decarbonization functional zone is connected to the acidic water washing system of
the ammonia escape control functional zone through pipes.

22. The device of aspect 21, wherein the ammonia-based decarbonization absorption
circulating section includes multi-stage absorption, and little or no ammonia is added in the
final stage to reduce NH3 escape after decarbonization.

23. The device of aspect 21, wherein the ammonia escape control functional zone can
also include a process water washing system, the process water washing system is
connected to a process water pipe through pipes, and is connected to the absorption
circulating section of the ammonia-based desulfurization device or the absorption
circulating section of the ammonia-based decarbonization device.

24. The device of aspect 21, wherein the sections of the ammonia-based
desulfurization functional zone and the ammonia-based decarbonization functional zone is
capable of combining into one tower or multiple towers, and equipments/components
allowing gases to pass through are provided between the sections.

25. The device of aspect 21, wherein the particle control section of the ammonia-based
desulfurization functional zone can partially or completely realize the function of the

cooling section of the ammonia-based decarbonization functional zone.
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[102] All ranges and parameters disclosed herein shall be understood to encompass any and all
subranges subsumed therein, every number between the endpoints, and the endpoints. For
example, a stated range of ““1 to 10” should be considered to include any and all subranges
between (and inclusive of) the minimum value of 1 and the maximum value of 10; that is, all
subranges beginning with a minimum value of 1 or more (e.g. 1 to 6.1), and ending with a
maximum value of 10 or less (e.g., 2.3 t0 9.4, 3 to 8, 4 to 7), and finally to each number 1, 2, 3, 4,
5,6,7,8,9, and 10 contained within the range.

[103] Thus, apparatus and methods for controlling ammonia escape in an ammonia-based
decarbonization system have been provided. Persons skilled in the art will appreciate that the
present invention may be practiced by other than the described embodiments, which are
presented for purposes of illustration rather than of limitation. The present invention is limited

only by the claims that follow.

19



WHAT IS CLAIMED IS:
1. A method for controlling ammonia escape in an ammonia-based decarbonization

system, wherein a gas after ammonia-based decarbonization contains free ammonia, and the
gas after ammonia-based decarbonization is washed with the acidic ammonium sulfate
solution and acidic water washing liquid of ammonia-based desulfurization to absorb free
ammonia therein.

2. The method of claim 1, wherein before absorbing the free ammonia in the gas with
the acidic ammonium sulfate solution and acidic water washing liquid of ammonia-based
desulfurization, the method further comprises washing the gas with a process water to
absorbs free ammonia, and the process water is preferably desalinated water, washing
condensate water, and acidic water washing liquid drainage.

3. The method of claim 1, wherein the ammonia-containing solution produced by
washing with the acidic ammonium sulfate solution and acidic water washing liquid of
ammonia-based desulfurization returns to the desulfurization system or the decarbonization
system.

4. The method of claim 1, wherein at least one layer of liquid distributor is provided
for washing with the acidic ammonium sulfate solution of ammonia-based desulfurization,
and the solution after gas-liquid contact washing is recovered and returns to the
desulfurization system.

5. The method of claim 1, wherein at least one layer of liquid distributor is provided
for washing with the acidic water washing liquid of ammonia-based desulfurization, and the
solution after gas-liquid contact washing is recovered and returns to the desulfurization
system or the decarbonization system.

6. The method of claim 2, wherein at least one layer of liquid distributor is provided
for washing with the process water, and the ammonia-containing solution produced returns
to the desulfurization system or the decarbonization system.

7. The method of claim 1, wherein between washing with the acidic ammonium sulfate
solution and acidic water washing liquid of ammonia-based desulfurization, equipment or
components that only allow gases to pass through are provided.

8. The method of claim 2, wherein between washing with the acidic ammonium sulfate
solution of ammonia-based desulfurization and washing with the process water, equipment
or components that only allow gases to pass through are provided.

9. The method of claim 1, wherein the ammonia-based decarbonization absorption
circulating section includes multi-stage absorption, and little or no ammonia is added in the
final stage to reduce NHj3 escape after decarbonization.

10. The method of claim 1, wherein the NH3 content in the gas after being treated in
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the absorption circulating section of the ammonia-based decarbonization functional zone is
200 to 2000 ppm; preferably 400 to 1500 ppm; and more preferably 500 to 1000 ppm.

11. The method of claim 1, wherein the NH3 content in the gas after being treated in
the ammonia escape control functional zone is 0 to 30 ppm; preferably 0 to 20 ppm; and
more preferably 0 to 10 ppm.

12. The method of claim 1, wherein the acidic ammonium sulfate solution has a pH of 4.5-
6.5, and an ammonium sulfate concentration of 10-38wt%; and the acidic water washing liquid
has a pH of 3-7 and an ammonium sulfate concentration of 0-5wt%.

13. The method of claim 1, wherein the temperature of the acidic ammonium sulfate
solution and the acidic water washing liquid is 20-60°C, preferably 30-50°C.

14. The method of claim 1, wherein the acidic ammonium sulfate solution and the acidic
water washing liquid are cooled by a cooler before washing, and then washed.

15. The method of claim 2, wherein the liquid-gas ratio for the process water is generally 5-
25, preferably 10-20, and more preferably 12-18.

16. The method of claim 1, wherein the liquid-gas ratio for the acidic ammonium sulfate
solution generally adopts 1-20, preferably 1-10, and more preferably 2-6.

17. The method of claim 1, wherein the liquid-gas ratio for the acidic water washing liquid
generally adopts 1-15, preferably 1-8, and more preferably 2-5.

18. The method of claim 1, wherein a gas-liquid contact component is provided in the
acidic ammonium sulfate solution and acidic water washing liquid washer, and the gas-
liquid contact component is preferably packing.

19. The method of claim 2, wherein the pH of the process water, the washing condensate
water, and the acidic water washing liquid drainage is not greater than 8.

20. The method of claim 2, wherein an acid is added to the process water, the washing
condensate water, and the acidic water washing liquid drainage to adjust pH, and preferably the
acid is sulfuric acid.

21. A device for controlling ammonia escape in an ammonia-based desulfurization and
decarbonization system, wherein the device includes an ammonia-based desulfurization
functional zone, an ammonia-based decarbonization functional zone, and an ammonia
escape control functional zone,

wherein,

the ammonia-based desulfurization functional zone includes a washing cooling section,
an absorption circulating section, and a particle control section,

the ammonia-based decarbonization functional zone includes a cooling section, and an

absorption circulating section,
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the ammonia escape control functional zone includes an ammonia escape control
section including an acidic ammonium sulfate solution washing system and an acidic water
washing system,

the absorption circulating section of the ammonia-based desulfurization functional
zone is connected to the acidic ammonium sulfate solution washing system of the ammonia
escape control functional zone through pipes, and the particle control section of the
ammonia-based desulfurization functional zone or the cooling section of the ammonia-
based decarbonization functional zone is connected to the acidic water washing system of
the ammonia escape control functional zone through pipes.

22. The device of claim 21, wherein the ammonia-based decarbonization absorption
circulating section includes multi-stage absorption, and little or no ammonia is added in the
final stage to reduce NHj3 escape after decarbonization.

23. The device of claim 21, wherein the ammonia escape control functional zone can
also include a process water washing system, the process water washing system is
connected to a process water pipe through pipes, and is connected to the absorption
circulating section of the ammonia-based desulfurization device or the absorption
circulating section of the ammonia-based decarbonization device.

24. The device of claim 21, wherein the sections of the ammonia-based desulfurization
functional zone and the ammonia-based decarbonization functional zone is capable of
combining into one tower or multiple towers, and equipments/components allowing gases
to pass through are provided between the sections.

25. The device of claim 21, wherein the particle control section of the ammonia-based
desulfurization functional zone can partially or completely realize the function of the

cooling section of the ammonia-based decarbonization functional zone.
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