METHOD AND SYSTEM FOR CAPTURING AND PURIFYING CARBON
DIOXIDE

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority to Chinese Patent Application No. 202210577489.3, filed

on May 25, 2022, the entire content of which is incorporated herein by reference.

TECHNICAL FIELD
[0002] The present invention relates to the field of carbon dioxide capture technologies, and in

particular, to a method and a system for capturing and purifying carbon dioxide.

BACKGROUND

[0003] Carbon dioxide (CO») is the main component of gas at room temperature, and a problem
of global warming caused by the continuous increase in CO> emissions has gradually attracted
people’s attention. Carbon dioxide capture technologies have the effect of reducing CO> emissions
and effectively reducing a concentration of CO- in the atmosphere, and therefore, the development
of efficient carbon dioxide capture technologies have also gradually become a research hotspot for
people.

[0004] At present, various carbon capture technologies at home and abroad are emerging in an
endless stream, for example, Carbon Engineering (CE) Company develops an air direct capture
process with KOH and Ca(OH), as a core absorption solution. When this process is adopted, a
KOH solution is used to absorb CO» in the air, so as to convert the KOH solution into a KoCO3
solution, and then a Ca(OH): solution is used to regenerate the KOH solution. In a regeneration
process, the Ca (OH), solution forms CaCOs3 solids, and the CaCOs3 solids are calcined at high
temperature to obtain CaO, and then the CaO reacts with H>O to obtain the Ca(OH): solution. In
the above processes, an inorganic base with stable properties is used as an absorbent, and therefore,
the above processes run stably and continuously, and the above processes may be applied on a
large scale. However, the whole process flow is relatively long, during the calcination of the
CaCO:s solids, energy consumption of the regeneration process is relatively high, and there is a
problem of secondary carbon emissions.

[0005] Electrolyzing a carbonate solution by using an electrolysis process may realize
regeneration of an alkaline solution, and captured COz is electrolyzed out of the carbonate solution,

which to some extent replace the use of a Ca(OH); solution for regeneration of an alkaline solution
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and a calcination process of CaCOs solids. However, when the carbonate solution entering an
electrolytic cell contains unreacted hydroxide (OH"), the hydroxide discharges first during a
process of an electrolysis until the OH™ is completely consumed, and then carbonate is further
electrolyzed. Electrolyzing the carbonate to generate CO; is accomplished in the following two
steps: converting the carbonate (CO3%) into bicarbonate (HCO5") first, and then electrolyzing the
HCOs™ to the COs. Therefore, when the carbonate solution entering the electrolytic cell do not
contain OH™ but containing a certain amount of HCOj3", power consumption of the electrolytic cell
during the process of the electrolysis can be reduced to a certain extent. However, when CO; is
captured by using an alkaline solution, especially when the air with a relatively low concentration
of COz is captured, using OH™ with a relatively high concentration may ensure a rate of capturing
COz. Therefore, in order to obtain a relatively high rate of capturing CO, the absorbed carbonate
solution usually contains a certain amount of OH", so as to increase the power consumption of the
electrolytic cell.

[0006] In addition, theoretically, gaseous CO; generated during an electrolysis carries about 30%
of Oy, if a conventional CO; separation tower is used to separate O2 and CO, under the premise
of obtaining a product of liquid CO; with a relatively high purity, with the discharge of the O2
through a top of the tower, a large amount of CO; is carried out, which cannot guarantee a recovery
rate of CO; and reduces an overall capture rate of a system.

[0007] Therefore, researching and developing a method and a system for capturing and purifying
carbon dioxide is of great significance for satisfying both a relatively high rate of capturing CO»

and a relatively low energy consumption.

SUMMARY

[0008] Main purposes of the present invention are to provide a method and a system for capturing
and purifying carbon dioxide, so as to solve problems in that a rate of capturing COx is relatively
low and energy consumption is relatively high during the existing process of capturing and
purifying carbon dioxide.

[0009] In order to achieve the above purposes, an aspect of the present invention provides a
method for capturing and purifying carbon dioxide, including a carbon dioxide capture, an
electrolysis and a carbon dioxide separation. The method for capturing and purifying the carbon
dioxide includes: performing a process of the carbon dioxide capture on a target component by
using an alkaline solution to obtain an aqueous solution containing carbonate; mixing at least a
part of the aqueous solution containing carbonate with crude oxygen containing carbon dioxide

generated during a process of the carbon dioxide separation to obtain oxygen and an aqueous
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solution containing bicarbonate, a volume content of carbon dioxide in the crude oxygen
containing carbon dioxide ranging from 9.7 vol% to 35.9 vol%; performing the electrolysis on the
aqueous solution containing bicarbonate to obtain anode gas, hydrogen and a regenerated alkaline
solution; and performing a step of the carbon dioxide separation on the anode gas to obtain liquid
carbon dioxide and crude oxygen containing carbon dioxide, a content of carbon dioxide in the
liquid carbon dioxide ranging from 98.5 vol% to 99.9999 vol%, and a content of carbon dioxide
in the crude oxygen accounting for 5% to 40% of a content of carbon dioxide in the anode gas.
[0010] Further, the process of the carbon dioxide separation is performed in a carbon dioxide
separation device, an operating pressure ranges from 10 bar to 60 bar, a mole reflux ratio ranges
from 1.4: 1 to 4: 1, and a ratio of an amount of substance of gaseous phase extracts at a top of a
tower to an amount of substance of feedstock ranges from 0.25: 1 to 0.45: 1.

[0011] Further, a temperature during a process of the electrolysis ranges from 50°C to 200°C, a
voltage of an electrolytic cell ranges from 1.1 V to 4 V, a current density ranges from 500 A/m? to
8000 A/m?, and in the aqueous solution containing bicarbonate, a ratio of an amount of substance
of bicarbonate to a total amount of substance of carbonate and bicarbonate ranges from 0.1: 1 to
1: 1.

[0012] Further, before the process of the carbon dioxide separation, the method for capturing and
purifying the carbon dioxide further includes: sequentially performing a cooling process, a gas-
liquid separation process, a compression process, and a drying and dewatering process on the
anode gas.

[0013] Further, after the cooling process, a temperature of the anode gas is reduced to between
5°C and 50°C.

[0014] Further, between the compression process and the separation process, the method for
capturing and purifying the carbon dioxide includes: performing heat exchange between the anode
gas subjected to the compression process and the crude oxygen.

[0015] Further, a concentration of hydroxide in the alkaline solution ranges from 0.2 mol/L to 3
mol/L, and in the aqueous solution containing carbonate, a concentration of carbonate ranges from
0.2 mol/L to 6 mol/L, a concentration of hydroxide ranges from 0 mol/L to 1.5 mol/L, and a pH
value ranges from 10 to 14; and preferably, the concentration of the hydroxide in the alkaline
solution ranges from 0.5 mol/L to 1.5 mol/L, and in the aqueous solution containing carbonate, the
concentration of the carbonate ranges from 0.5 mol/L to 5.5 mol/L, and the concentration of the

hydroxide ranges from 0 mol/L to 1 mol/L, and the pH value ranges from 12 to 14.



[0016] Further, the method for capturing and purifying the carbon dioxide further includes:
returning at least a part of the aqueous solution containing carbonate and/or the regenerated
alkaline solution to the process of the carbon dioxide capture for reuse.

[0017] In order to achieve the above purposes, another aspect of the present invention further
provides a system for capturing and purifying carbon dioxide. The system for capturing and
purifying the carbon dioxide includes: a carbon dioxide capture device, an oxygen purification
device, an electrolysis unit, a carbon dioxide separation device, a carbon dioxide detection device,
and a valve. The carbon dioxide capture device is provided with an alkaline solution inlet, a target
component inlet, and a discharging port for an aqueous solution containing carbonate; the oxygen
purification device is provided with a crude oxygen inlet, an inlet for an aqueous solution
containing carbonate, a discharging port for an aqueous solution containing bicarbonate, and an
oxygen discharging port, and the inlet for an aqueous solution containing carbonate is in
communication with the discharging port for an aqueous solution containing carbonate; the
electrolysis unit is provided with an inlet for an aqueous solution containing bicarbonate, an anode
gas discharging port, a hydrogen outlet, and a regenerated alkaline solution discharging port, and
the inlet for an aqueous solution containing bicarbonate is in communication with the discharging
port for an aqueous solution containing bicarbonate through a delivery pipeline for an aqueous
solution containing bicarbonate; the carbon dioxide separation device is provided with an anode
gas inlet, a liquid carbon dioxide outlet, and a crude oxygen outlet, the anode gas inlet is in
communication with the anode gas discharging port through an anode gas delivery pipeline, and
the crude oxygen outlet is in communication with the crude oxygen inlet through a crude oxygen
delivery pipeline; the carbon dioxide detection device is configured to determine a content of
carbon dioxide in the crude oxygen delivery pipeline; and the valve is disposed on the crude
oxygen delivery pipeline and is located downstream of the carbon dioxide detection device, the
valve is disposed in linkage with the carbon dioxide detection device, and when the content of the
carbon dioxide reaches a preset value, the valve is opened.

[0018] Further, the carbon dioxide capture device is further provided with a reflux port, and the
reflux port is disposed in communication with the regenerated alkaline solution discharging port
and the discharging port for an aqueous solution containing carbonate, respectively.

[0019] Further, the reflux port is in communication with the regenerated alkaline solution
discharging port through a regenerated alkaline solution delivery pipeline, and along a flow
direction of a material, the system for capturing and purifying the carbon dioxide further includes
a buffer tank and a first cooling device that are sequentially disposed on the regenerated alkaline

solution delivery pipeline.



[0020] Further, the buffer tank is provided with an external supplemental water inlet for adjusting
a concentration of a regenerated alkaline solution in the buffer tank.

[0021] Further, along a flow direction of a material in the anode gas delivery pipeline, the system
for capturing and purifying the carbon dioxide further includes a second cooling device, a gas-
liquid separation device, a compression device, and a drying and dewatering device that are
sequentially disposed on the anode gas delivery pipeline.

[0022] Further, the system for capturing and purifying the carbon dioxide further includes a heat
exchange device, and the heat exchange device is disposed on the anode gas delivery pipeline
between the compression device and the carbon dioxide separation device for exchanging heat
between anode gas and crude oxygen.

[0023] Further, the system for capturing and purifying the carbon dioxide further includes a liquid
flow regulation device at a bottom of a tower, and the liquid flow regulation device at the bottom
of the tower is disposed on the delivery pipeline for an aqueous solution containing bicarbonate.
[0024] Further, the compression device is a compressor with stages between 2 and 8, and a third
cooling device and a liquid separation device are disposed between each stage of the compressor.
[0025] Further, a condenser and a re-boiler are further disposed inside the carbon dioxide
separation device to adjust a content of carbon dioxide in the crude oxygen delivery pipeline.
[0026] The technical solutions of the present invention are applied, so that the carbon dioxide in
the target component is converted into the aqueous solution containing carbonate during the
process of the carbon dioxide capture, the carbon dioxide in the crude oxygen is absorbed by using
the aqueous solution containing carbonate, so as to convert the aqueous solution containing
carbonate into the aqueous solution containing bicarbonate, and then the process of the electrolysis
is performed. Compared with a process of an electrolysis with carbonate as an electrolyte, the
aqueous solution containing bicarbonate is used as an electrolyte in the present application, so that
energy consumption during a process of an electrolysis can be effectively reduced. During the
process of the carbon dioxide separation, a proportion of the content of the carbon dioxide in an
obtained product of the crude oxygen to the content of the carbon dioxide in the anode gas, and a
dry basis content of the oxygen and the carbon dioxide in the crude oxygen are defined within
specific ranges, and the carbon dioxide herein is absorbed by the aqueous solution containing
carbonate obtained during the process of the carbon dioxide capture, so that after the processes are
implemented, liquid carbon dioxide with a high purity can be obtained, so as to maintain a recovery
rate of carbon dioxide at a relatively high level, and a process cost during a process of capturing

and purifying carbon dioxide is reduced, so as to increase its overall economic benefits.



BRIEF DESCRIPTION OF THE DRAWINGS
[0027] The accompanying drawings, attached to the specification and forming a part of the
present application, are configured to provide a further understanding of the present invention, and
schematic embodiments of the present invention and the description thereof are configured to
explain the present invention and do not constitute an improper limitation on the present invention.
In the accompanying drawings:
[0028] FIG. 1 is a schematic structural diagram of a system for capturing and purifying carbon
dioxide according to an embodiment 1 of the present application.
[0029] The above accompanying drawings include the following reference numerals:
[0030] 100. carbon dioxide capture device; 101. alkaline solution inlet; 102. target component
inlet; 103. discharging port for an aqueous solution containing carbonate; and 104. reflux port;
[0031] 200. oxygen purification device; 201. crude oxygen inlet; 202. inlet for an aqueous
solution containing carbonate; 203. discharging port for an aqueous solution containing
bicarbonate; 204. oxygen discharging port; and 210. liquid flow regulation device at a bottom of
a tower;
[0032] 300. electrolysis unit; 301. inlet for an aqueous solution containing bicarbonate; 302.
anode gas discharging port; 303. hydrogen outlet; 304. regenerated alkaline solution discharging
port; 310. buffer tank; 311. external supplemental water inlet; 320. first cooling device; 330.
second cooling device; 340. gas-liquid separation device; 350. compression device; and 360.
drying and dewatering device;
[0033] 400. carbon dioxide separation device; 401. anode gas inlet; 402. liquid carbon dioxide
outlet; and 403. crude oxygen outlet; and

[0034] 500. carbon dioxide detection device.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0035] It should be noted that the embodiments in the present application or features in the
embodiments may be combined with each other without conflict. The present invention is
described in detail below with reference to the embodiments.

[0036] As described in the background, during the existing process of capturing and utilizing
carbon dioxide, in order to improve a yield of liquid carbon dioxide, it is usually necessary to
increase a proportion of liquid carbon dioxide to anode gas as much as possible during a process
of carbon dioxide separation, which results in a large amount of carbon dioxide in crude oxygen
obtained after the carbon dioxide separation, and thus the carbon dioxide cannot be used effectively,

thereby resulting in a low rate of capturing and utilizing carbon dioxide. In addition, energy
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consumption of the whole process is also relatively high. In order to solve the above technical
problems, the present application provides a method for capturing and purifying carbon dioxide,
including a carbon dioxide capture, an electrolysis and a carbon dioxide separation. The method
for capturing and purifying the carbon dioxide includes: performing a process of the carbon
dioxide capture on a target component by using an alkaline solution to obtain an aqueous solution
containing carbonate; mixing at least a part of the aqueous solution containing carbonate with
crude oxygen containing carbon dioxide generated during a step of the carbon dioxide separation
to obtain oxygen and an aqueous solution containing bicarbonate, a volume content of carbon
dioxide in the crude oxygen containing carbon dioxide ranging from 9.7 vol% to 35.9 vol%;
performing the electrolysis on the aqueous solution containing bicarbonate to obtain anode gas,
hydrogen and a regenerated alkaline solution; and performing the step of the carbon dioxide
separation on the anode gas to obtain liquid carbon dioxide and crude oxygen containing carbon
dioxide, a content of carbon dioxide in the liquid carbon dioxide ranging from 98.5 vol% to
99.9999 vol%, and a content of carbon dioxide in the crude oxygen accounting for 5% to 40% of
a content of carbon dioxide in the anode gas.

[0037] The carbon dioxide in the target component is converted into the aqueous solution
containing carbonate during the process of the carbon dioxide capture, the carbon dioxide in the
crude oxygen is absorbed by using the aqueous solution containing carbonate, so as to convert the
aqueous solution containing carbonate into the aqueous solution containing bicarbonate, and then
the process of the electrolysis is performed. Compared with a process of an electrolysis with
carbonate as an electrolyte, the aqueous solution containing bicarbonate is used as an electrolyte
in the present application, so that energy consumption during a process of an electrolysis can be
effectively reduced.

[0038] During the process of the carbon dioxide separation, a proportion of the content of the
carbon dioxide in an obtained product of the crude oxygen to the content of the carbon dioxide in
the anode gas, and the content of the oxygen and the carbon dioxide in the crude oxygen are defined
within specific ranges, and the carbon dioxide herein is absorbed by the aqueous solution
containing carbonate obtained during the process of carbon dioxide capture, so as to obtain the
aqueous solution containing bicarbonate (CO3>+COx+H,0—HCO3"), so that after the processes
are implemented, liquid carbon dioxide with a high purity can be obtained, so as to maintain a
recovery rate of carbon dioxide at a relatively high level, and a process cost during a process of
capturing and purifying carbon dioxide can be reduced, so as to increase its overall economic

benefits .



[0039] In a preferred embodiment, the process of the carbon dioxide separation is performed in
a carbon dioxide separation device, an operating pressure ranges from 10 bar to 60 bar, a mole
reflux ratio ranges from 1.4: 1 to 4: 1, and a ratio of an amount of substance of gaseous phase
extracts at a top of a tower to an amount of substance of feedstock ranges from 0.25: 1 to 0.45: 1.
The operating pressure, the mole reflux ratio, and the ratio of the amount of substance of the
gaseous phase extracts at the top of the tower to the amount of substance of the feedstock include
but are not limited to the above ranges. Limiting the operating pressure, the mole reflux ratio, and
the ratio of the amount of substance of the gaseous phase extracts at the top of the tower to the
amount of substance of the feedstock within the above ranges can further improve efficiency of
separating carbon dioxide and oxygen, and also improves a recovery rate of carbon dioxide during
the whole process, thereby increasing economic benefits.

[0040] During the process of the electrolysis, a reaction of an anode is that carbonate ions in the
aqueous solution containing bicarbonate discharge to generate the crude oxygen containing carbon
dioxide, a reaction of a cathode is that water molecules gain electrons to generate the hydrogen,
and reaction equations are as follows: HCO3—CO21+021+H" (the anode), and H,O—H>1+OH"
(the cathode). The hydroxide ions generated at the cathode and metal ions in a system form the
regenerated alkaline solution.

[0041] In a preferred embodiment, a temperature during a process of the electrolysis ranges from
50°C to 200°C, a voltage of an electrolytic cell ranges from 1.1 V to 4 V, a current density ranges
from 500 A/m?* to 8000 A/m?, and in the aqueous solution containing bicarbonate, a ratio of an
amount of substance of bicarbonate to a total amount of substance of carbonate and bicarbonate
ranges from 0.1: 1 to 1: 1. The temperature during the process of the electrolysis, the voltage of
the electrolytic cell, and the current density include but are not limited to the above ranges.
Limiting the temperature during the process of the electrolysis, the voltage of the electrolytic cell,
and the current density within the above ranges is beneficial for improving a rate of an
electrochemical reaction and current efficiency, and is also beneficial for reducing energy
consumption of an electrolytic cell, thereby reducing a process cost during a process of capturing
and purifying carbon dioxide.

[0042] In a preferred embodiment, before the process of the carbon dioxide separation, the
method for capturing and purifying the carbon dioxide further includes: sequentially performing a
cooling process, a gas-liquid separation process, a compression process, and a drying and
dewatering process on the anode gas. Adopting the above treatment methods for the anode gas in

sequence is beneficial for providing a good prerequisite for a process of a subsequent carbon



dioxide separation, which is convenient to perform the process of the carbon dioxide separation,
thereby improving separation efficiency of carbon dioxide.

[0043] In a preferred embodiment, after the cooling process, a temperature of the anode gas is
reduced to between 5°C and 50°C. The temperature of the anode gas includes but is not limited to
the above range. Limiting the temperature of the anode gas within the above range is beneficial
for improving effect of separating anode gas and water vapor during a process of a subsequent gas-
liquid separation, and further improves efficiency of a subsequent carbon dioxide separation and
a purity of products of liquid carbon dioxide.

[0044] In a preferred embodiment, condensed water and mixed gas containing oxygen, carbon
dioxide and water vapor are obtained during the process of the gas-liquid separation, and a mole
content of a dry basis of oxygen in the mixed gas ranges from 15% to 45%.

[0045] In a preferred embodiment, between the compression process and the separation process,
the method for capturing and purifying the carbon dioxide includes: performing heat exchange
between the anode gas subjected to the compression process and the crude oxygen. Adopting the
above heat exchange mode is beneficial for reducing a temperature of anode gas, and can also heat
crude oxygen, so as to improve a rate of absorbing carbon dioxide during a purification process.
[0046] In an optional embodiment, a concentration of hydroxide in the alkaline solution ranges
from 0.2 mol/L to 3 mol/L, and in the aqueous solution containing carbonate, a concentration of
carbonate ranges from 0.2 mol/L to 6 mol/L, a concentration of hydroxide ranges from 0 mol/L to
1.5 mol/L, and a pH value ranges from 10 to 14. Compared with other ranges, limiting the
concentration of the hydroxide in the alkaline solution within the above range is beneficial for
improving efficiency of capturing carbon dioxide gas by an alkaline solution; and compared with
other ranges, in the aqueous solution containing carbonate, limiting the concentration of the
carbonate, the concentration of the hydroxide, and the pH value within the above ranges is
beneficial for improving a content of bicarbonate in an aqueous solution containing bicarbonate
obtained during a purification process, thereby facilitating providing a more sufficient source of
an electrolyte for a process of an electrolysis, thus further facilitating reducing energy consumption.
[0047] Preferably, the concentration of the hydroxide in the alkaline solution ranges from 0.5
mol/L to 1.5 mol/L, and in the aqueous solution containing carbonate, the concentration of the
carbonate ranges from 0.5 mol/L to 5.5 mol/L, the concentration of the hydroxide ranges from 0
mol/L to 1 mol/L, and the pH value ranges from 12 to 14. Compared with other ranges, limiting
the concentration of the hydroxide in the alkaline solution within the above range is beneficial for
further improving efficiency of capturing carbon dioxide by an alkaline solution; and compared

with other ranges, in the aqueous solution containing carbonate, limiting the concentration of the
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carbonate, the concentration of the hydroxide, the ratio of the amount of substance of the
bicarbonate to the total amount of substance of the carbonate and the bicarbonate, and the pH value
within the above ranges, on the one hand, is beneficial for further improving efficiency of capturing
carbon dioxide by an alkaline solution, and on the other hand, is also beneficial for further
improving a content of bicarbonate in an aqueous solution containing bicarbonate obtained during
a purification process, thereby further facilitating providing a more sufficient source of an
electrolyte for a process of an electrolysis, thus still further facilitating reducing energy
consumption.

[0048] In a preferred embodiment, the method for capturing and purifying the carbon dioxide
further includes: returning at least a part of the aqueous solution containing carbonate and/or the
regenerated alkaline solution to the process of the carbon dioxide capture for reuse. Adopting the
above reuse method is beneficial for improving efficiency of capturing a target component during
a process of a carbon dioxide capture, so as to facilitate improving a generation rate of an aqueous
solution containing carbonate obtained after capture, and is also beneficial for further reducing a
process cost.

[0049] A second aspect of the present application further provides a system for capturing and
purifying carbon dioxide, and the system for capturing and purifying the carbon dioxide includes
a carbon dioxide capture device 100, an oxygen purification device 200, an electrolysis unit 300,
a carbon dioxide separation device 400, a carbon dioxide detection device 500, and a valve 600.
The carbon dioxide capture device 100 is provided with an alkaline solution inlet 101, a target
component inlet 102, and a discharging port 103 for an aqueous solution containing carbonate; the
oxygen purification device 200 is provided with a crude oxygen inlet 201, an inlet 202 for an
aqueous solution containing carbonate, a discharging port 203 for an aqueous solution containing
bicarbonate, and an oxygen discharging port 204, and the inlet 202 for an aqueous solution
containing carbonate is in communication with the discharging port 103 for an aqueous solution
containing carbonate; the electrolysis unit 300 is provided with an inlet 301 for an aqueous solution
containing bicarbonate, an anode gas discharging port 302, a hydrogen outlet 303, and a
regenerated alkaline solution discharging port 304, and the inlet 301 for an aqueous solution
containing bicarbonate is in communication with the discharging port 203 for an aqueous solution
containing bicarbonate through a delivery pipeline for an aqueous solution containing bicarbonate;
the carbon dioxide separation device 400 is provided with an anode gas inlet 401, a liquid carbon
dioxide outlet 402, and a crude oxygen outlet 403, the anode gas inlet 401 is in communication
with the anode gas discharging port 302 through an anode gas delivery pipeline, and the crude

oxygen outlet 403 is in communication with the crude oxygen inlet 201 through a crude oxygen
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delivery pipeline; the carbon dioxide detection device 500 is configured to determine a content of
carbon dioxide in the crude oxygen delivery pipeline; and the valve 600 is disposed on the crude
oxygen delivery pipeline and is located downstream of the carbon dioxide detection device 500,
the valve 600 is disposed in linkage with the carbon dioxide detection device 500, and when the
content of the carbon dioxide reaches a preset value, the valve 600 is opened.

[0050] Carbon dioxide in a target component can be captured by an alkaline solution to obtain
an aqueous solution containing carbonate, and the generated aqueous solution containing
carbonate may be discharged through the discharging port 103 for an aqueous solution containing
carbonate. The oxygen purification device 200 is provided with the crude oxygen inlet 201, crude
oxygen containing carbon dioxide enters the oxygen purification device 200 through the crude
oxygen inlet 201, so as to obtain oxygen, and the obtained oxygen is discharged through the oxygen
discharging port 204, while the crude oxygen containing carbon dioxide reacts with a part of the
aqueous solution containing carbonate to generate an aqueous solution containing bicarbonate, and
the aqueous solution containing bicarbonate is discharged through the discharging port 203 for an
aqueous solution containing bicarbonate. The above discharged aqueous solution containing
bicarbonate is sent to the electrolysis unit 300 through the delivery pipeline for an aqueous solution
containing bicarbonate and participates in a process of an electrolysis as an electrolyte, anode gas
obtained after the electrolysis is discharged through the anode gas discharging port 302 and is sent
to the anode gas inlet 401 through the anode gas delivery pipeline, hydrogen obtained after the
electrolysis is discharged through the hydrogen outlet 303, and a regenerated alkaline solution
obtained after the electrolysis is discharged through the regenerated alkaline solution discharging
port 304. In order to detect the content of the carbon dioxide in products of the crude oxygen, the
above system is further provided with the carbon dioxide detection device 500. The valve 600 is
disposed at a specific position mentioned above, so that when the content of the carbon dioxide
reaches the preset value, the valve 600 is opened, so as to allow the crude oxygen to enter the
oxygen purification device 200 provided with the crude oxygen inlet 403.

[0051] The carbon dioxide in the target component can be converted into the aqueous solution
containing carbonate by using the carbon dioxide capture device 100. The carbon dioxide in the
crude oxygen is absorbed by the aqueous solution containing carbonate by using the oxygen
purification device 200, so as to convert the aqueous solution containing carbonate into the
aqueous solution containing bicarbonate, and then a process of an electrolysis is performed by
using the electrolysis unit 300. Compared with a process of an electrolysis with carbonate as an

electrolyte, during the process of the electrolysis performed in the electrolysis unit 300 of the
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present application, the aqueous solution containing bicarbonate is used as an electrolyte, so that
energy consumption during a process of an electrolysis can be effectively reduced.

[0052] Disposal of the carbon dioxide detection device 500 and the valve 600 can limit the
content of the carbon dioxide in the obtained products of the crude oxygen within the preset value,
the carbon dioxide herein is absorbed by the aqueous solution containing carbonate obtained
during the process of the carbon dioxide capture to obtain the aqueous solution containing
bicarbonate (CO3;*+COx+H20—HCOs3"), so that after the processes are implemented, liquid
carbon dioxide with a high purity can be obtained, so as to maintain a recovery rate of carbon
dioxide at a relatively high level, and a cost of a system for capturing and purifying carbon dioxide
can be reduced, thereby increasing its overall economic benefits .

[0053] Ina preferred embodiment, the carbon dioxide capture device 100 is further provided with
a reflux port 104, and the reflux port 104 is disposed in communication with the regenerated
alkaline solution discharging port 304 and the discharging port 100 for an aqueous solution
containing carbonate, respectively. Adopting the above reflux port 104 is beneficial for improving
a rate of absorbing a target component during a process of a carbon dioxide capture, so as to
facilitate improving a generation rate of an aqueous solution containing carbonate after capture,
and is also beneficial for further reducing a process cost.

[0054] In a preferred embodiment, the reflux port 104 is in communication with the regenerated
alkaline solution discharging port 304 through a regenerated alkaline solution delivery pipeline,
and along a flow direction of a material, the system for capturing and purifying the carbon dioxide
further includes a buffer tank 310 and a first cooling device 320 that are sequentially disposed on
the regenerated alkaline solution delivery pipeline. Disposal of the buffer tank 310 and the first
cooling device 320 is beneficial for controlling changes in a pH value and a temperature of an
alkaline solution within a relatively small fluctuation range, suppresses excessive fluctuations in
physical and chemical properties of an alkaline solution caused by backflow of a regenerated
alkaline solution, and is beneficial for improving a rate of absorbing carbon dioxide gas in the air
by an alkaline solution, thereby facilitating improving a generation rate of carbonate in an aqueous
solution containing carbonate.

[0055] In order to further suppress excessive fluctuations in physical and chemical properties of
an alkaline solution caused by backflow of a regenerated alkaline solution, and further improve a
rate of absorbing carbon dioxide gas in the air by an alkaline solution, in a preferred embodiment,
the buffer tank 310 is provided with an external supplemental water inlet 311 for adjusting a

concentration of a regenerated alkaline solution in the buffer tank.
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[0056] In a preferred embodiment, along a flow direction of a material in the anode gas delivery
pipeline, the system for capturing and purifying the carbon dioxide further includes a second
cooling device 330, a gas-liquid separation device 340, a compression device 350, and a drying
and dewatering device 360 that are sequentially disposed on the anode gas delivery pipeline. The
second cooling device 330 is configured to perform a cooling treatment on anode gas, the gas-
liquid separation device 340 is configured to perform a gas-liquid separation treatment on anode
gas, the compression device 350 is configured to decrease a volume of anode gas, and the drying
and dewatering device 360 is configured to perform drying on anode gas. Adopting the above
treatments for anode gas in sequence is beneficial for providing a good prerequisite for a process
of a subsequent carbon dioxide separation, which is convenient to perform the process of the
carbon dioxide separation, thereby improving separation efficiency of carbon dioxide.

[0057] In a preferred embodiment, the system for capturing and purifying the carbon dioxide
further includes a heat exchange device, and the heat exchange device is disposed on the anode
gas delivery pipeline between the compression device 350 and the carbon dioxide separation
device 400 for exchanging heat between anode gas and crude oxygen. Using the heat exchange
device to exchange heat between the anode gas and the crude oxygen is beneficial for reducing a
temperature of anode gas, and can also heat crude oxygen, so as to improve a rate of absorbing
carbon dioxide during a purification process.

[0058] In a preferred embodiment, the system for capturing and purifying the carbon dioxide
further includes a liquid flow regulation device 210 at a bottom of a tower, and the liquid flow
regulation device 210 at the bottom of the tower is disposed on the delivery pipeline for an aqueous
solution containing bicarbonate. Disposal of the liquid flow regulation device 210 at the bottom of
the tower is beneficial for adjusting and controlling flow of an aqueous solution containing
bicarbonate within an appropriate range, thereby facilitating controlling a process of an electrolysis
in the electrolysis unit 300.

[0059] A pressure of anode gas can be increased gradually by using a compressor with multi-
stages, and compared with a compressor with single-stage, an air force generated by the
compressor with multi-stages is higher, and compression efficiency is also higher, so that the
compressor with multi-stages is more suitable for large-scale operations and continuous
applications. In a preferred embodiment, the compression device 350 is a compressor with stages
between 2 and 8, and a third cooling device and a liquid separation device are disposed between
each stage of the compressor. An amount of stages of the compression device 350 includes but is
not limited to the above range, and limiting the amount of stages of the compression device 350

within the above range is beneficial for improving a pressure of anode gas, and also reduces energy
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consumption. Disposing the third cooling device between each stage of the compressor is
beneficial for liquefying compressed anode gas and generating more liquid carbon dioxide, and
using the liquid separation device is beneficial for separating more liquefied liquid carbon dioxide.
[0060] In a preferred embodiment, a condenser and a re-boiler are further disposed inside the
carbon dioxide separation device 400 to adjust a content of carbon dioxide in the crude oxygen
delivery pipeline.

[0061] The present application may be further described in detail below with reference to the
specific embodiments, and these embodiments cannot be interpreted to limit the protection scope
of the present application.

[0062] It should be noted that, in the present application, the unit kWh/kgCO> represents: an
amount of electricity (kWh) consumed by an electrolytic cell for every 1 kg of CO; produced
during a process of an electrolysis; and a recovery rate of carbon dioxide refers to: a weight
percentage of a weight of liquid carbon dioxide obtained during a process of a carbon dioxide
separation to a total weight of carbon dioxide captured during a process of a carbon dioxide capture.
[0063] Embodiment 1

[0064] In this embodiment, a target component is the air, an alkaline solution is a potassium
hydroxide solution, and a concentration of hydroxide in the alkaline solution is 1 mol/L.

[0065] A method for capturing and purifying carbon dioxide includes:

[0066] in a carbon dioxide capture device 100, carbon dioxide in the air is captured by using
KOH solution, i.e., a process of a carbon dioxide capture is performed, so as to obtain an aqueous
solution containing carbonate; the alkaline solution is sent into the carbon dioxide capture device
100 through an alkaline solution inlet 101, the air is sent into the carbon dioxide capture device
100 through a target component 102, and in the obtained aqueous solution containing carbonate, a
concentration of carbonate is 4.2 mol/L, a concentration of hydroxide is 0.8 mol/L, and a pH value
is 13.8;

[0067] at least a part of the above aqueous solution containing carbonate is mixed with crude
oxygen generated during a process of a carbon dioxide separation to obtain oxygen and an aqueous
solution containing bicarbonate, and in the aqueous solution containing bicarbonate, a ratio of an
amount of substance of bicarbonate to a total amount of substance of carbonate and bicarbonate is
0.2: 1;

[0068] a volume content of carbon dioxide in the crude oxygen containing carbon dioxide is 26.8
vol%; a content of carbon dioxide in the crude oxygen is determined by adopting a carbon dioxide
detection device 500; and the aqueous solution containing bicarbonate above obtained is sent into

an electrolysis unit 300 through a delivery pipeline for an aqueous solution containing bicarbonate,
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and flow of the aqueous solution containing bicarbonate is adjusted by using a liquid flow
regulation device 210 at a bottom of a tower;

[0069] the aqueous solution containing bicarbonate above obtained is electrolyzed in the
electrolysis unit 300, a temperature during a process of an electrolysis is set to 60°C, a voltage of
an electrolytic cell is set to 4 V, a current density is set to 8000 A/m?, and anode gas, hydrogen and
a regenerated alkaline solution are obtained after the electrolysis; and the above regenerated
alkaline solution is returned to the process of the carbon dioxide capture for reuse, the regenerated
alkaline solution sequentially passes through a buffer tank 310 and a first cooling device 320
through a regenerated alkaline solution delivery pipeline, and water is sent into the buffer tank 310
through an external supplemental water inlet 311, so as to control a concentration of hydroxide in
the alkaline solution to maintain 1 mol/L;

[0070] the anode gas is cooled by adopting a second cooling device 350, so that a temperature of
the anode gas is reduced to 20°C, and then a gas-liquid separation treatment is performed on the
cooled anode gas by adopting a gas-liquid separation device 340, so as to obtain condensed water
and mixed gas containing oxygen, carbon dioxide and water vapor, and a mole content of a dry
basis of oxygen in the mixed gas is 32.4 vol%; and a compression process is performed by adopting
a compression device 350, the compression process is performed by using a compressor with 4
stages, a third cooling device and a liquid separation device are disposed between each stage of
the compressor, and the processed anode gas is obtained after being processed by a drying and
dewatering device 360;

[0071] the anode gas above processed is introduced into a carbon dioxide separation device 400
for a process of a carbon dioxide separation, an operating pressure is 30 bar, a mole reflux ratio is
4: 1, a ratio of an amount of substance of gaseous phase extracts at a top of a tower to an amount
of substance of feedstock is 0.45: 1, and liquid carbon dioxide and crude oxygen containing carbon
dioxide are obtained; a condenser and a re-boiler are further disposed inside the above carbon
dioxide separation device 400; and heat exchange is performed between the anode gas and the
crude oxygen in a heat exchange device.

[0072] According to testing, it was found that in this embodiment, a purity of liquid carbon
dioxide is 99.9999 vol%, a content of carbon dioxide in crude oxygen accounts for 21% of a
content of carbon dioxide in anode gas, a recovery rate of carbon dioxide is 99.62%, and power
consumption of an electrolytic cell is 3.1 kWh/kgCOx.

[0073] Embodiment 2

[0074] Similar to the embodiment 1, the process of the carbon dioxide separation is performed

in the carbon dioxide separation device. Differences from the embodiment 1 are that during the
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process of the carbon dioxide separation, an operating pressure is 60 bar, a mole reflux ratio is 1.4:
1, and a ratio of an amount of substance of gaseous phase extracts at a top of a tower to an amount
of substance of feedstock is 0.25: 1.

[0075] At least a part of an aqueous solution containing carbonate is mixed with crude oxygen
generated during the above process of the carbon dioxide separation, so as to obtain oxygen and
an aqueous solution containing bicarbonate; and in the aqueous solution containing bicarbonate
used in a process of an electrolysis, a ratio of an amount of substance of bicarbonate to a total
amount of substance of carbonate and bicarbonate is 0.01: 1. According to testing, it was found
that in this embodiment, a purity of liquid carbon dioxide is 96.0383 vol%, a content of carbon
dioxide in crude oxygen accounts for 16% of a content of carbon dioxide in anode gas, a recovery
rate of carbon dioxide is 99.99%, and power consumption of an electrolytic cell is 3.4 kWh/kgCOx.
[0076] Embodiment 3

[0077] Similar to the embodiment 1, the process of the carbon dioxide separation is performed
in the carbon dioxide separation device. Differences from the embodiment 1 are that during the
process of the carbon dioxide separation, an operating pressure is 60 bar, a mole reflux ratio is 5:
1, and a ratio of an amount of substance of gaseous phase extracts at a top of a tower to an amount
of substance of feedstock is 0.5: 1.

[0078] At least a part of an aqueous solution containing carbonate is mixed with crude oxygen
generated during the above process of the carbon dioxide separation, so as to obtain oxygen and
an aqueous solution containing bicarbonate; and in the aqueous solution containing bicarbonate
used in a process of an electrolysis, a ratio of an amount of substance of bicarbonate to a total
amount of substance of carbonate and bicarbonate is 0.32: 1. According to testing, it was found
that in this embodiment, a purity of liquid carbon dioxide is 99.9999 vol%, a content of carbon
dioxide in crude oxygen accounts for 25.7% of a content of carbon dioxide in anode gas, a recovery
rate of carbon dioxide is 90.61%, and power consumption of an electrolytic cell is 2.93
kWh/kgCO:s.

[0079] Embodiment 4

[0080] Differences from the embodiment 1 are that a temperature during a process of an
electrolysis is 95°C, a voltage of an electrolytic cell is 4 V, and a current density is 500 A/m?.
[0081] According to testing, it was found that in this embodiment, a purity of liquid carbon
dioxide is 99.9968 vol%, a recovery rate of carbon dioxide is 99.59%, and power consumption of
an electrolytic cell is 3.12 kWh/kgCO:x.

[0082] Embodiment 5
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[0083] Differences from the embodiment 1 are that a temperature during a process of an
electrolysis is 50°C.

[0084] According to testing, it was found that in this embodiment, a purity of liquid carbon
dioxide is 99.9986 vol%, a recovery rate of carbon dioxide is 99.70%, and power consumption of
an electrolytic cell is 3.16 kWh/kgCO:..

[0085] Embodiment 6

[0086] Differences from the embodiment 1 are that a temperature during a process of an
electrolysis is 200°C.

[0087] According to testing, it was found that in this embodiment, a purity of liquid carbon
dioxide is 99.9938 vol%, a recovery rate of carbon dioxide is 99.63%, and power consumption of
an electrolytic cell is 3.18 kWh/kgCO:a.

[0088] Embodiment 7

[0089] Differences from the embodiment 1 are that a temperature during a process of an
electrolysis is 25°C, a voltage of an electrolytic cell is 0.6 V, and a current density is 300 A/m?.
[0090] According to testing, it was found that in this embodiment, a purity of liquid carbon
dioxide is 99.9971 vol%, and a recovery rate of carbon dioxide is 99.61%, and power consumption
of an electrolytic cell is 3.72 kWh/kgCOx.

[0091] Embodiment 8

[0092] Differences from the embodiment 1 are that a concentration of hydroxide in an alkaline
solution is 0.2 mol/L, and in an aqueous solution containing carbonate, a concentration of
carbonate is 0.47 mol/L, a concentration of hydroxide is 0.03 mol/L, and a pH value is 12.1.
[0093] According to testing, it was found that in this embodiment, a purity of liquid carbon
dioxide is 99.9856 vol%, a recovery rate of carbon dioxide is 99.66%, and power consumption of
an electrolytic cell is 4.08 kWh/kgCO:x.

[0094] Embodiment 9

[0095] Differences from the embodiment 1 are that a concentration of hydroxide in an alkaline
solution is 3 mol/L, and in an aqueous solution containing carbonate, a concentration of carbonate
is 6 mol/L, a concentration of hydroxide is 0.9 mol/L, and a pH value is 14.

[0096] According to testing, it was found that in this embodiment, a purity of liquid carbon
dioxide is 99.9816 vol%, a recovery rate of carbon dioxide is 99.71%, and power consumption of
an electrolytic cell is 3.96 kWh/kgCOo.

[0097] Embodiment 10
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[0098] Differences from the embodiment 1 are that a concentration of hydroxide in an alkaline
solution is 0.5 mol/L, and in an aqueous solution containing carbonate, a concentration of
carbonate is 2.1 mol/L, a concentration of hydroxide is 0 mol/L, and a pH value is 14.

[0099] According to testing, it was found that in this embodiment, a purity of liquid carbon
dioxide is 99.9905 vol%, a recovery rate of carbon dioxide is 99.55%, and power consumption of
an electrolytic cell is 3.38 kWh/kgCO:..

[0100] Embodiment 11

[0101] Differences from the embodiment 1 are that a concentration of hydroxide in an alkaline
solution is 1.5 mol/L, and in an aqueous solution containing carbonate, a concentration of
carbonate is 4.5 mol/L, a concentration of hydroxide is 0.9 mol/L, and a pH value is 10.

[0102] According to testing, it was found that in this embodiment, a purity of liquid carbon
dioxide is 99.9913 vol%, a recovery rate of carbon dioxide is 99.69%, and power consumption of
an electrolytic cell is 3.98 kWh/kgCO:.

[0103] Embodiment 12

[0104] Differences from the embodiment 1 are that a concentration of hydroxide in an alkaline
solution is 0.1 mol/L, and in an aqueous solution containing carbonate, a concentration of
carbonate is 0.2 mol/L, a concentration of hydroxide is 0 mol/L, and a pH value is 10.9.

[0105] According to testing, it was found that in this embodiment, a purity of liquid carbon
dioxide is 99.9953 vol%, a recovery rate of carbon dioxide is 99.66%, and power consumption of
an electrolytic cell is 4.43 kWh/kgCO:x.

[0106] Comparative Example 1

[0107] Differences from the embodiment 1 are that carbon dioxide in the air is captured by using
an aqueous sodium hydroxide solution, so as to obtain an aqueous solution containing carbonate;
in the aqueous solution containing carbonate, a ratio of an amount of substance of bicarbonate to
a total amount of substance of carbonate and bicarbonate is 0: 1; and the aqueous solution
containing carbonate is used as an electrolyte and is directly electrolyzed in an electrolytic cell, so
as to obtain mixed gas containing oxygen and carbon dioxide.

[0108] According to testing, it was found that in this embodiment, a purity of liquid carbon
dioxide is 66.6718 vol%, a recovery rate of carbon dioxide is 99.99%, and power consumption of
an electrolytic cell is 3.43 kWh/kgCOo.

[0109] The results of a recovery rate of carbon dioxide and power consumption of an electrolytic
cell respectively measured in all the above embodiments and the above comparative example are

summarized in Table 1.

Table 1
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) o Power consumption
Recovery rate Purity of liquid )
of electrolytic cell
of CO2 (%) CO2 (vol%)
(kWh/kgCO)
Embodiment 1 99.62 99.9999 3.10
Embodiment 2 99.99 96.0383 3.40
Embodiment 3 90.61 99.9999 2.93
Embodiment 4 99.59 99.9968 3.12
Embodiment 5 99.70 99.9986 3.16
Embodiment 6 99.63 99.9938 3.18
Embodiment 7 99.61 99.9971 3.72
Embodiment 8 99.66 99.9856 4.08
Embodiment 9 99.71 99.9816 3.96
Embodiment 10 99.55 99.9905 3.38
Embodiment 11 99.69 99.9913 3.98
Embodiment 12 99.66 99.9953 4.43
Comparative
99.99 66.6718 3.43
Example 1

[0110] From the above description, it can be seen that in the above embodiments of the present
invention, the following technical effects are achieved.

[0111] From a comparison of the embodiment 1 to the embodiment 3, it can be seen that during
the process of the carbon dioxide separation, the operating pressure, the mole reflux ratio, and the
ratio of the amount of substance of the gaseous phase extracts at the top of the tower to the amount
of substance of the feedstock include but are not limited to the preferred ranges of the present
application, and limiting the operating pressure, the mole reflux ratio, and the ratio of the amount
of substance of the gaseous phase extracts at the top of the tower to the amount of substance of the
feedstock within the above preferred ranges of the present application can further improve
efficiency of separating carbon dioxide and oxygen, so as to improve a purity of liquid carbon
dioxide, and disposal of an oxygen purification device may maintain a recovery rate of carbon
dioxide during the whole process at a relatively high level, thereby increasing economic benefits.
[0112] From a comparison of the embodiment 1 to the embodiment 3 and the comparative
example 1, it can be seen that the carbon dioxide in the air is converted into the aqueous solution
containing carbonate during the process of the carbon dioxide capture, and the carbon dioxide in
the crude oxygen is absorbed by using the aqueous solution containing carbonate, so as to convert

the aqueous solution containing carbonate into the aqueous solution containing bicarbonate, and
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then the process of the electrolysis is performed. Compared with a process of an electrolysis with
carbonate as an electrolyte, the aqueous solution containing bicarbonate is used as an electrolyte
in the present application, so that energy consumption during a process of an electrolysis can be
effectively reduced. During the process of the carbon dioxide separation, a proportion of a content
of carbon dioxide in an obtained product of the crude oxygen to a content of carbon dioxide in the
anode gas, and a dry basis content of oxygen and carbon dioxide in the crude oxygen are defined
within a specific range, and the carbon dioxide herein is absorbed by the aqueous solution
containing carbonate obtained during the process of the carbon dioxide capture, so as to obtain the
aqueous solution containing bicarbonate, so that after the processes are implemented, liquid carbon
dioxide with a high purity can be obtained, so as to maintain a recovery rate of carbon dioxide at
a relatively high level, and a process cost during a process of capturing and purifying carbon
dioxide can be reduced, so as to increase its overall economic benefits.

[0113] From a comparison of the embodiment 1, and the embodiment 4 to the embodiment 7, it
can be seen that the temperature during the process of the electrolysis, the voltage of the
electrolytic cell and the current density include but are not limited to the preferred ranges of the
present application , and limiting the temperature during the process of the electrolysis, the voltage
of the electrolytic cell and the current density within the preferred ranges of the present application
1s beneficial for improving a rate of an electrochemical reaction and current efficiency, and is also
beneficial for reducing energy consumption of an electrolytic cell, thereby reducing a process cost
during a process of capturing and purifying carbon dioxide.

[0114] From a comparison of the embodiment 1, the embodiment 8, the embodiment 9 and the
embodiment 12, it can be seen that compared with other ranges, limiting the concentration of the
hydroxide in the alkaline solution within the preferred range of the present application is beneficial
for improving efficiency of capturing carbon dioxide gas in the air by an alkaline solution; and
compared with other ranges, in the aqueous solution containing carbonate, limiting the
concentration of the carbonate, the concentration of the hydroxide, and the pH value within the
preferred ranges of the present application is beneficial for improving a content of bicarbonate in
an aqueous solution containing bicarbonate obtained during a purification process, thereby
facilitating providing a more sufficient source of an electrolyte for a process of an electrolysis,
thus further facilitating reducing energy consumption.

[0115] From a comparison of the embodiment 1, the embodiment 10 and the embodiment 11, it
can be seen that compared with other ranges, limiting the concentration of the hydroxide in the
alkaline solution within the further preferred range of the present application is beneficial for

further improving efficiency of capturing carbon dioxide gas by an alkaline solution; and compared
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with other ranges, in the aqueous solution containing carbonate, limiting the concentration of the
carbonate, the concentration of the hydroxide, the ratio of the amount of substance of the
bicarbonate to the total amount of substance of the carbonate and the bicarbonate, and the pH value
within the further preferred ranges of the present application, on one hand, is beneficial for further
improving a rate of capturing carbon dioxide by an alkaline solution, and on the other hand, is also
beneficial for further improving a content of bicarbonate in an aqueous solution containing
bicarbonate obtained during a purification process, thereby further facilitating providing a more
sufficient source of an electrolyte for a process of an electrolysis, thus further facilitating reducing
energy consumption.

[0116] It should be noted that the terms “first”, “second”, etc. in the specification and claims of
the present application are intended to distinguish similar objects and do not necessarily need to
be used to describe a specific order or sequence. It should be understood that the terms used in this
way may be interchangeable in appropriate circumstances, so that the embodiments of the present
application described herein can, for example, be implemented in an order other than those orders
described herein.

[0117] The above are only preferred embodiments of the present invention and are not intended
to limit the protection scope of the present invention. As for a person skilled in the art, there are
various modifications and changes in the present invention. Any modification, equivalent
replacement, improvement, and the like made within the spirit and principle of the present

invention shall be included within the protection scope of the present invention.
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CLAIMS

What is claimed is:

1. A method for capturing and purifying carbon dioxide, comprising a carbon dioxide capture,
an electrolysis and a carbon dioxide separation, the method for capturing and purifying the carbon
dioxide comprising:

performing a process of the carbon dioxide capture on a target component by using an alkaline
solution to obtain an aqueous solution containing carbonate;

mixing at least a part of the aqueous solution containing carbonate with crude oxygen
containing carbon dioxide generated during a process of the carbon dioxide separation to obtain
oxygen and an aqueous solution containing bicarbonate, a volume content of carbon dioxide in the
crude oxygen containing carbon dioxide ranging from 9.7 vol% to 35.9 vol%;

performing the electrolysis on the aqueous solution containing bicarbonate to obtain anode
gas, hydrogen and a regenerated alkaline solution; and

performing a step of the carbon dioxide separation on the anode gas to obtain liquid carbon
dioxide and crude oxygen containing carbon dioxide, a content of carbon dioxide in the liquid
carbon dioxide ranging from 98.5 vol% to 99.9999 vol%, and a content of carbon dioxide in the

crude oxygen accounting for 5% to 40% of a content of carbon dioxide in the anode gas.

2. The method for capturing and purifying the carbon dioxide according to claim 1, wherein
the process of the carbon dioxide separation is performed in a carbon dioxide separation device,
an operating pressure ranges from 10 bar to 60 bar, a mole reflux ratio ranges from 1.4: 1 to 4: 1,
and a ratio of an amount of substance of gaseous phase extracts at a top of a tower to an amount

of substance of feedstock ranges from 0.25: 1 to 0.45: 1.

3. The method for capturing and purifying the carbon dioxide according to claim 1 or 2,
wherein a temperature during a process of the electrolysis ranges from 50°C to 200°C, a voltage
of an electrolytic cell ranges from 1.1 V to 4 V, a current density ranges from 500 A/m? to 8000
A/m?, and in the aqueous solution containing bicarbonate, a ratio of an amount of substance of

bicarbonate to a total amount of substance of carbonate and bicarbonate ranges from 0.1: 1 to 1: 1.

4. The method for capturing and purifying the carbon dioxide according to claim 1, wherein
before the process of the carbon dioxide separation, the method for capturing and purifying the
carbon dioxide further comprises: sequentially performing a cooling process, a gas-liquid

separation process, a compression process, and a drying and dewatering process on the anode gas.
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5. The method for capturing and purifying the carbon dioxide according to claim 4, wherein

after the cooling process, a temperature of the anode gas is reduced to between 5°C and 50°C.

6. The method for capturing and purifying the carbon dioxide according to claim 4, wherein
between the compression process and the separation process, the method for capturing and
purifying the carbon dioxide comprises: performing heat exchange between the anode gas

subjected to the compression process and the crude oxygen.

7. The method for capturing and purifying the carbon dioxide according to claim 1, wherein a
concentration of hydroxide in the alkaline solution ranges from 0.2 mol/L to 3 mol/L, and in the
aqueous solution containing carbonate, a concentration of carbonate ranges from 0.2 mol/L to 6
mol/L, a concentration of hydroxide ranges from 0 mol/L to 1.5 mol/L, and a pH value ranges from
10 to 14; and

preferably, the concentration of the hydroxide in the alkaline solution ranges from 0.5 mol/L
to 1.5 mol/L, and in the aqueous solution containing carbonate, the concentration of the carbonate
ranges from 0.5 mol/L to 5.5 mol/L, the concentration of the hydroxide ranges from 0 mol/L to 1

mol/L, and the pH value ranges from 12 to 14.

8. The method for capturing and purifying the carbon dioxide according to claim 1, wherein
the method for capturing and purifying the carbon dioxide further comprises: returning at least a
part of the aqueous solution containing carbonate and/or the regenerated alkaline solution to the

process of the carbon dioxide capture for reuse.

9. A system for capturing and purifying carbon dioxide, wherein the system for capturing and
purifying the carbon dioxide comprises:

a carbon dioxide capture device (100), provided with an alkaline solution inlet (101), a target
component inlet (102), and a discharging port (103) for an aqueous solution containing carbonate;

an oxygen purification device (200), provided with a crude oxygen inlet (201), an inlet (202)
for an aqueous solution containing carbonate, a discharging port (203) for an aqueous solution
containing bicarbonate, and an oxygen discharging port (204), the inlet (202) for an aqueous
solution containing carbonate being in communication with the discharging port (103) for an
aqueous solution containing carbonate;

an electrolysis unit (300), provided with an inlet (301) for an aqueous solution containing
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bicarbonate, an anode gas discharging port (302), a hydrogen outlet (303), and a regenerated
alkaline solution discharging port (304), and the inlet (301) for an aqueous solution containing
bicarbonate being in communication with the discharging port (203) for an aqueous solution
containing bicarbonate through a delivery pipeline for an aqueous solution containing bicarbonate;

a carbon dioxide separation device (400), provided with an anode gas inlet (401), a liquid
carbon dioxide outlet (402), and a crude oxygen outlet (403), the anode gas inlet (401) being in
communication with the anode gas discharging port (302) through an anode gas delivery pipeline,
and the crude oxygen outlet (403) being in communication with the crude oxygen inlet (201)
through a crude oxygen delivery pipeline;

a carbon dioxide detection device (500), configured to determine a content of carbon dioxide
in the crude oxygen delivery pipeline; and

a valve (600), disposed on the crude oxygen delivery pipeline and located downstream of the
carbon dioxide detection device (500), the valve (600) being disposed in linkage with the carbon
dioxide detection device (500), and when the content of the carbon dioxide reaches a preset value,

the valve (600) being opened.

10. The system for capturing and purifying the carbon dioxide according to claim 9, wherein
the carbon dioxide capture device is further provided with a reflux port (104), and the reflux port
(104) is disposed in communication with the regenerated alkaline solution discharging port (304)

and the discharging port (103) for an aqueous solution containing carbonate, respectively.

11. The system for capturing and purifying the carbon dioxide according to claim 10, wherein
the reflux port (104) is in communication with the regenerated alkaline solution discharging port
(304) through a regenerated alkaline solution delivery pipeline, and along a flow direction of a
material, the system for capturing and purifying the carbon dioxide further comprises a buffer tank
(310) and a first cooling device (320) that are sequentially disposed on the regenerated alkaline

solution delivery pipeline.

12. The system for capturing and purifying the carbon dioxide according to claim 11, wherein
the buffer tank (310) is provided with an external supplemental water inlet (311) for adjusting a

concentration of a regenerated alkaline solution in the buffer tank (310).

13. The system for capturing and purifying the carbon dioxide according to claim 9, wherein

along a flow direction of a material in the anode gas delivery pipeline, the system for capturing
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and purifying the carbon dioxide further comprises a second cooling device (330), a gas-liquid
separation device (340), a compression device (350), and a drying and dewatering device (360)

that are sequentially disposed on the anode gas delivery pipeline.

14. The system for capturing and purifying the carbon dioxide according to claim 13, wherein
the system for capturing and purifying the carbon dioxide further comprises a heat exchange device,
and the heat exchange device is disposed on the anode gas delivery pipeline between the
compression device (350) and the carbon dioxide separation device for exchanging heat between

anode gas and crude oxygen.

15. The system for capturing and purifying the carbon dioxide according to claim 9, wherein
the system for capturing and purifying the carbon dioxide further comprises a liquid flow
regulation device (210) at a bottom of a tower, and the liquid flow regulation device (210) at the
bottom of the tower is disposed on the delivery pipeline for an aqueous solution containing

bicarbonate.

16. The system for capturing and purifying the carbon dioxide according to claim 13, wherein
the compression device (350) is a compressor with stages between 2 and 8, and a third cooling

device and a liquid separation device are disposed between each stage of the compressor.
17. The system for capturing and purifying the carbon dioxide according to claim 9, wherein

a condenser and a re-boiler are further disposed inside the carbon dioxide separation device (400)

to adjust a content of carbon dioxide in the crude oxygen delivery pipeline.
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