
METHOD FOR CAPTURING CARBON DIOXIDE IN POWER STATION FLUE 

GAS AND DEVICE THEREFOR 

FIELD OF THE INVENTION 

[0001] The invention relates to the field ofemission reduction and resource utilization of 

carbon dioxide from flue gas of a power plant boiler, and more particularly to a method 

and an apparatus for collecting carbon dioxide from flue gas. 

BACKGROUND OF THE INVENTION 

[0002] In the 21 st century, one of the greatest challenges facing humanity is the 

greenhouse effect caused by the emissions of greenhouse gas, which causes global 

warming and climate change and comprehensively affects the ecology, economics, 

society, and other global environment. Carbon dioxide is the main product from the 

combustion of the organic substance and fossil fuels, and is also considered as one of the 

main components contributing to the global warming and the greenhouse 

effect,accounting for about 2/3 of the total greenhouse gas. At present, the global annual 

carbon dioxide emissions rose to 30.6 billion tons in 2010. China has become the 

superpower of carbon dioxide emissions, andthe emissions are still increasing. 

[0003] In November, 2009, Chinese government solemnly committed himself to the 

world that the carbon dioxide emissions per unit of GDP in 2020should be decreased by 

40% to 45% compared to the year of 2005. Theflue gas from power plants is a longterm, 

stable, and concentrated emission source of CO2, which is the top priority for reducing 

CO2 emissions. To develop new technologies and devices for reducing CO2 emissions 

from power plant flue gas can free the China's economic development from the effects of 

carbon emission targets, and bring tremendous social and economic benefits. 

[0004] Several methods for capturing CO2 have been developed. A chemical absorption 
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method is widely applied in industries, and the principle of the chemical absorption 

method is as follows: CO2 in the flue gas is prone to react with and be absorbed by a 

chemical solvent. A rich solution of the chemical solvent is acquired after absorbing CO2 

to an equilibrium state; then the rich solution is introduced into a regeneration tower, 

heated and decomposed for releasing CO2 gas and being transformed into a barren 

solution. After that, the barren solution is recycled to absorb CO2 from the flue gas. Thus, 

by circulating an absorbent solution between an absorption tower and the regeneration 

tower, CO2 in the flue gas is captured, separated, and purified. Currently, the chemical 

absorption method using an amino alcohol solution to absorb CO2 is the most widely 

applied method, which specifically includes: an MEA (monoethanolamine) method, an 

MDEA, and a mixed organic amines method. In productive practice, it has been proved 

that, although the chemical absorption method using the amino alcohol solution which 

has been applied for about twenty years in chemical field has the characteristics of fast 

absorption speed, strong absorption ability,it still has the followingdefects when it is 

utilized in treating flue gas from power plant: l)the oxidative degradation of the amino 

alcohol affects a long term and stable operation of the apparatus, and the solution 

consumption is large; 2) the apparatus is seriously corroded; and 3) MEA generally has a 

concentration of less than 20%, and thus the CO2 absorption rate is low, but the energy 

consumption in regeneration is high. All these reasons account for the high cost of the 

method forcollecting carbon dioxide by using amino alcohol. 

SUMMARY OF THE INVENTION 

[0005] In view of the abovedescribed problems, it is one objective of the invention to 

provide a method and an apparatus for collecting carbon dioxide in power station flue gas. 

The method is characterized in high collecting efficiency, low energy consumption, and 

simple process flow. 
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[0006] To achieve the above objective, in accordance with one embodiment of the 

invention, there is provideda method for collecting carbon dioxide from flue gas of a 

power plant, the method comprising the following steps: 

[0007] 1) providing an organic amine and an ionic liquid in a molar ratio of (11.1): 1, 

mixing the organic amine, the ionic liquid, and water to obtain an aqueous solution of a 

composite absorbent having a concentration of between 20 and 40 wt. %; 

[0008] using the aqueous solution of the composite absorbent comprising the organic 

amine and the ionic liquid as a CO2 absorbent, evenly spraying the aqueous solution of 

the composite absorbent into the flue gas from a rear part of a power plant boiler after 

dust removal and desulfurization to allow the flue gas flowing upwardly to fully contact 

with the downwardly sprayed aqueous solution of the composite absorbent and to allow 

CO2 in the flue gas to react with the composite absorbent whereby absorbing CO2. 

Principle of the absorption of CO2 by the composite absorbent is as follows (A represents 

the organic amine and B represents the ionic liquid; the following equations do not 

represent the practical reaction process but include physical absorption and chemical 

absorption): 

[0009] A+C02->A-C02 

[0010] B+C02->B-C02 

[0011] controlling a liquidratio between 5 and 25 L/m3, a reaction temperature of 

between 40 and 55°C, and a reaction pressure of between 0.01 and 10 atm, so that the 

aqueous solution of the composite absorbent is capable of fully reacting with CO2 in the 

flue gas at the proper temperature and the pressure, thereby yielding the solution rich in 

in A-C02 and B-CO2; 

[0012] 2) allowing the solution rich in A- CO2 and B • CC^to stand and clarify under the 

action of selfaggregation to form different liquid layers comprising a lower layer being a 
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mixed solution rich in A-C02 and B CO2 and an upper layer being the aqueous solution 

of the composite absorbent; separating the lower layer to obtain the mixed solution rich in 

A-C02 and BCO2; 

[0013] conducting heat exchange on the separated mixed solution rich in ACO2 and 

BCO2 to enable CO2 gas dissolved or adsorbed by the aqueous solution of the composite 

absorbent to evaporate whereby yielding a mixed solution rich in A C02 and BCO2 after 

heat exchange; 

[0014] 3) thermally decomposing the mixed solution rich in A C02 and B C02 after heat 

exchange to release the chemically absorbed CO2, whereby obtaining highconcentrated 

CO2 gas and the aqueous solution of the composite absorbent, in which, a principal of the 

chemical reaction is as follows: 

[0015] A-C02 —»A+CC>2t 

[0016] A+B C02 A C02 +B -> A+B + C02f 

[0017] 4) returning the aqueous solution of the composite absorbent obtained in step 3) to 

step 1) as the C02 absorbent for recycling; 

[0018] 5) cooling the highCC^ gas separated from step 3) to condense water vapor 

therein; 

[0019] 6) conducting gasseparation on the highC02gas after the cooling treatment in step 

5) to remove a condensed water therein, whereby yielding CO2 gas having a purity of 

exceeding 99% (highly purified C02gas); and 

[0020] 7) desiccating the highly purified CO2 gas (at a temperature of 110°C for between 

0.1 and 5 min), and compressing and condensing the highly purified CO2 gas to transform 

thehighly purified C02 gas into a liquid state, whereby obtaining a highconcentrated 

industrial liquid C02. 
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[0021] The ionic liquid in step 1) is selected from the group consisting of a conventional 

ionic liquid, a functional ized ionic liquid, a polymeric ionic liquid, and a mixture thereof 

in an arbitrary ratio. 

[0022] The conventional ionic liquid is selected from the group consisting of an 

imidazole salt, a pyrrole salt, a pyridine salt, an ammonium salt, a sulfonate, and a 

mixture thereof in an arbitrary ratio. 

[0023] The functionalized ionic liquid is an ionic liquid comprising an amino group. 

[0024] The conventional ionic liquid is selected from the group consisting of 1 butyl 

tetrafluoroborate, lhexafluorophosphate, lbis(trifluoromethylsulfonyl)imide, 1 

hexafluorophosphate, and a mixture thereof in an arbitrary ratio. 

[0025] The ionic liquid comprising an amino group is selected from the group consisting 

of l(l)bromide, 1 (3)tetrafluoroborate, and a mixture thereof in an arbitrary ratio. 

[0026] The polymeric ionic liquid is selected from the group consisting of poly(4) 

tetrafluoroborate, poly(4)hexafluorophosphate, poly(4)imide, poly(4) 

trifluoromethylsulfonyl imide, poly(4)tetrafluoroborate, and a mixture thereof in an 

arbitrary ratio. 

[0027] The organic amine in step 1) is selected from the group consisting of 

ethanolamine, Nmethyldiethanolamine, and a mixture thereof in an arbitrary ratio. 

[0028] The thermal decomposition in step 3) is conducted at the temperature of between 

80 and 110°C, a pressure of between 0.01 and 10 atm, and a time of between 1 and 5 min. 

A-C02 is firstly decomposed, in another word, A-C02 is decomposed into A and CO2, 

while B CO2 is not prone to release CO2 at such condition. Because CO2 in B CO2 is 

easily captured by A to form AC02 whichcontinues to be decomposed and release CO2, 

so that high CO2 gas and the aqueous solution of the composite absorbent are obtained. 

[0029] The cooling treatment in step 5) comprises cooling the separated highC02 gas to 
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between 20 and 35°C and controlling a cooling time to between 1 and 5 min. Thus, a 

large amount of water vapor is condensed and returned to a decomposition tower for 

recycling. 

[0030] An apparatus for collecting carbon dioxide from flue gas of a power plant 

according to the above method, the apparatus comprises: an absorption tower 1, a 

sedimentation pool 7 comprising slanting boards, a regeneration tower 22, a gasliquid 

separator 19, a desiccator 18, a compressor 17, and a condenser 16. A rich solution flows 

from a bottom of the absorption tower 1 into the sedimentation pool 7 comprising the 

slanting boards for stratification. A gas outlet of the gasseparator 19 is in series 

connection with the desiccator 18, the compressor 17, the condenser 16, and a liquid 

carbon dioxide storage tank 15, respectively. 

[0031] A bottom flow outlet of the sedimentation pool 7 comprising the slanting boards is 

connected to a first medium (a mixed condensed liquid) inlet of a second heat exchanger 

23 (for conducting a first heating) via a pipe where a rich solution pump 8 is disposed. A 

supernatant overflow of the sedimentation pool 7 comprising the slanting boards is 

connected to an inlet of a circulating absorption solution storage tank 10 via a pipe. An 

outlet of the circulating absorption solution storage tank 10 is connected to a spray pipe 

of a spray layer 2 in the absorption tower 1 via a pipe where an absorption solution 

circulating pump 9 is disposed. 

[0032] A first medium (the mixed condensed liquid) outlet of the second exchange 23 is 

connected to a first medium (the mixed condensed liquid) inlet of a first heat exchanger 

21 (for conducting a second heating) via a pipe. A first medium outlet of the first heat 

exchanger 21 is connected to an inlet disposed on an upper part of the regeneration tower 

22 via a pipe. A gas outlet disposed on a top of the second heat exchanger 23 is connected 

to a pipe connecting the first heat exchanger 21 and a cooler 20. A gas outlet disposed on 

an upper part of the regeneration tower 22 is connected to a second medium (gas, heating 
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the first medium) inlet of the first heat exchanger 21 via a pipe. A second medium outlet 

of the first heat exchanger 21 is connected to an inlet of the cooler 20 via a pipe. An 

outlet of the cooler 20 is connected to an inlet of the gasseparator 19 via a pipe. 

[0033] A liquid outlet disposed on a lower part of the regeneration tower 22 is connected 

to a second medium inlet of the second heat exchanger 23 via a pipe where a lean 

solution pump 13 is disposed. A second medium outlet of the second heat exchanger 23 is 

connected to the inlet of the circulating absorption solution storage tank 10 via a pipe 

where a filter 24 is disposed. A condensate overflow of the gasliquid separator 19 is 

connected to the inlet of the circulating absorption solution storage tank 10 via a pipe. A 

solution storage tank 12 for storing the aqueous solution of the composite absorbent is 

connected to the inlet of the circulating absorption solution storage tank 10 via a pipe 

where a solution pump is disposed 11. 

[0034] The absorption tower 1 is a pneumatic bubbling tower. A sieve plate 5, a 

pneumatic bubbling layer 4, a filler layer 3, and a demister 26 are respectively arranged 

bottom up in the absoiption tower 1 between a flue gas inlet 6 arranged a lower part of 

the absorption tower 1 and a flue gas outlet 27 arranged on a top of the absorption tower 

1, 

[0035] The absorption tower 1 is further provided with a spray layer 2, and the spray 

layer 2 is provided with between 2 and 4 spray pipes. A plurality of nozzles 25 are 

disposed on each spray pipe. The sieve plate 5 comprises circular through, and an area 

ratio of the circular throughand the sieve plate 5 is between 30 and 40%. The demister 26 

comprises: an upper filter screen, a lower filter screen, and a spray unit disposed 

therebetween. 

[0036] Advantages according to embodiments of the invention are summarized as 

follows. 

[0037] 1. The aqueous solution of the composite absorbent comprises the organic amine 
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and the ionic liquid, and so the CO2 removal rate is improved by 10% in contrast to the 

organic amine method. Both the two components can absorb or adsorb carbon dioxide, 

and the absorbed or adsorbed carbon dioxide can be released quickly and completely 

through the transference and decomposition in the regeneration tower. Thus, the method 

is highly efficient in the collection of carbon dioxide. 

[0038] 2. The products from the reaction of the aqueous solution of the composite 

absorbent and the flue gas are prone to aggregate to form a liquid layer different from 

water. The liquid layer rich in carbon dioxide is extracted and transported into the 

regeneration tower, thereby partly preventing the water from entering the regeneration 

tower, and greatly saving the energy consumption. 

[0039] 3. Passing through the second heat exchanger (leansolution heat exchanger), part 

of carbon dioxide dissolved or adsorbed in the rich solution is released by heating, so the 

total weight of the rich solution entering the regeneration tower is reduced, thereby 

saving the energy consumption. Meanwhile, the low temperature rich solution from the 

absorption tower is heated respectively by the high temperature lean solution from the 

bottom of the regeneration tower and by the high temperature carbon dioxide from the 

top of the regeneration tower, thereby increasing the temperature of the rich solution and 

saving the energy consumption. Furthermore, the high temperature carbon dioxide from 

the top of the regeneration tower exchanges heat with the low temperature rich solution, 

thereby reducing the consumption of the cooling water in the cooler and saving the 

energy consumption. 

[0040] 4. The method has a simple process flow, and the involved devices have low costs. 

The invention solves the longstanding problems resulting from organic amines method, 

such as serious corrosion of the devices, high energy consumption, and high material 

consumption. 

8 



BRIEF DESCRIPTION OF THE DRAWINGS 

[0041] FIG. 1 is a schematic diagram of an apparatus for collecting carbon dioxide from 

flue gas of a power plant. 

[0042] In the drawings, the following reference numbers are used: lAbsoi-ption tower,2 

Spray layer,3Filler layer,4-Pneumatic bubbling layer,5Sieve plate,6Flue gas inlet,7 

Sedimentation pool comprising slanting boards,8Rich solution pump,9Circulating 

pump,10-Circulating absorption solution storage tank,ll-Solution pump,12-Solution 

storage tank,13-Lean solution pump,14-Reboiler,15-Liquid carbon dioxide storage 

tank,16-Condenser,17-Compressor,18- Desiccator,19-Gasseparator,20-Cooler,21-First 

heat exchanger,22-Regeneration tower,23-Second heat exchanger (leansolution heat 

exchanger),24-Filter, 25-Nozzle,26-Demister,27-Flue gas outlet. 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

[0043] For further illustrating the invention, experiments detailing a method and an 

apparatus for collecting carbon dioxide from flue gas of a power plant are described 

below. It should be noted that the following examples are intended to describe and not to 

limit the invention. 

Example 1 

[0044] A method for collecting carbon dioxide from flue gas of a power plant, the method 

comprises the following steps: 

[0045] 1) An organic amine and an ionic liquid in a molar ratio of 1.01:1 are collected. 

The organic amine, the ionic liquid, and water are mixed to obtain an aqueous solution of 

a composite absorbent having a concentration of 20 wt. %. 
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[0046] The ionic liquid is 1 tetrafluoroborate of a conventional ionic liquid. 

[0047] The organic amine is ethanolamine (MEA). 

[0048] The aqueous solution of the composite absorbent comprising the organic amine 

and the ionic liquid is used as a CO2 absorbent. The aqueous solution of the composite 

absorbent is evenly sprayed into the flue gas from a rear part of a power plant boiler after 

common treatments of dust removal and desulfurization, so that the flue gas flowing 

upwardly fully contacts with the downwardly sprayed aqueous solution of the composite 

absorbent to allow C02 in the flue gas to react with the composite absorbent and to be 

absorbed. 

[0049] A liquidratio (the liquid herein means the aqueous solution of the composite 

absorbent, and the gas herein means the flue gas) is controlled at 20 L/m . A temperature 

of the reaction between CC>2in the flue gas and the aqueous solution of the composite 

absorbent is controlled at 50°C, and a pressure at an inlet of the absorption tower is 

controlled at 1.2 atm. Thus, the aqueous solution of the composite absorbent is able to 

fully react with CO2 in the flue gas at the proper temperature and pressure, and a solution 

rich inA-CC>2 and B-C02 is yielded, in which, A represents the organic amine and B 

represents the functionalized ionic liquid. 

[0050] 2) Matters of A CO2 and B CO2 after absorbing C02 are selfaggregated, and the 

solution rich in A-C02 and BCO2 is stilled and clarified to form different liquid layers. A 

lower layer is a mixed solution rich in A C02 and B CO2 and an upper layer is the 

aqueous solution of the composite absorbent. Thereafter, the lower layer of the mixed 

solution rich in A-C02 and B CO2 is separated. 

[0051 ] 3) Thermal decomposition is conducted on the separated mixed solution rich in 

ACO2 and B-CC^. A temperature of the thermal decomposition is controlled at 100°C, a 

pressure of an outlet of a regeneration tower is controlled at 0.3 atm, and a heating time is 

controlled at 2 min. A-CC^is firstly decomposed, in another word, A-CO2 is decomposed 
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into A and CO2, while B • CO2 is not prone to release CO2 at such condition. Because C02 

inB-C02is easily captured by A to form A-CC>2 whichcontinues to be decomposed and 

release CO2, so that highC02 gas and the aqueous solution of the composite absorbent are 

obtained. 

[0052] 4) The aqueous solution of the composite absorbent obtained in step 3) is returned 

to step 1) as the CO2 absorbent for recycling; 

[0053] 5) The highC02 gas separated from step 3) is cooled to condense hot water vapor 

therein, during which, the highC02 gas is cooled to a temeprature of 30°C, and a cooling 

time is controlled at 1.5 min. Thus, a large amount of water vapor is condensed and 

returned to a decomposition tower for recycling. 

[0054] 6) The highC02 gas after the cooling treatment in step 5) is introduced to the 

gasseparator for gasseparation. Condensed water therein is removed, and CO2 gas having 

a purity of exceeding 99% is obtained. 

[0055] 7) The highly purified CC>2gas obtained in step 6) is desiccated (at a temperature 

of 110°C for between 2 min), compressed by a compressor, and condensed by a 

condenser to enable a temeprature thereof to be 20°C and a pressure thereof to be 72 atm, 

and transform the highly purified CO2 gas into a liquid state, thereby obtaining a 

highindustrial liquid C02. 

[0056] Experiment results are as follows: 

[0057] A content of CO2 in the flue gas at the inlet of the absorption tower is 12 v. %, and 

a content of CO2 in the flue gas at the outlet of the absorption tower is 0.7 v.%, thus, an 

absorption efficiency of carbon dioxide reaches94.2%. 

[0058] Energy consumption for regeneration after absorption of CO2 for the conventional 

MEA is 2.1 x 107kJ/h, and the energy consumption for regeneration tested in this 

experiment is 1.52xl07kJ/h, so that the energy consumption is decreased by 27.6%. 
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[0059] As shown in FIG. 1, an apparatus for collecting carbon dioxide from flue gas of a 

power plant according to the above method, the apparatus comprises: an absorption tower 

1, a sedimentation pool 7 comprising slanting boards, a second heat exchanger 23, a first 

heat exchanger 21, a regeneration tower 22, a gasliquid separator 19, a desiccator 18, a 

compressor 17, and a condenser 16. 

[0060] The absorption tower 1 is a pneumatic bubbling tower. A filler layer is disposed at 

an upper part of the absorption tower 1, a pneumatic bubbling layer is disposed at a 

middle part the absorption tower 1, and a sieve plate is disposed at a lower part of the 

absorption tower 1. The regeneration tower 22 is the sieve plate tower. 

[0061] The sieve plates 5, the pneumatic bubbling layer 4, the filler layer 3, and the 

demister 26 are respectively arranged bottom up in the absorption tower 1 between a flue 

gas inlet 6 arranged the lower part of the absorption tower 1 and a flue gas outlet 27 

arranged on a top of the absorption tower 1. The absorption tower 1 is further provided 

with a spray layer 2, and the spray layer 2 is provided with between 2 and 4 spray pipes. 

Three spray pipes are shown in FIG. 1, a first spray pipe is disposed above the sieve plate 

5, a second is disposed above the pneumatic bubbling layer 4, and a third are disposed 

above the filler layer 3. A plurality of nozzles 25 are disposed on each spray pipe. The 

specific number of the nozzles is determined according to the flow rate, and generally 

each spray pipe is provided with between 2 and 20 nozzles. The sieve plate 5 comprises 

circular through, and an area ratio of the circular throughand the sieve plate 5 is between 

30 and 40%. The demister 26 is provided with an upper filter screen, a lower filter screen, 

and a spray unit disposed therebetween, so that the composite absorbent drops trapped in 

the flue gas are completely removed. 

[0062] A rich solution outlet arranged at a bottom of the absorption tower 1 is connected 

to an inlet of the sedimentation pool 7 comprising the slanting boards via a pipe, so that 

the rich solution from the bottom of the absorption tower 1 flows into the sedimentation 
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pool 7 comprising the slanting boards for stratification. A supernatant in the 

sedimentation pool 7 comprising the slanting boards is the aqueous solution of the 

composite absorbent, and a bottom flow therein is primarily a mixed aggregated liquid of 

a product of the composite absorbent. A bottom flow outlet of the sedimentation pool 7 

comprising the slanting boards is connected to a first medium (a mixed aggregated liquid) 

inlet of a second heat exchanger 23 (for conducting a first heating) via a pipe where a rich 

solution pump 8 is disposed. A supernatant overflow of the sedimentation pool 7 

comprising the slanting boards is connected to an inlet of a circulating absorption solution 

storage tank 10 via a pipe. An outlet of the circulating absorption solution storage tank 10 

is connected to a spray pipe of a spray layer 2 in the absorption tower 1 via a pipe where 

an absorption solution circulating pump 9 is disposed. 

[0063] A first medium (the mixed aggregated liquid) outlet of the second exchange 23 is 

connected to a first medium (the mixed aggregated liquid) inlet of a first heat exchanger 

21 (for conducting a second heating) via a pipe. A first medium (the mixed aggregated 

liquid) outlet of the first heat exchanger 21 is connected to an inlet disposed on an upper 

part of the regeneration tower 22 via a pipe. A gas outlet disposed on a top of the second 

heat exchanger 23 is connected to a pipe connecting the first heat exchanger 21 and a 

cooler 20. A gas outlet disposed on an upper part of the regeneration tower 22 is 

connected to a second medium (gas, heating the first medium) inlet of the first heat 

exchanger 21 via a pipe. A second medium outlet of the first heat exchanger 21 is 

connected to an inlet of the cooler 20 via a pipe. An outlet of the cooler 20 is connected to 

an inlet of the gasseparator 19 via a pipe. 

[0064] A reboiler 14 matching with the regeneration tower 22 is disposed outside the 

bottom of the regeneration tower. An outlet of the reboiler 14 is connected to a liquid 

storage tank arranged at the bottom of the regeneration tower via a pipe. An inlet of the 

reboiler 14 is connected to the liquid storage tank at the bottom of the regeneration tower 

via a pipe. A liquid outlet disposed on a lower part of the regeneration tower 22 is 
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connected to a second medium inlet of the second heat exchanger 23 via a pipe where a 

lean solution pump 13 is disposed. A second medium outlet of the second heat exchanger 

23 is connected to the inlet of the circulating absorption solution storage tank 10 via a 

pipe where a filter 24 is disposed. 

[0065] A gas outlet of the gasseparator 19 is in series connection with the desiccator 18, 

the compressor 17, the condenser 16, and a liquid carbon dioxide storage tank 15, 

respectively. A condensate overflow of the gasliquid separator 1.9 is connected to the inlet 

of the circulating absorption solution storage tank 10 via a pipe. 

[0066] A solution storage tank 12 for storing the aqueous solution of the composite 

absorbent is connected to the inlet of the circulating absorption solution storage tank 10 

via a pipe where a solution pump is disposed ll(supplemental aqueous solution of the 

composite absorbent and water are added to the solution storage tank 12). 

[0067] The above devices are generally common devices in the field of chemical industry, 

and specific structures thereof will not be repeatedly illustrated herein. 

[0068] The sieve plate are arranged above the flue gas inlet in the lower part of the 

absorption tower for facilitating even distribution of the flue gas and gascontact. The area 

ratio of the through holes and the sieve plate is controlled between 20 and 40 %. Thus, in 

one respect, after the upwardly flowing flue gas passes the sieve plate, the flow 

distribution thereof becomes more evenly, dead angle of the flue gas flow is effectively 

eliminated, thereby being beneficial for the full contact between the flue gas and the 

absorbent solution; and in the other respect, under the action of the interactive jet of a 

plurality sets of nozzles, a spray coverage on the cross section of the absorption tower 

reaches exceeding 300%, so that the carbon dioxide in flue gas fully contacts with and 

reacts with the absorbent solution, thereby being absorbed. 

[0069] The leanrich solution heat exchangers are designed. The rich solution outlet 

arranged at the sedimentation pool 7 comprising the slanting boards is connected to the 
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inlet arranged on the upper part of the regeneration tower via the rich solution pump, the 

second (leansolution) heat exchanger, and the first heat exchanger. The lean solution 

outlet of the regeneration tower is connected to the liquid inlet arranged on the upper part 

of the circulating absorption solution storage tank via the lean solution pump and the 

second (leansolution) heat exchanger. Thus, exhaust heat of the lean solution in the 

regeneration tower and the flue gas at the outlet of the regeneration tower are utilized to 

preheat the rich solution introduced into the regeneration tower. Meanwhile, temperatures 

of the lean solution discharged from the lower part of the regeneration tower and the flue 

gas discharged from the upper part of the regeneration tower are decreased, thereby 

realizing a virtuous circulation of the heat exchange and saving the heat energy resource. 

[0070] Working process of the method and the apparatus for collecting flue gas are as 

follows: 

[0071 ] The flue gas from the rear part of the power plant boiler after the common 

treatments of dust removal and desulfurization is introduced into the absoiption tower 1 

via the flue gas inlet 6 arranged at the lower part the absorption tower 1. The flue gas 

flows upwardly and passes the sieve plate 5, the pneumatic bubbling layer 4, and the filler 

layer 3, respectively. Meanwhile, the aqueous solution of the composite absorbent is 

sprayed downwardly from the spray layer 2. The liquidgas ratio is controlled at between 5 

and 25 L/m3. A temperature of the reaction between CO2 in the flue gas and the aqueous 

solution of the composite absorbent is preferably controlled at between 40 and 55°C, and 

a reaction pressure is controlled at between 0.01 and 10 atm. Thus, CO2 in the flue gas 

fully contacts with the aqueous solution of the composite absorbent in the filler layer 3 

and the pneumatic bubbling layer 4, and CO2 are chemical composited or absorbed in the 

solution. 

[0072] The flue gas after removal of a large amount of C02 continuously flows upwardly, 

frog droplets of the absorbent therein are removed by the demister 26 arranged on the top 

15 



of the absorption tower 1, and clean flue gas are directly discharged into the atmosphere. 

The rich solution after CO2 absorption falls to the bottom of the absorption tower, and 

flows to the sedimentation pool 7 comprising the slanting boards for aggregation and 

stratification. A resulting supernatant is a solution containing a small amount of the 

composite absorbent, and a bottom flow mainly contains aggregated slurry of the product 

of the composite absorbent. The bottom flow in the sedimentation pool comprising the 

slanting boards is transported by the rich solution pump to be heated for the first time in 

the tube side of the second heat exchanger 23 (the leansolution heat exchanger) and be 

heated for the second time in the first heat exchanger 21, and then enters the regeneration 

tower 22 via the inlet arranged on the upper part therein. A partial of dissolved or 

absorbed CC^is released from the rich solution after being heated by the second heat 

exchanger 23 (the leansolution heat exchanger). 

[0073] The rich solution compositing or absorbing CO2 is sprayed into the regeneration 

tower 22, and passes through each sieve plate, respectively. The product of the composite 

absorbent is heated by the upwardly flowing vapor and decomposed, so that CO2 is 

released. Incompletely decomposed slurry of the product of the composite absorbent falls 

to the bottom of the regeneration tower, heated by the reboiler 14 arranged at the bottom 

of the regeneration tower to a temperature of between 80 and 110°C, thereby further 

decomposing highconcentrated CO2 and completely decomposing the product of the 

composite absorbent. 

[0074] The released CO2 gas together with a large amount of water vapor flow out of the 

regeneration tower 22 via the gas outlet arranged on the upper part thereof, and enters the 

first heat exchanger 21, and heat the rich solution heated by the second heat exchanger 23 

(the leansolution heat exchanger). After the heat exchange, the gas is mixed with the gas 

released from the heating by the second heat exchanger 23 (the leanrich solution heat 

exchanger) and the mixed gas is introduced to the cooler 20, where the CO2 gas is cooled 

to a temperature between 25 and 35°C, and a large amount of water vapor therein is 
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condensed and separated. 

[0075] The solution of the composite absorbent decomposed in the regeneration tower 22 

is pumped by the lean solution pump 13 and is introduced to the tube side of the second 

heat exchanger 23 (the leansolution heat exchanger) for releasing the heat energy. The 

cooled solution of the composite absorbent is introduced to the filer 24, where the 

dissolved heavy metal or impurities in the reaction in the flue gas produced are removed. 

A purified solution of the composite absorbent flows into the circulating absorption 

solution storage tank 10. Supplemental composite absorbent and process water are added 

to the solution storage tank 12 and are transported to the circulating absorption solution 

storage tank 10 via the solution pump 11. The circulating absorbing solution is 

transported by the absorption solution circulating pump to the spray layer 2 in the 

absorption tower and is sprayed and then absorbed. 

[0076] The highly purified CO2 gas after the treatment of the cooler 20 is introduced to 

the gasseparator 19. Condensed liquid trapped in the CO2 gas are completely separated 

under the centrifugal action, and the CO2 gas having the purity exceeding 99% is 

acquired. The separated condensing liquid flows from the condensate outlet of the 

gasseparator 19 into the circulating absorption solution storage tank 10 for recycling. The 

separated highly purified C02 is then desiccated by the desiccator 18, compressed by the 

compressor 17, and condensed by the condenser 16 and is transformed into a liquid state. 

The highindustrial liquid CO2 is obtained and finally transported to the liquid carbon 

dioxide storage tank 15 for storage. 

Example 2 

[0077] A method for collecting carbon dioxide from flue gas of a power plant, the method 

comprises the following steps: 
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[0078] 1) An organic amine and a functionalized ionic liquid in a molar ratio of 1.1:1 are 

collected. The organic amine, the functionalized ionic liquid, and water are mixed to 

obtain an aqueous solution of a composite absorbent having a concentration of 40 wt. %. 

[0079] The functionalized ionic liquid is an ionic liquid comprising an amino group and 

is l(l)bromide. 

[0080] The organic amine is Nmethyldiethanolamine (MDEA). 

[0081] The aqueous solution of the composite absorbent comprising the organic amine 

and the ionic liquid is used as a C02 absorbent. The aqueous solution of the composite 

absorbent is evenly sprayed into the flue gas from a rear part of a power plant boiler after 

common treatments of dust removal and desulfurization, so that the flue gas flowing 

upwardly fully contacts with the downwardly sprayed aqueous solution of the composite 

absorbent to allow CO2 in the flue gas to react with the composite absorbent and to be 

absorbed. 

[0082] A liquidgas ratio (the liquid herein means the aqueous solution of the composite 

absorbent, and the gas herein means the flue gas) is controlled at 20 L/m3. A temperature 

of the reaction between CO2 in the flue gas and the aqueous solution of the composite 

absorbent is controlled at 50°C, and a pressure at an inlet of the absorption tower is 

controlled at 1.2 atm. Thus, the aqueous solution of the composite absorbent is able to 

fully react with CO2 in the flue gas at the proper temperature and pressure, and a solution 

rich in A C02 and BC02 is yielded, in which, A represents the organic amine and B 

represents the functionalized ionic liquid. 

[0083] 2) Matters of A C02 and BC02 after absorbing CO2 are selfaggregated, and the 

solution rich in A C02 and BC02 is stilled and clarified to form different liquid layers. A 

lower layer is a mixed solution rich in A-CCh and BC02 and an upper layer is the 

aqueous solution of the composite absorbent. Thereafter, the lower layer of the mixed 

solution rich in A C02 and B-C02 is separated. 
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[0084] 3) Thermal decomposition is conducted on the separated mixed solution rich in 

A-C02 and B-CC^. A temperature ofthe thermal decomposition is controlled at 100°C, a 

pressure of an outlet of a regeneration tower is controlled at 0.3 atm, and a heating time is 

controlled at 2 min. A-C02 is firstly decomposed, in another word, A C02 is decomposed 

into A and CO2, while B • CO2 is not prone to release CO2 at such condition. Because C02 

in B-C02is easily captured by Ato form A CO2 whichcontinues to be decomposed and 

release CO2, so that highC02 gas and the aqueous solution of the composite absorbent are 

obtained. 

[0085] 4) The aqueous solution of the composite absorbent obtained in step 3) is returned 

to step 1) as the C02 absorbent for recycling; 

[0086] 5) The highC02 gas separated from step 3) is cooled to condense hot water vapor 

therein, during which, the highC02 gas is cooled to a temeprature of 30°C, and a cooling 

time is controlled at 1.5 min. Thus, a large amount of water vapor is condensed and 

returned to a decomposition tower for recycling. 

[0087] 6) The highC02 gas after the cooling treatment in step 5) is introduced to the 

gasseparator for gasseparation. Condensed water therein is removed, and CO2 gas having 

a purity of exceeding 99% is obtained. 

[0088] 7) The highly purified C02 gas obtained in step 6) is desiccated (at a temperature 

of 110°C for between 2 min), compressed by a compressor, and condensed by a 

condenser to enable a temeprature thereof to be 20°C and a pressure thereof to be 72 atm, 

and transform the highly purified CO2 gas into a liquid state, thereby obtaining a 

highindustrial liquid CO2. 

[0089] Experiment results are as follows: 

[0090] A content of C02 in the flue gas at the inlet of the absorption tower is 12 v. %, and 

a content of CO2 in the flue gas at the outlet of the absorption tower is 0.4 v. %, thus, an 
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absorption efficiency of carbon dioxide reaches96.7%. 

[0091] Energy consumption for regeneration after absorption of CO2 for the conventional 

MEA is 2.1 x 107kJ/h, and the energy consumption for regeneration tested in this 

experiment is 1.46x10 kJ/h, so that the energy consumption is decreased by 30.5%. 

Example 3 

[0092] A method for collecting carbon dioxide from flue gas of a power plant, the method 

comprises the following steps: 

[0093] 1) An organic amine and an ionic liquid in a molar ratio of 1.05:1 are collected. 

The organic amine, the ionic liquid, and water are mixed to obtain an aqueous solution of 

a composite absorbent having a concentration of 40 wt. %. 

[0094] The ionic liquid is a polymeric ionic liquid, and the polymeric ionic liquid is poly 

1 (4)tetrafluoroborate. 

[0095] The organic amine comprises ethanolamine (MEA) and N(MDEA); and dosages 

of MEA and MDEA account for 1/2 of a total weight of the organic amine, respectively. 

[0096] The aqueous solution of the composite absorbent comprising the organic amine 

and the ionic liquid is used as a CO2 absorbent. The aqueous solution of the composite 

absorbent is evenly sprayed into the flue gas from a rear part of a power plant boiler after 

common treatments of dust removal and desulfurization, so that the flue gas flowing 

upwardly fully contacts with the downwardly sprayed aqueous solution of the composite 

absorbent to allow CO2 in the flue gas to react with the composite absorbent and to be 

absorbed. 

[0097] A liquidgas ratio (the liquid herein means the aqueous solution of the composite 

absorbent, and the gas herein means the flue gas) is controlled at 20 L/m3. A temperature 

20 



of the reaction between C02 in the flue gas and the aqueous solution of the composite 

absorbent is controlled at 50°C, and a pressure at an inlet of the absorption tower is 

controlled at 1.2 atm. Thus, the aqueous solution of the composite absorbent is able to 

fully react with CO2 in the flue gas at the proper temperature and pressure, and a solution 

rich in A-C02 and BCO2 is yielded, in which, A represents the organic amine and B 

represents the functionalized ionic liquid. 

[0098] 2) Matters of A • CO2 and B • CO2 after absorbing C02 are selfaggregated, and the 

solution rich in A-C02 and B CO2 is stilled and clarified to form different liquid layers. A 

lower layer is a mixed solution rich in A CO2 and B C02 and an upper layer is the 

aqueous solution of the composite absorbent. Thereafter, the lower layer of the mixed 

solution rich in A-C02 and B CO2 is separated. 

[0099] 3) Thermal decomposition is conducted on the separated mixed solution rich in 

ACO2 and BCO2. A temperature of the thermal decomposition is controlled at 100°C, a 

pressure of an outlet of a regeneration tower is controlled at 0.3 atm, and a heating time is 

controlled at 2 min. A CO2 is firstly decomposed, in another word, A CO2 is decomposed 

into A and CO2, while B-C02is not prone to release CO2 at such condition. Because CO2 

in B-C02 is easily captured by A to form A-CC>2 whichcontinues to be decomposed and 

release CO2, so that highCC>2 gas and the aqueous solution of the composite absorbent are 

obtained. 

[0100] 4) The aqueous solution of the composite absorbent obtained in step 3) is returned 

to step 1) as the CO2 absorbent for recycling; 

[0101] 5) The highC02 gas separated from step 3) is cooled to condense hot water vapor 

therein, during which, the highC02 gas is cooled to a temeprature of 30°C, and a cooling 

time is controlled at 1.5 min. Thus, a large amount of water vapor is condensed and 

returned to a decomposition tower for recycling. 

[0102] 6) The highCCh gas after the cooling treatment in step 5) is introduced to the 
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gasseparator for gasseparation. Condensed water therein is removed, and CO2 gas having 

a purity of exceeding 99% is obtained. 

[0103] 7) The highly purified CO2 gas obtained in step 6) is desiccated (at a temperature 

of 110°C for between 2 min), compressed by a compressor, and condensed by a 

condenser to enable a temeprature thereof to be 20°C and a pressure thereof to be 72 atm, 

and transform the highly purified CO2 gas into a liquid state, thereby obtaining a 

highindustrial liquid CO2. 

[0104] Experiment results are as follows: 

[0105] A content of CO2 in the flue gas at the inlet of the absorption tower is 12 v. %, and 

a content of CO2 in the flue gas at the outlet of the absorption tower is 0.6 v. %, thus, an 

absorption efficiency of carbon dioxide reaches95%. 

[0106] Energy consumption for regeneration after absorption of C02 for the conventional 

MEA is 2.1 x 107kJ/h, and the energy consumption for regeneration tested in this 

experiment is 1.49><107kJ/h, so that the energy consumption is decreased by 29.1%. 

Example 4 

[0107] A method for collecting carbon dioxide from flue gas of a power plant is basically 

the same as that in Example 1 except that the molar ratio of the organic amine and the 

ionic liquid is 1:1; the organic amine, the ionic liquid, and water are mixed and a resulting 

aqueous solution of a composite absorbent has a concentration of 30 wt. %. 

[0108] Experiment results are as follows: 

[0109] A content of CO2 in the flue gas at the inlet of the absorption tower is 12 v. %, and 

a content of C02 in the flue gas at the outlet of the absorption tower is 0.7 v. %, thus, an 

absorption efficiency of carbon dioxide reaches94.2%. 
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[0110] Energy consumption for regeneration after absorption of C02 for the conventional 

MEA is 2.1 x 107kJ/h, and the energy consumption for regeneration tested in this 

experiment is 1.52xl07kJ/h, so that the energy consumption is decreased by 27.6%. 

Example 5 

[0111 ] A method for collecting carbon dioxide from flue gas of a power plant is basically 

the same as that in Example 1 except that the liquidgas ratio in step 1) is controlled at 5 

L/m3, the temperature of the reaction between CO2 in the flue gas and the aqueous 

solution of the composite absorbent is controlled at 40°C, and the reaction pressure is 

controlled at 0.01 atm. 

[0112] Experiment results are as follows: 

[0113] A content of C02 in the flue gas at the inlet of the absorption tower is 12 v. %, and 

a content of C02 in the flue gas at the outlet of the absorption tower is 0.7 v. %, thus, an 

absoiption efficiency of carbon dioxide reaches94.2%. 

[0114] Energy consumption for regeneration after absorption of CO2 for the conventional 

MEA is 2.1 x 107kJ/h, and the energy consumption for regeneration tested in this 

experiment is 1.52xl07kJ/h, so that the energy consumption is decreased by 27.6%. 

Example 6 

[0115] A method for collecting carbon dioxide from flue gas of a power plant is basically 

the same as that in Example 1 except that the liquidratio in step 1) is controlled at 25 

L/m3, the temperature of the reaction between CO2 in the flue gas and the aqueous 

solution of the composite absorbent is controlled at 55°C, and the reaction pressure is 

controlled at 10 atm. 
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[0116] Experiment results are as follows: 

[0117] A content of CO2 in the flue gas at the inlet of the absorption tower is 12 v. %, and 

a content of C02 in the flue gas at the outlet of the absorption tower is 0.7 v. %, thus, an 

absorption efficiency of carbon dioxide reaches94.2%. 

[0118] Energy consumption for regeneration after absorption of C02 for the conventional 

MEA is 2.1xio7kJ/h, and the energy consumption for regeneration tested in this 

experiment is 1.52* 107kJ/h, so that the energy consumption is decreased by 27.6%. 

Example 7 

[0119] A method for collecting carbon dioxide from flue gas of a power plant is basically 

the same as that in Example 1 except that thermal decomposition in step 3) is performed 

at a temperature of 80°C, a pi-essure of 0.01 atm, and a heating time of 1 min. 

[0120] Experiment results are as follows: 

[0121 ] A content of C02 in the flue gas at the inlet of the absorption tower is 12 v. %, and 

a content of C02 in the flue gas at the outlet of the absorption tower is 0.7 v. %, thus, an 

absorption efficiency of carbon dioxide reaches94.2%. 

[0122] Energy consumption for regeneration after absorption of C02 for the conventional 

MEA is 2.1 x 107kJ/h, and the energy consumption for regeneration tested in this 

experiment is 1.52xl07kJ/h, so that the energy consumption is decreased by 27.6%. 

Example 8 

[0123] A method for collecting carbon dioxide from flue gas of a power plant is basically 

the same as that in Example 1 except that thermal decomposition in step 3) is performed 

at a temperature of 110°C, a pressure of 10 atm, and a heating time of 5 min. 
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[0124] Experiment results are as follows: 

[0125] A content of C02 in the flue gas at the inlet of the absorption tower is 12 v. %, and 

a content of C02 in the flue gas at the outlet of the absorption tower is 0.7 v. %, thus, an 

absorption efficiency of carbon dioxide reaches94.2%. 

[0126] Energy consumption for regeneration after absorption of C02 for the conventional 

MEA is 2.1 x 107kJ/h, and the energy consumption for regeneration tested in this 

experiment is 1.52xl07kJ/h, so that the energy consumption is decreased by 27.6%. 

Example 9 

[0127] A method for collecting carbon dioxide from flue gas of a power plant is basically 

the same as that in Example 1 except that during the cooling treatment in step 5), the high 

concentrated C02 gas is cooled to a temeprature of 20°C, and a cooling time is controlled 

at 1 min. 

[0128] Experiment results are as follows: 

[0129] A content of C02 in the flue gas at the inlet of the absorption tower is 12 v. %, and 

a content of C02 in the flue gas at the outlet of the absorption tower is 0.7 v. %, thus, an 

absorption efficiency of carbon dioxide reaches94.2%. 

[0130] Energy consumption for regeneration after absorption of C02 for the conventional 

MEA is 2.1 x 107kJ/h, and the energy consumption for regeneration tested in this 

experiment is 1.52x \ 07kJ/h, so that the energy consumption is decreased by 27.6%. 

Example 10 

[0131] A method for collecting carbon dioxide from flue gas of a power plant is basically 

the same as that in Example 1 except that during the cooling treatment in step 5), the 

25 



highCC>2 gas is cooled to a temeprature of 35°C, and a cooling time is controlled at 5 min. 

[0132] Experiment results are as follows: 

[0133] A content of CO2 in the flue gas at the inlet of the absorption tower is 12 v. %, and 

a content of CO2 in the flue gas at the outlet of the absorption tower is 0.7 v. %, thus, an 

absorption efficiency of carbon dioxide reaches94.2%. 

[0134] Energy consumption for regeneration after absorption of C02 for the conventional 

MEA is 2.1xl07kJ/h, and the energy consumption for regeneration tested in this 

experiment is 1.52x10 kJ/h, so that the energy consumption is decreased by 27.6%. 

Example 11 

[0135] A method for collecting carbon dioxide from flue gas of a power plant is basically 

the same as that in Example 1 except that the desiccation treatment in step 7) is 

performed at a temeprature of 110°C and a time is controlled at 0.1 min 

[0136] Experiment results are as follows: 

[0137] A content of CO2 in the flue gas at the inlet of the absoiption tower is 12 v. %, and 

a content of CO2 in the flue gas at the outlet of the absorption tower is 0.7 v. %, thus, an 

absorption efficiency of carbon dioxide reaches94.2%. 

[0138] Energy consumption for regeneration after absoiption of CO2 for the conventional 

MEA is 2.1 x 107kJ/h, and the energy consumption for regeneration tested in this 

experiment is 1.52x 107kJ/h, so that the energy consumption is decreased by 27.6%. 

Example 12 

[0139] A method for collecting carbon dioxide from flue gas of a power plant is basically 
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the same as that in Example 1 except that the desiccation treatment in step 7) is 

performed at a temeprature of 110°C and a time is controlled at 5 min. 

[0140] Experiment results are as follows: 

[0141] A content of CO2 in the flue gas at the inlet of the absorption tower is 12 v. %, and 

a content of CO2 in the flue gas at the outlet of the absorption tower is 0.7 v. %, thus, an 

absorption efficiency of carbon dioxide reaches94.2%. 

[0142] Energy consumption for regeneration after absorption of CO2 for the conventional 

MEA is 2.1><107ld/h, and the energy consumption for regeneration tested in this 

experiment is 1.52><107kJ/h, so that the energy consumption is decreased by 27.6%. 

Example 13 

[0143] A method for collecting carbon dioxide from flue gas of a power plant is basically 

the same as that in Example 1 except that the ionic liquid is ltetrafluoroborate of a 

conventional ion liquid. 

[0144] Experiment results are as follows: 

[0145] A content of C02 in the flue gas at the inlet of the absorption tower is 12 v. %, and 

a content of CO2 in the flue gas at the outlet of the absoiption tower is 0.7 v. %, thus, an 

absorption efficiency of carbon dioxide reaches94.2%. 

[0146] Energy consumption for regeneration after absorption of CO2 for the conventional 

MEA is 2.1xl0?ld/h, and the energy consumption for regeneration tested in this 

experiment is 1.52x 107kJ/h, so that the energy consumption is decreased by 27.6%. 

Example 14 
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[0147] A method for collecting carbon dioxide from flue gas of a power plant is basically 

the same as that in Example 1 except that the ionic liquid is 1 

bis(trifluoromethy!sulfonyl)imide of a conventional ion liquid. 

[0148] Experiment results are as follows: 

[0149] A content of CO2 in the flue gas at the inlet of the absorption tower is 12 v. %, and 

a content of CO2 in the flue gas at the outlet of the absorption tower is 0.7 v. %, thus, an 

absorption efficiency of carbon dioxide reaches94.2%. 

[0150] Energy consumption for regeneration after absorption of CO2 for the conventional 

MEA is 2.1 x 107kJ/h, and the energy consumption for regeneration tested in this 

experiment is 1.52* 107kJ/h, so that the energy consumption is decreased by 27.6%. 

Example 15 

[0151] A method for collecting carbon dioxide from flue gas of a power plant is basically 

the same as that in Example 1 except that the ionic liquid is lhexafluorophosphate of a 

conventional ion liquid. 

[0152] Experiment results are as follows: 

[0153] A content of CO2 in the flue gas at the inlet of the absorption tower is 12 v. %, and 

a content of C02 in the flue gas at the outlet of the absorption tower is 0.7 v. %, thus, an 

absorption efficiency of carbon dioxide reaches94.2%. 

[0154] Energy consumption for regeneration after absorption of CO2 for the conventional 

MEA is 2.1 x 107kJ/h, and the energy consumption for regeneration tested in this 

experiment is 1.52x 107kJ/h, so that the energy consumption is decreased by 27.6%). 

Example 16 
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[0155] A method for collecting carbon dioxide from flue gas of a power plant is basically 

the same as that in Example 1 except that the ionic liquid includes J butyl 

hexafluorophosphate, lbis(trifluoromethylsulfonyl)imide, and 1 hexafluorophosphate of a 

conventional ion liquid; and dosages thereof account for 1/3 of a total weight of the ionic 

liquid, respectively. 

[0156] Experiment results are as follows: 

[0157] A content of CO2 in the flue gas at the inlet of the absorption tower is 12 v. %, and 

a content of CO2 in the flue gas at the outlet of the absorption tower is 0.7 v. %, thus, an 

absorption efficiency of carbon dioxide reaches94.2%. 

[0158] Energy consumption for regeneration after absorption of CO2 for the conventional 

MEA is 2.1 x 107kJ/h, and the energy consumption for regeneration tested in this 

experiment is 1.52x 107kJ/h, so that the energy consumption is decreased by 27.6%. 

Example 17 

[0159] A method for collecting carbon dioxide from flue gas of a power plant is basically 

the same as that in Example 1 except that the ionic liquid includes a conventional ionic 

liquid and a functionalized ionic liquid, and dosages thereof account for 1/2 of a total 

weight of the ionic liquid, respectively. 

[0160] The conventional ionic liquid is lbutyltetrafluoroborate; and the functionalized 

ionic liquid is l(l)bromide. 

[0161] Experiment results are as follows: 

[0162] A content of CO2 in the flue gas at the inlet of the absorption tower is 12 v. %, and 

a content of CO2 in the flue gas at the outlet of the absorption tower is 0.7 v. %, thus, an 

absorption efficiency of carbon dioxide reaches94.2%. 

29 



[0163] Energy consumption for regeneration after absoiption of CO2 for the conventional 

MEA is 2.1 x 107kJ/h, and the energy consumption for regeneration tested in this 

experiment is 1.52* 107kJ/h, so that the energy consumption is decreased by 27.6%. 

Example 18 

[0164] A method for collecting carbon dioxide from flue gas of a power plant is basically 

the same as that in Example 1 except that the ionic liquid includes: a conventional ionic 

liquid, a functionalized ionic liquid, and a polymeric ionic liquid; and dosages thereof 

account for 1/3 of a total weight of the ionic liquid, respectively. 

[0165] The conventional ionic liquid is ltyltetrafluoroborate; and the functionalized ionic 

liquid is l(l)bromide; and the polymeric ionic liquid is poly(4)tetrafluoroborate 

[0166] Experiment results are as follows: 

[0167] A content of CO2 in the flue gas at the inlet of the absorption tower is 12 v. %, and 

a content of CO2 in the flue gas at the outlet of the absorption tower is 0.7 v. %, thus, an 

absorption efficiency of carbon dioxide reaches94.2%. 

[0168] Energy consumption for regeneration after absorption of C02 for the conventional 
>-1 

MEA is 2.1 x 10 kJ/h, and the energy consumption for regeneration tested in this 

experiment is 1.52x 107 lcJ/h, so that the energy consumption is decreased by 27.6%. 

Example 19 

[0169] A method for collecting carbon dioxide from flue gas of a power plant is basically 

the same as that in Example 2 except that the functionalized ionic liquid is 1 (3) 

tetrafluoroborate. 

[0170] Experiment results are as follows: 
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[0171] A content of CO2 in the flue gas at the inlet of the absorption tower is 12 v. %, and 

a content of CO2 in the flue gas at the outlet of the absorption tower is 0.4 v. %, thus, an 

absorption efficiency of carbon dioxide reaches96.7%. 

[0172] Energy consumption for regeneration after absorption of CO2 for the conventional 

MEA is 2.1 x 107 kJ/h, and the energy consumption for regeneration tested in this 

experiment is 1.46><107 kJ/h, so that the energy consumption is decreased by 30.5%. 

Example 20 

[0173] A method for collecting carbon dioxide from flue gas of a power plant is basically 

the same as that in Example 2 except that the functionalized ionic liquid includes 1(1) 

bromide and 1 (3)tetrafluoroborate; and dosages thereof account for 1/2 of the total weight 

of the functionalized ionic liquid, respectively. 

[0174] Experiment results are as follows: 

[0175] A content of CO2 in the flue gas at the inlet of the absorption tower is 12 v. %, and 

a content of C02 in the flue gas at the outlet of the absorption tower is 0.4 v. %, thus, an 

absorption efficiency of carbon dioxide reaches96.7%. 

[0176] Energy consumption for regeneration after absorption of CO2 for the conventional 

MEA is 2.1 x 107 kJ/h, and the energy consumption for regeneration tested in this 

experiment is 1.46x 107 kJ/h, so that the energy consumption is decreased by 30.5%. 

Example 21 

[0177] A method for collecting carbon dioxide from flue gas of a power plant is basically 

the same as that in Example 3 except that the polymeric ionic liquid is poly(4tyryl) 

hexafluorophosphate. 
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[0178] Experiment results are as follows: 

[0179] A content of C02 in the flue gas at the inlet of the absoiption tower is 12 v. %, and 

a content of C02 in the flue gas at the outlet of the absorption tower is 0.6 v. %, thus, an 

absorption efficiency of carbon dioxide reaches95%. 

[0180] Energy consumption for regeneration after absorption of C02 for the conventional 

MEA is 2.1 x 107 kJ/h, and the energy consumption for regeneration tested in this 

experiment is 1.49* 107 kJ/h, so that the energy consumption is decreased by 29.1 %. 

Example 22 

[0181] A method for collecting carbon dioxide from flue gas of a power plant is basically 

the same as that in Example 3 except that the polymeric ionic liquid is polyl(4)imide. 

[0182] Experiment results are as follows: 

[0183] A content of C02 in the flue gas at the inlet of the absoiption tower is 12 v. %, and 

a content of C02 in the flue gas at the outlet of the absorption tower is 0.6 v. %, thus, an 

absoiption efficiency of carbon dioxide reaches95%. 

[0184] Energy consumption for regeneration after absorption of C02 for the conventional 

MEA is 2.1 x 107 kJ/h, and the energy consumption for regeneration tested in this 

experiment is 1.49x 107 kJ/h, so that the energy consumption is decreased by 29.1 %. 

Example 23 

[0185] A method for collecting carbon dioxide from flue gas of a power plant is basically 

the same as that in Example 3 except that the polymeric ionic liquid includes polyl(4) 

trifluoromethylsulfonyl imide and poly(4)tetrafluoroborate; and dosages thereof account 

for 1/2 of a total weight of the polymeric ionic liquid, respectively. 
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[0186] Experiment results are as follows: 

[0187] A content of C02 in the flue gas at the inlet of the absorption tower is 12 v. %, and 

a content of C02 in the flue gas at the outlet of the absorption tower is 0.6 v. %, thus, an 

absorption efficiency of carbon dioxide reaches95%. 

[0188] Energy consumption for regeneration after absorption of C02 for the conventional 

MEA is 2.1 x 107 kJ/h, and the energy consumption for regeneration tested in this 

experiment is 1.49><107 kJ/h, so that the energy consumption is decreased by 29.1%. 
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CLAIMS 

A method for collecting carbon dioxide from flue gas of a power plant, the method 

comprising the following steps: 

1) providing an organic amine and an ionic liquid in a molar ratio of (1.1): 1, 

mixing the organic amine, the ionic liquid, and water to obtain an aqueous 

solution of a composite absorbent having a concentration of between 20 and 40 

wt. %; 

using the aqueous solution of the composite absorbent comprising the organic 

amine and the ionic liquid as a C02 absorbent, evenly spraying the aqueous 

solution of the composite absorbent into the flue gas from a rear part of a 

power plant boiler after dust removal and desulfurization to allow the flue gas 

flowing upwardly to fully contact with the downwardly sprayed aqueous 

solution of the composite absorbent and to allow CO2 in the flue gas to react 

with the composite absorbent whereby absorbing CO2 and yielding a solution 

rich in A- C02 and B • C02, in which, A represents the organic amine and B 

represents the ionic liquid; and 
n 

controlling a liquidratio between 5 and 25 L/m , a reaction temperature of 

between 40 and 55°C, and a reaction pressure of between 0.01 and 10 atm; 

2) allowing the solution rich in A-C02 and B-CC^to stand and clarify under the 

action of selfto form different liquid layers comprising a lower layer being a 

mixed solution rich in A-C02 and B C02 and an upper layer being the aqueous 

solution of the composite absorbent; separating the lower layer to obtain the 

mixed solution rich in A-CC>2 and BCO2; 
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conducting heat exchange on the separated mixed solution rich in A CO2 and 

BCO2 to enable CO2 gas dissolved or absorbed by the aqueous solution of the 

composite absorbent therein to evaporate whereby yielding a mixed solution 

rich in A CO2 and B-C02 after heat exchange; 

3) thermally decomposing the mixed solution rich in A CO2 and BCO2 after heat 

exchange to release the chemically absorbed CO2, whereby obtaining highC02 

gas and the aqueous solution of the composite absorbent; 

4) returning the aqueous solution of the composite absorbent obtained in step 3) to 

step 1) as the C02 absorbent for recycling; 

5) cooling the highC02 gas separated from step 3) to condense water vapor 

therein; 

6) conducting gasseparation on the highC02 gas after the cooling treatment in step 

5) to remove a condensed water therein, whereby yielding CO2 gas having a 

purity of exceeding 99%; and 

7) desiccating, compressing, and condensing the CO2 gas having the purity of 

exceeding 99% obtained in step 6) to transform the C02 gas into a liquid state, 

whereby obtaining a highconcentrated industrial liquid CO2. 

2. The method of claim 1, characterized in that the ionic liquid in step 1) is selected 

from the group consisting of a conventional ionic liquid, a functionalized ionic liquid, 

a polymeric ionic liquid, and a mixture thereof in an arbitrary ratio. 

3. The method of claim 2, characterized in that the conventional ionic liquid is 

selected from the group consisting of an imidazole salt, a pyrrole salt, a pyridine salt, 

an ammonium salt, a sulfonate, and a mixture thereof in an arbitrary ratio. 
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4. The method of ciaim 2, characterized in that the functionalized ionic liquid is an 

ionic liquid comprising an amino group. 

5. The method of claim 2 or 3, characterized in that the conventional ionic liquid is 

selected from the group consisting of 1 tetrafluoroborate, 1 hexafluorophosphate, 1 

bis(trifluoromethylsulfonyl)imide, 1 hexafluorophosphate, and a mixture thereof in an 

arbitrary ratio. 

6. The method of claim 4, characterized in that the ionic liquid comprising an amino 

group is selected from the group consisting of 1 (l)bromide, l(3)tetrafluoroborate, and 

a mixture thereof in an arbitrary ratio. 

7. The method of claim 2, characterized in that the polymeric ionic liquid is selected 

from the group consisting of poly(4)tetrafluoroborate, poly(4)hexafluorophosphate, 

poly(4)imide, poly(4)trifluoromethyisulfonyl imide, poly(4)tetrafluoroborate, and a 

mixture thereof in an arbitrary ratio. 

8. The method of claim 1, characterized in that the organic amine in step 1) is selected 

from the group consisting of ethanolamine, Nmethyldiethanolamine, and a mixture 

thereof in an arbitrary ratio. 

9. The method of claim 1, characterized in that the thermal decomposition in step 3) is 

conducted at the temperature of between 80 and 110°C, a pressure of between 0.01 

and 10 atm, and a time of between 1 and 5 min. 

10. The method of claim 1, characterized in that the cooling treatment in step 5) 

comprises cooling the separated highconcentrated CO2 gas to between 20 and 35°C 

and controlling a cooling time to between 1 and 5 min. 

36 



11. An apparatus for collecting carbon dioxide from flue gas of a power plant according 

to the method of claim 1, the apparatus comprising: an absoiption tower (1), a 

sedimentation pool (7) comprising slanting boards, a regeneration tower (22), a 

gasseparator (19), a desiccator (18), a compressor (17), and a condenser (16); a rich 

solution flowing from a bottom of the absorption tower (1) into the sedimentation 

pool (7) comprising the slanting boards for stratification; a gas outlet of the 

gasseparator (19) being in series connection with the desiccator (18), the compressor 

(17), the condenser (16), and a liquid carbon dioxide storage tank (15), respectively; 

characterized in that 

a bottom flow outlet of the sedimentation pool (7) comprising the slanting 

boards is connected to a first medium inlet of a second heat exchanger (23) via a pipe 

where a rich solution pump (8) is disposed; a supernatant overflow of the 

sedimentation pool (7) comprising the slanting boards is connected to an inlet of a 

circulating absoiption solution storage tank (10) via a pipe; an outlet of the circulating 

absorption solution storage tank (10) is connected to a spray pipe of a spray layer (2) 

in the absorption tower (1) via a pipe where an absorption solution circulating pump 

(9) is disposed; 

a first medium outlet of the second exchange (23) is connected to a first 

medium inlet of a first heat exchanger (21) via a pipe; a first medium outlet of the 

first heat exchanger (21) is connected to an inlet disposed on an upper part of the 

regeneration tower (22) via a pipe; a gas outlet disposed on a top of the second heat 

exchanger (23) is connected to a pipe connecting the first heat exchanger (21) and a 

cooler (20); a gas outlet disposed on an upper part of the regeneration tower (22) is 

connected to a second medium inlet of the first heat exchanger (21) via a pipe; a 

second medium outlet of the first heat exchanger (21) is connected to an inlet of the 

cooler (20) via a pipe; an outlet of the cooler (20) is connected to an inlet of the gas 

liquid separator (19) via a pipe; 
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a liquid outlet disposed on a lower part of the regeneration tower (22) is 

connected to a second medium inlet of the second heat exchanger (23) via a pipe 

where a lean solution pump (13) is disposed; a second medium outlet of the second 

heat exchanger (23) is connected to the inlet of the circulating absoiption solution 

storage tank (10) via a pipe where a filter (24) is disposed; a condensate overflow of 

the gasseparator (19) is connected to the inlet of the circulating absorption solution 

storage tank (10) via a pipe; a solution storage tank (12) for storing the aqueous 

solution of the composite absorbent is connected to the inlet of the circulating 

absorption solution storage tank (10) via a pipe where a solution pump is disposed 

(11). 

12. The apparatus of claim 11, characterized in that 

the absorption tower (1) is a pneumatic bubbling tower; a sieve plate (5), a 

pneumatic bubbling layer (4), a filler layer (3), and a demister (26) are respectively 

arranged bottom up in the absoiption tower (1) between a flue gas inlet (6) arranged 

a lower part of the absorption tower (1) and a flue gas outlet (27) arranged on a top of 

the absorption tower (1); 

the absorption tower (1) is further provided with a spray layer (2), and the 

spray layer (2) is provided with between 2 and 4 spray pipes; a plurality of nozzles 

(25) are disposed on each spray pipe; 

the sieve plate (5) comprises circular through, and an area ratio of the circular 

throughand the sieve plate (5) is between 30 and 40%; and 

the demister (26) comprises: an upper filter screen, a lower filter screen, and a 

spray unit disposed therebetween. 
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