METHOD AND APPARATUS FOR CAPTURI NG CARBON DI OXIDE | N FLUE GAS W TH

ACTI VATED SODI UM CARBONATE FI ELD OF THE | NVEM ON [ 0001] The invention
relates to an emission reduction and resource utilization technol ogy of
carbon dioxide fromflue gas of a power plant boiler, and nore particularly
to a method and an apparatus for capturing carbon dioxide fromflue gas by
using active sodi um carbonate. BACKGROUND OF THE, | NVENTION [0002]
Greenhouse effect is one of the biggest environnental chall enges |acing

humani ty today. In all greenhouse gases, CO2 has the highest content, |ong
t er m exi stMETHORAND ABPéﬁMIé%FO&ﬁAPWUMN@CARB(m D OSE RO BL BES ect .
Thus, reduction of ssion is an inevitable requirenment of sustainable
devel opnent . Accordiogé‘ ISt C A YEEED P RMMLURBONBDY,  China's c2
emssion is 6.01 billion tons/year, which ranked the first in the world.
1623 sources of strong em ssion (the CO2 em ssion of a single source is
nore than 1 mllion tons/year) emt 3.9 billion tons/year, which account
for aboutpBp%OF TR em' ssion, Amjority of the sources of strong
em ssi on are coal - ]LI povver plants, and CO2 fromflue gas of coal-fired

power plants are |ong ter m and stably concentrated em ssion recourses.
Thus, to %Q/éle?p inseh g l@hﬂ%é@lalmtnmssvoarﬂdiuctasmmdc%outqeIutlhmuoomechmjhg;ol ogy of

carbon di e in fl s fro power plant boiler is very inportant for
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and princhfogatef the chem cal absorption rret hod is as follows: CQ2 in t he
flue gas is prone to react with and be absorbed by a chem cal

BACKGROUND OF THE INVENTION

[0002] Greenhouse effect is one of the biggest environmental challenges facing humanity
today. In all greenhouse gases, CO, has the highest content, long term existence, and the
greatest contribution to the greenhouse effect. Thus, reduction of CO, emission is an
inevitable requirement of sustainable development. According to statistics, by the end of
2007, China's CO, emission is 6.01 billion tons/year, which ranked the first in the world.
1623 sources of strong emission (the CO, emission of a single source is more than 1
million tons/year) emit 3.9 billion tons/year, which account for about 65% of a total CO,
emission. A majority of the sources of strong emission are coal-fired power plants, and
CO; from flue gas of coal-fired power plants are long term and stably concentrated
emission recourses. Thus, to develop emission reduction and resource utilization
technology of carbon dioxide in flue gas from a power plant boiler is very important for

preventing the economic development from being affected by the carbon emission target.

[0003] Several methods for capturing CO, have been developed. A chemical absorption
method is widely applied in industries, and principle of the chemical absorption method

is as follows: CO; in the flue gas is prone to react with and be absorbed by a chemical
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solvent. A rich solution of the chem cal solvent is acquired after
absorbing CO2 to an equilibriumstate; then the rich solution is introduced
into a regeneration tower, heated and deconposed for rel easing CO2 gas and
being transforned into a barren solution. After that, the barren sol ution
is recycled to absorb CO, fromthe flue gas. Thus, by circul ating an
absorbent sol ution between an absorption tower and the regeneration tower.
CQ2 in the flue gas is captured, separated and purified. Currently, the
chemi cal t A sorb CQ2 is
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in regeneration. This is nalnl use coal -fired power
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chemi cal gas resource: |) a large anount of the flue gas having a
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| NVENTI %lxpenswe amino alcohol absmbent. All these reasons account for the high cost of the

method for capturing carbon dioxide by using amino alcohol.

[0004] Sodium carbonate is first used in industrialized manufacture of CO, absorbents,
which absorbs CO;and produce NaHCO;. A temperature for complete decomposition of
NaHCOj3 into Na;COsand CO, is 20-30°C lower than a temperature of the regeneration
of amino alcohol. Thus, for energy consumption of regeneration, the method by using

sodium carbonate as the absorbent has an obvious advantage that it has 20-30% energy



[0006] In view of the above-described problens, it is one objective of the
invention to provide a nethod and an apparatus for capturing carbon dioxide
fromflue gas by using active sodium carbonate that have a sinple
processing, sinple structure of apparatus, |ow investnent, and | ow
production cost. The nethod and the apparatus conpletely adapt to the
characteristics of the flue gas of the power plant boiler, solve problens
of oxidative degradation of the organic am nes, serious corrosion on the
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the flue gas flow ng upwardly wth the downward y spraye absorbent and

for all OWoalngModnéltethaﬁalfﬂo'dﬂm@ﬂ%bén@oﬁéﬁact with the am no al cohol activator
and the aqueous sol ution of sodium carbonate: the anino al cohol activator
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free again I a COI’]SE uent ration reactron o ZW eri

inter rredloaib@natE’ﬁbs@r&m)w&dnfpr Sihgd I8 abYielr A Ot &PGEH A0 RRIAUnpGU ral i zed by
al kali ion C3B2 in the aqueous sol ution of sodium carbonate, and 11CC3-

producedCbm@mmBMEWhydmampmnmnmmnhn@mmcGhﬁawmgmgnwfbhwmamakhbﬂﬂmﬁht in the
aqueous sol ution of sodi um carbonate and precipitating to produce a sodi um
bi car bondgaedyithyngatisfied elferbe i wone pudetoicomnpsréipicippliestivet ween t he ami no

al cohol activator which is represented by capital letter A and the aqueous
solution of sodium carbonate (Na2C33) is explained: [0009] First, the am no
al cohol activator A contacts with CO2 to formthe zwitterionic internediate

ACQ2, “h%ﬁﬂwkﬁuéﬁﬁFﬁﬁh§ﬁ9vEMT(ﬂ% follow ng chem cal equation: CO2 1 A
A(IB(I-l)

[0006] In view of the above-described problems, it is one objective of the invention to
provide a method and an apparatus for capturing carbon dioxide from flue gas by using
active sodium carbonate that have a simple processing, simple structure of apparatus, low
investment, and low production cost. The method and the apparatus completely adapt to
the characteristics of the flue gas of the power plant boiler, solve problems of oxidative
degradation of the organic amines, serious corrosion on the apparatus, and high energy

consumption.

[0007] To achieve the above objective, in accordance with one embodiment of the
invention, there is provided a method for capturing carbon dioxide from flue gas by using
active sodium carbonate. The method is a reprocessing of the flue gas of power plant
boilers after common dust removal and desulfurization treatment, and comprises the

following steps:

[0008] 1) mixing an aqueous solution of sodium carbonate with an amino alcohol



[ 0010] Second,

ACO2,

al so produced, which is summari zed by the foll ow ng chem cal

t he hydration reaction of the zwitterionic internedi ate
the am no al cohol activator Ais live again; | |ICO3- and CO32 are
equation: ACQO2

| -120HCO3 1- IL -FA (1-2) [0011] "fhird, H produced fromthe hydration
reaction is neutralized by alkali ion CO82- in the aqueous solution of
sodi um car bonate, which is sunmari zed by the followi ng chem cal equation:

CO32 H1 -'HCO3(1-3) [0012] Fourth, HCO3 contacts with netal ion Nat

in the

aqueous sRlitibAD yRfld §ed), HE@O%T}QQQ@H?S&'&M% tﬁl@d@}&l@&ﬁb@l'ﬁ pelbiak e i ch i's

sunmmari zed by thé foll ow ng chem ca

gquat i on:
after the common dust removal and desulfurization treatment for fully contacting the flue

gas flowing upwardly with the downwardly sprayed CO, absorbent and for allowing CO,
in the flue gas to react with the amino alcohol activator and the aqueous solution of
sodium carbonate: the amino alcohol activator first contacting with CO» to form a
zwitterionic intermediate and being free again in a consequent hydration reaction of the
zwitterionic intermediate, H' produced from the hydration reaction being neutralized by
alkali ion CO3%™ in the aqueous solution of sodium carbonate, and HCO3 ™ produced
from the hydration reaction contacting with metal ion Na' in the aqueous solution of
sodium carbonate and precipitating to produce a sodium bicarbonate slurry. Hereinbelow
a reaction principle between the amino alcohol activator which is represented by capital

letter A and the aqueous solution of sodium carbonate (Nay,COs3) is explained:

[0009] First, the amino alcohol activator A contacts with CO, to form the zwitterionic

intermediate A-CO,, which is summarized by the following chemical equation:
CO,+A— A-CO, (1-D

[0010] Second, the hydration reaction of the zwitterionic intermediate A-CO,, the amino
alcohol activator A is free again; HCO3;™ and CO4%" are also produced, which is

summarized by the following chemical equation:
A-CO, +H0 — HCO;™ +H +A  (1-2)

[0011] Third, H" produced from the hydration reaction is neutralized by alkali ion CO5*~
in the aqueous solution of sodium carbonate, which is summarized by the following

chemical equation:
CO;*” +HY — HCO;~ (1-3)

[0012] Fourth, HCO3™ contacts with metal ion Na" in the aqueous solution of sodium

carbonate to precipitate gradually, which is summarized by the following chemical



Na+ + 11COBNaHCO31(1-4) [0013] Because the am no al cohol activator Ais
prone to conbine with CO2, the zwitterionic internediate A-000 is

i mredi ately produced in a reaction zone of the reaction (1-1). As the
hydration reaction of the zwitterionic internediate A .COQ2 is nuch faster
than that of CO2, the production speed of FICO3- and 1-11 is very fast.
Therefore, the am no al cohol activator Ais recycled in the reaction zone
bet ween a conbi ned state and a free state, which assures the neutralization
reaction {.15@),. continuously occurs, and a whole CQ2 absorption speed of the
met hod is nmuch faster than the CO2 absorption speed by using Na2CO3 al one.
Furthernore, because NaHCOB8 has a rel ative small solubility in the

CO2absor bent sol ution, Na¥W ¢ddCEsysr AaHAsd and @rdci pitates with the

i ncrease of a production thereof, which decreases 1-1CO33 in the absorbent

sol uti on,[0ars] Bedsisbete dpiapelcshdl AetivwhnlAsis hras id eimiife RitRicgchion of  CO
absorption. Thus, the whole CO2 absorption effect of the nethod is

rel ati velayiggisaic ngrmediio LeCOR imbediaply podefkfl éct rdaytiansiong of the ani no
al cohol al one, but the production cost of the method is largely decreased.
[0014] 2)"°tHeR fhl)- AéEbipgEting reardon ey isictarip namedistan (P0piashed in
step 1) t r.oduce i gh concentrate gas d. an agueous sol ution of
sodi um caf(?a)%dﬁg nlejt?%atvﬁidg?’ g PK a Sf’g?fd He ! Cﬁqo{/@ivﬁby ﬁteﬁ#%%f?’reeqyatl on:
2NaHCO3 :thé\@%@@élcﬁh&%ﬁ%g@is[rggé% isdhe'r H{)ka@ btehfeeﬁ‘glégﬁiﬂﬁqé%gga{ét ion of
sodi um carbonate obtained in step 2) to step I) to formthe absor bent
for recyahtagice Q] Ghichlaswes!thageuldRzdiivg Reat QL@ M) cah@Hio(KIR o8@ass, afpar at ed
fromstep 2) for condensing hot water vapor therein; [001/] 5) carrying out
gas- | i quivehodep@r altsoomionspdet @f Hieghetoahis enich dtsexd @D thg@e: afsbmtios epdeting
treatnment of step 4), renoving condensed water to yield high purified CO
gas by using NagCOz alone. F urther(ignore, because NaHCO; has a relative small sgolubFi)lity in

the CO, absorbent solution, NaHCOj crystallizes and precipitates with the increase of a

production thereof, which decreases HCO; ™ in the absorbent solution, and further

propels the whole reaction to a direction of CO, absorption. Thus, the whole CO,

absorption effect of the method is relatively equal to a whole CO, absorption effect by

using the amino alcohol alone, but the production cost of the method is largely decreased.

[0014] 2) thermal decomposing the sodium bicarbonate slurry obtained in step 1) to
produce a high concentrated CO, gas and an aqueous solution of sodium carbonate, which

is summarized by the following chemical equation:
2NaHCO; = Na,CO; + COzT’l‘ H,O

[0015] 3) returning the aqueous solution of sodium carbonate obtained in step 2) to step 1)

to form the CO, absorbent for recycling;

[0016] 4) cooling the high concentrated CO, gas separated from step 2) for condensing

hot water vapor therein;

[0017] 5) carrying out gas-liquid separation on the high concentrated CO, gas after

cooling treatment of step 4), removing condensed water to yield high purified CO, gas



having a purity exceeding 99% and [0018] 6) drying, conpressing, and
condensing the high purified CO2 gas to transformthe high purified CO2 gas
into aliquid state, and obtaining a high concentrated liquid CO2. [0019] A
concentration of the agueous solution of sodiumcarbonate is 10-30 wt. %
The am no al cohol activator is nonoethanol am ne (MEA) or diethanol am ne
(DEA). A weight of nmonoethanol am ne or diethanol am ne being added is 0.5-6%
of a wei ght of sodium carbonate being added. A circulating liquid gas ratio

bet ween | e | yp i ofoot he CO2 absorbent and the flue gas is 5-25
L/ nB. Thﬁ%atyﬂ] ﬁp@%&lé%teg&%%%%ﬁﬁdon of the am no al cohol activator and

concentration of the aqueous water solution assure a fast reaction with
c2, decrl@858 @ dadamgempresting aak pendensies thbbightrenificd 60r bes tatmandorm tblﬁﬁvent
the corrqgsion of t appar at.us. caused by .oxi dative degradation of the am no
al cohol , qﬁ%lblp‘frééeﬂeér@ %ﬁ?g@}t%ﬁi'g‘”fi B9 ARERtiaiRIng adiieh ‘F?é‘c%l%‘ﬁ%ﬁdé‘tqﬁ@ ‘e the
operation cost. [0020] A tenperature of the reaction between CQ2 in the

fl ue gas [80P]tAeonCORratios of thentjudons sdleqonl)f sbdiumonthonhte édi R0 40255Ge: and a
pressure of the reaction is controlled at 3-300 kPa. Thus, the absorbent
sol ut i on 30N alsalnl acthaics diwypededhapolemine Mg v tdietcoplaning GEEA L AMﬁ%@% alt a
sui tabl e tenperature and pressyre. [0021 1 rature, of the thernma
deconposi({fi qﬁm ‘33‘%%%“@88} E‘ﬁli%ﬂ'i“ﬂ%lp‘(% St aé‘i‘@r‘? @’rgp(i%/ﬁ Og?gﬁ‘g%(’{itsgg’é'ﬁht roIk: ed at
80-130C. W hi t I : : A . ' [ ate d i ckly
decomposed Pt renEadRe AT RLALH Bk R U B L SR e Bl o
concent r abesth&0an@ae - flue QA2R1S- et BhusCappeiMalcatr8shrGEA ofdRSathhocoo0l ed to a

tenperature of 20-35C. Thus, a |large anmount of water vapor is condensed,
t her eby ialqoholdctigatohadponédnyraiadn dftike £ORg@sSwater solution assure a fast reaction
with COg, decrease a dosage of the expensive absorbent to the utmost, prevent the

corrosion of the apparatus caused by oxidative degradation of the amino alcohol, and

largely decrease the investment on the apparatus and the operation cost.

[0020] A temperature of the reaction between CO, in the flue gas and the CO, absorbent
in step 1) is controlled at 40-55°C; and a pressure of the reaction is controlled at 3-300
kPa. Thus, the absorbent solution is capable of completely reacting with CO, in the flue

gas at a suitable temperature and pressure.

[0021] A temperature of the thermal decomposition of the sodium bicarbonate slurry in
step 2) is controlled at 80-130°C. Within such a temperature range, sodium bicarbonate is
quickly decomposed for releasing a large amount of CO, and acquiring the high

concentrated CO, gas.

[0022] The high concentrated CO, gas is cooled to a temperature of 20-35°C. Thus, a

large amount of water vapor is condensed, thereby improving the purity of the CO, gas.

[0023] An apparatus for capturing carbon dioxide from flue gas by using active sodium
carbonate to carry out the above method, comprising: an absorption tower, a regeneration

tower, a cooler, a gas-liquid separator, a desiccator, a compressor, and a condenser, A



[ 0023] An apparatus for capturing carbon dioxide from Hue gas by using
active sodium carbonate to carry out the above nethod, conprising: an
absorption tower, a regeneration tower, a cooler, a gas-liquid separator, a
desiccator, a conpressor, and a condenser. A plurality of absorbent spray
| ayers and at | east one dem ster device are arranged one after another from
bottomto top between a lower flue gas inlet and a top flue gas outl et of
the absorption tower. A bottomslurry outlet of the absorption tower

conmmuni ¢ W | LEY i : {.ng.bo i_pentation
pool . An aiﬂg%gw %ﬁég gdr?%%hﬁt% ?%F& tEll bc'#d %‘ ﬂé%i Plggrl(%e?nr{%&ﬁdc%}glrcg %}seezg?ahg%(f(g}%i ag{%lnpool
conuni cadmshefibi @RoANS APIRBNcBANLALNBIE gad IMRAN BaEAMe Q4L Pfhet he

sl anting board sedi nentation pool is connected to the absorbent spray

| ayer s ofabspiptiabsovepts bnttomoshary witket afithabswr@ntiowérrcomnamicages putan  An
underflow outl et of the slanting board sedi mentation pool is connected to
an upper W%%H“P%Né¥d8fa@ﬁ@”ﬁéﬁ@ﬁ%%ﬁﬂ?%ﬁ“Pbﬁ@?Lﬁﬂapﬁﬁ§g%¥@%¥bﬂ%éﬁﬁ@nate

punp. A ls%’x\ﬁléﬁibgﬁg S 1tn|e tEuii(ﬁIe p(;[olrllgmrll% gi@%t%sg%/hfq) glétal?s\é@rﬁpgctsoln onnected to the

upper absofr inl’et o sl an %0bl via a sodi um

car bonat eupsiiRantANt AR J8-RTPOSE%eARRnAHL Flol X cohh& Qg BNEALLAR tower is
connected to an inlet of the gas-liquid separator via the cooler. A gas

out | et ofsptdydaygasef thealisdrpsiepasvatrafa dnsabstrbeeciresatpnineds. ad untédiothe

desiccator, the conpressor, and the condenser. Thus, during the absorption

of CO, , t&atefdhe dasmzbopdsadimeniapen Boaids savgentesttatan onperdeddyidienof tbn,

desi ccati on, QQnEression, nd con ensationpgre cpqiinuously carried out

until a HFERFFUBLIYE &6 4 %oﬁwab'ea P BB iAdeVEsieat gulict 8bthe[ 00241 The

uncl erfl q : f. .t ol edi.men ion pool is connected to

t he uppe?@%ggﬁhgingn%?ETﬁéﬁgggg%QB%?{%ﬁ&ﬁgﬁgﬁeﬁggh?ﬂ@H¥@§PW§1bicarbonate

punp and sadiiRatati®X BEAREES sodime cdrodRke HegH AQLlek)@xtde%mﬁ&_@d gfsgcﬁlrﬂl%g(?ftth@n tover
n

is connected to the upper absorbent inlet of the slanti boar

sedi nent atgenarapootower & doheecswaldb amirdardiolivadae-liguidpeganslot Vie theableexchanger .
Thus, an exhaust heat of a barren solution of sodium carbonate in the

r egener atgedAutlcspetheiggs-tiguif yepatateniy sdserighemmnpaied witk Healesingita, thech sol uti on

of sodi um bi car bonat introdu%‘d into the regeneration tower, and neanwhile
cool i ng &BWW“Fﬁ%“HgﬁﬁﬁﬁmgﬁﬁﬁTiEW*SP“@% F ahiogiion ok &Ck; reateeenhyf ¢@al i zi ng a
benign r i . heat h nd..saving t he heat ener resource.
(00281 AT G ik bt RO R S ANR S A b o YT orERee o e

upper abses fhudulyedanefd otuh@mﬁIaaﬁlgfilyl?mb@e’arld]uﬁqe&ir%flﬁ&&éi@@ aPQRled. Therefore,
t he condensed water separated from the gas-liquid separator is returned to

the v et 0 andBRBIETOY ETHETIRGIBOR: el Bhi misiabt by O Fidotet fon -
cost. upper feed inlet of the regeneration tower via the sodium bicarbonate pump and a heat
exchanger. The lower feed outlet of the regeneration tower is connected to the upper
absorbent inlet of the slanting board sedimentation pool via the sodium carbonate pump
and the heat exchanger. Thus, an exhaust heat of a barren solution of sodium carbonate in
the regeneration tower is fully utilized, that is, preheating a rich solution of sodium
bicarbonate introduced into the regeneration tower, and meanwhile cooling down the

barren solution of sodium carbonate; thereby realizing a benign recycling of the heat

exchange and saving the heat energy resource.

[0025] A liquid outlet of the gas-liquid separator is connected to the upper absorbent inlet

of the slanting board sedimentation pool. Therefore, the condensed water separated from

7



[ 0026] Three absorbent spray |ayers are enployed. Afiller layer is
arranged beneath a hi ghest absorbent spray layer. A uniformflow sieve
plate is arranged beneath each ofthe other two absorbent spray |ayers.
Furthernore, a ratio between an aperture area and a plate area of the
uniformflow sieve plate is 30-40% On one hand, through the uniformflow
sieve plate, the upward gas fl ow becones nore uniform which effectively
elimnates a dead angle of the flue gas and is conducive to lull contact
bet ween t; Lue: nd -Abs ” . [ : r. the

spr ayi ng. BeEr o AP Raane LA AR i Bode e ShORM AR HIREE 2% ayers.
a sprayi ngeyeUNgthgebyokedidiey MbSAIPOBtsuRPLidn GBS FhSRGHIRE Hbi 16\0&0@Q§@rptl on
tower is 300% above, thereby assuring a lull contact between in the
flue gas andictinecebsor bent and a conpl ete chemical reaction for absorbing
CO2. [0027] Conpared with a conventional processing that enploys an am no

al cohol t . LOXide, .. g f LN ' re

surmar 240 ad e s oSk R AL EORTIRL L O WSS by atdi ng
t he am naiglesivedrbaatshratBler. IANIRfoEN EloRGUER Wt S Rlatthh @A Rhe a08H-HBY ¢ar bonat e.
The whol e CQ2absorption effect of the CO absorbent is relatively equal to
a whol e @Urae obgotticohspedyf lexdrs.diprtheinmge, thaticamtweenadncphiolre ateoned a however
difficulties of ﬁ&%w%tsor tion by usi t he am no al cohol al one, such as

n .

| arge corfiIRPER 8 fren WWﬁ&V%P@EﬁéﬁgﬁB%bﬁﬁéﬁ?Pa%WﬂFWéﬂﬂb®umﬁ“Water

t reat menty af t.er r ion, d high operati.on cost nd. sp on are sol ved.
Besides,i%%ﬁ%%ﬁ?ﬂ%%ﬁ@%@%@”?§Q§HﬂfE% Qﬁﬁggﬁegﬁg “bgﬁmeﬁg%BfB’mhich is very
easy 10 RURGAASS Wall Ande BF e GuBEhNGd3{ ddBivi Q%ll%t)nttaa%e@v@efﬂgleeﬂ ohol ;
thereby | argely decreasing the cost for capturing CO2 gas. 029] Second,
af t er COgps sl hbalmobiedt; oy thh@hadueduadaahdliproinOictidAdr lroerhbARALe, the
produced sodi um bi carbonate has a deconposing tenperature that is 20-30C

| ower t harlgrakiygé absoshanbspraxelapers.ax wray ingf cov bregaot tho alzodwhiodn a dlogs only t he
ener gy consunp%ggn of the regenﬁégiion process is | ow, but also | ow exhaust

heat of tHEPIHCFRLOTRIN BIEEES FHBAa0AY Hheashy agrusingrrial corfat Petmern i zed,
t her eby be nduci tion. Thus.. the jnvention i
bart | ool SRPUEINEIE, R b0 GBI p RODSTINGL Bl iy B hSUEPE pi e

boiler thay, has a large flow of flue gas and a | ow concentration of carbon
di oxide. [00301 Third, the am no al cohol activator is only a small part in
t he aque?@ﬁziﬁ¥utipalof sodi um car bonate, so that the probl em of oxidative
degr adat i187 7S ORRASHYE HgoaysBionaldr pseatint thpienyilaxsdnrastino dediodis, t he

corrosion ; a] ratus is. far few than that when using the
am no al coho Q%g%ﬁg%?§$%%$%ﬁe%g$ﬂﬁ§fmFﬂHO&ﬁﬁﬁ%PQﬁh?ﬁésgﬂQKHtion can be
stably operated; availability of the apparatus is nmuch higher than that of

the anino al c6WaF] Bisgohptionbsvsrenbiy forard bylddiappar amins alcohd stiirarr and
(r)rgteplg'([:il on COS'%ntc{)jl {hee aE]rH(f:COBS lS(ﬂ\Lll\ﬁ(gn é&%&u?n%%&bo%&e? {Jhee v%frnrcl)lg %O%lags%pp%lon %Pfg(?tr ption
of the COy absorbent is relatively equal to a whole CO, absorption effect by using
the amino alcohol alone; however, difficulties of CO, absorption by using the
amino alcohol alone, such as large consumption of the amino alcohol absorbent,
difficulty in later treatment after degradation, and high operation cost, and so on,
are solved. Besides, sodium carbonate is a widely used chemical product, which is

very easy to purchase with a price being 1/10 of that of the amino alcohol; thereby

largely decreasing the cost for capturing CO, gas.

[0029] Second, after CO, is absorbed by the aqueous solution of sodium carbonate,



[003H Finally, the method fully utilizes the flue gas fromthe power plant
boiler; effectively decrease the em ssion of carbon di oxide while acquiring
the liquid state carbon di oxide having the purity of 99% above, which neets
the carbon dioxi de standard of international industrial grade. The nethod
is not only beneficial to the conprehensive managenent of atnospheric

pol lution, but also propels a benign devel opnent of recycling economny.
Furthernore, the nethod realizes a harnl ess and resource utilization of the

flue gas from + @Rﬁ%@' ﬁﬁw%ﬁﬁ&P oLoal -fired
power plants. % %@R%E%ég g$ 8? R%%gfaﬁﬁgﬁ‘%ﬁg'go gﬁ%¢gure s a
connection st nadrukd LieaeHerMon ienditrARRAT BlcUsnih@hIcSRPING IR tﬁe en?e%i; on
di oxide fromflue gas by using active sodi um carbonate.
DESCRI PTI ON Oeoifgti pEMBGDIhNESNESeration process is low, but also low exhaust heat of the

flue gas and other heating means are effectively utilized, thereby being conducive

to energy conservation. Thus, the invention is particularly applicable to treat flue

gas from coal-fired power plant boiler that has a large flow of flue gas and a low

concentration of carbon dioxide.

[0030] Third, the amino alcohol activator is only a small part in the aqueous
solution of sodium carbonate, so that the problem of oxidative degradation of the
amino alcohol activator is prevented. Besides, the corrosion phenomenon on the
apparatus is far few than that when using the amino alcohol activator alone. Thus,
the method of the invention can be stably operated; availability of the apparatus is
much higher than that of the amino alcohol absorption method, and the apparatus
investment and operation cost are much lower than that of the amino alcohol

absorption method.

[0031] Finally, the method fully utilizes the flue gas from the power plant boiler;
effectively decrease the emission of carbon dioxide while acquiring the liquid
state carbon dioxide having the purity of 99% above, which meets the carbon
dioxide standard of international industrial grade. The method is not only
beneficial to the comprehensive management of atmospheric pollution, but also
propels a benign development of recycling economy. Furthermore, the method
realizes a harmless and resource utilization of the flue gas from the power plant

boiler, which is very suitable for coal-fired power plants.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] The sole figure is a connection structure diagram of an apparatus for capturing
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[0033] For further illustrating the invention, experinents detailing an
apparatus and a nethod for capturing carbon dioxide fromflue gas by using
active sodi um carbonate are descri bed bel ow conmbined with the draw ng.

[ 0034] As shown in the figure, an apparatus for capturing carbon dioxide
fromflue gas by using active sodi um carbonate conprises: an absorption
tower 1, a regeneration tower 10, a cooler 17, a gas-liquid separator 16, a
desi ccator 15, a conpressor 14, and a condenser 13. Three absorbent spray

| ayers 2 ] [ ANG : .arr one after another from
botton1tgm?ggC@%@%ﬁ@ﬁhzhﬁgaggukﬁﬁggégg&gk efﬁﬁggﬂﬁ a top flue gas outlet 22
of the absorption tower 1. Afiller layer 3 is arranged beneath a hi ghest
absorbent spray layer 20. A uniformflow sieve plate 4 is arranged beneath
each of the other two absorbent spray layers 20. A ratio between an
apert ur e [ RALANIDESORATEOAr @R TOfE EXIgoImiMIoNTS f | ow sieve plate 4 is 38%
Such a conbination of spraying structure assures a spraying coverage of the

b bent ti. f. th b ti t QW is 350% . Th
den ster |48y 8" MBI AUBE MR Invapl X autm ety A B wh OErBEANT A | oer
dem sti ng,fi . en SR C . et ween t he
two dem g?%tlﬁ%£¢of F@Pﬁg{:ércggdr%g d?o g?&er em)\q/‘]ig% 95; sor %enﬁoeggr]%b eéag‘g(gﬁgetdﬁg flue

gas. [003BjcribedbEibanombinet wituhd @lawafg. t he absorption tower 1 conmunicates
with an upper slurry inlet 6a of a slanting board sedi nentati on pool 6, and

the sodi ym b urry is capable of f1owing.dnto.the. slanting board
i ront S0 SRR Fns ik Vod FpRBRR 08 ualk SHRAPaioRR rpSuRN: o) of 6
of the 5|b§rlﬂlfsinf@Qctb@as'ogiuﬁﬁ&grmafe@)in%ﬂs&%ﬂl a&o@%h‘ W& gt e?x%lgg\‘ieﬁ%iloﬁ@mg&sor bent

cont ai ner or repl enishing sodium carbonate, amno afco acti1vator,
and a prdéessoolatlera gBdijuitaepantoonataddskcaoprEdosmpri®r ingnhedi ent in a
supernatant of the slanting board sedi nentation pool 6, and a sodi um

bi car bon&pedegpaidpyThrge ahspbeptrspriyryeat 20 amigmedicminteridavien2 Larderhbged,. A
super nat an of the slantin ard sedi nentation pool 6 is

t tl 6 b
connect ed"t Bﬁ“%ﬁgg@]ﬁ‘ifg@“%@ﬂ? bRiep §BYG§9 aﬁ%‘?j’@r" le2gs piet oRad abyoilytsasn tover 1
i nTel| 1 I . ynderfl tlet.6d ol th | ant i
boar d et narar bR BAPET allr i YOGS E ey of the

r egener a'fabﬂ)ﬁibén@aﬁéy ﬂa?er\doaAamm% qaw@ie@@?gwts%ahgaa béndiifleRn BeAE exchanger
18. A lower feed outlet of the regenera 10 is connected to the

ion tower
upper abstgrbent atisnibent sphrydiyetr2). s\l rand bargeboar heradiarmnhahiphic fePbf 6 via a
sodi um carbonate punp 9 and a heat exchanger 18. A supporting boiling unit
11 of t héherpfonaflan dryetrdiied isTB%. Sugh p apybinaden ofisgeymgbottiomasfurestve
regeneratipn.tomen{lOTl%g@36 _An upper depongosed gas outlet of the
r egener atP'8h"e GRETAELEQ T POSHRELLBE T¥S 8FFlicRLethegpsapiongawe i 40t°d separ at or
16 viat _ . I.GUI l.et of the .gas-lLiquid separator 16 is
connectegﬁ?gqﬁkékaéégﬁ&g(%%ﬁﬁgng%ﬁl%}Wﬁﬁl%’nl %gé¥%%ﬁﬁﬂdi 94k d
sedi ment aéhROnPARE s@eerPa@tBSclOMih LIprBf C&Tﬂ%n&ﬁ%hjaﬂ-\é@dibgtv%%f?ﬂ{eac%r 16 is in
series connected with the desiccator 15, the conpressor 14, and the
condenserdemBtin@fileostrbas fafremheing ehaeraedropBisiis tleahreat.ed to a storage tank
of liquid carbon dioxide 12. Each of the above devices are commonly used
devices | heGaly Aok . 1 f not
doscr el hal ol el o Sl T by L F R O Lo TS,
par amet eslunf infeoGaptaptintin®Bod sédnae oot heathd Sdrel BeiBshats om t he
fhllowi ng in accordance with different content of CO2 in the flue gas:
slurry is capable of flowing into the slanting board sedimentation pool 6 under the gravity

thereof. An upper absorbent inlet 6b of the slanting board sedimentation pool 6
communicates with an absorbent container 19 for replenishing sodium carbonate, amino
alcohol activator, and a process water. Sodium carbonate is a predominate ingredient in a

supernatant of the slanting board sedimentation pool 6, and a sodium bicarbonate slurry is
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[0038] 1) if a concentration of an aqueous sol ution of sodium carbonate is
10 wt. % a weight ratio between nonoet hanol am ne (MEA) or di et hanol am ne
(DEA) and sodium carbonate is 1.5-6% [0039] 2) if a concentration of an
aqueous sol ution of sodium carbonate is 15 wt. % a weight ratio between
nmonoet hanol am ne (1V1FA) or di et hanol am ne (DEA) and sodi um carbonate is
1-5% [0040] 3) if a concentration of an aqueous solution of sodium
carbonate is 20-25 wt. % a weight ratio between nonoet hanol am ne (MEA) or
di et hanol agiph&lofRaty in@ﬁgieﬁplq'aﬁfl%18&'}199/n$t5l§136'1"ﬁata% Suiftbe e 5AY ‘4§ boida 1T @
concentration of an aqueous solution o odi um carbonat e i s 1’3' W. % a
vei ght r atadondredtivegoonbieeitaraliacngret MbeaT spiiyah ANl thogysolEdh and
sodi um carbonate is 0.5-3% [0042] Specific process flow of the invention
is as follovesl via apebgabendicsetatingedinfor® naindedlowfdutledsdoafnke slphtamtbohisl i nput
into the ahsorption tower 1 via the lower flue gas inlet 5 after common
dust renot; Im%@?’d‘o{ié’gﬁll%@@i‘%ﬁegﬁo Pit epehisst inlettoh gnefrpgracigien puret d8 viahr ough

th i fo i late 4 dthe fill | d fl ds.
Veanani | e bl YchieBlEe Bufh 7 et B cOfniercE AT S dotl G e am no
al cohol aghénealidh thvwerIBiQYEHcdNMBL g@ae\){\%@so?b@ﬁt 1?%?@5 gfetrﬂ{i slt%ﬁﬂé%g%er s 20. A

circulating liquid gas rati o between ole so ron o sor bent
and the fdedenagasiohpocianiia @kddomwaitdhite puRdp 9UAB o hRATKEEHbTIBYAW t hi n 12- 22
L/nm8. A tenperature of a reaction between CO2 in the flue gas and the CQ2
absor bentsupgoréagbeibhg eeit bt oiabe BReratiqurtewsiulles afrarttgeé onwide hibotiomsfcont r ol | ed
at 3-300 5<I ia, particularly at 5-200 kEtt. Thus, the upwardly flow ng flue
gas full W“c‘:beﬁ”?'é%?téo’\ﬁf‘f"ﬁ‘ be downwardly sprayed CRabsorbent at the filler
| ayer 3 and the uniformflow sieve plates 4 for allowing CO in the flue

gas r eact[0ngp]virt ippendecheipngdabhs outhe df iy rédegeratdnowal TR @bnelct Y@hPr and t he
aqueous so] ution of sodium carbonate. [0043] 'The flue gas after being
renoved fiRShoiDE gisgdauidispatataslo eanthe epalermied linhivwiutet afpwaged-ligpasses t hr ough

t he dem ster deyice 21 r further renpovi, bsorbent droplets fromthe
flue gas, BHEf mﬁl"PQ”eé{Ie 112 i Rgetraby aﬁélﬂg‘s"%oqféw%ﬁ@a béli?rﬁlectly into the
t h : : i i | Uy d .by ab bi Cx2 fall
down Lo a b EuSELbal® RESLNRTSE B Buliovy SOGTE P PRHeB o the

sl anti ng vagathd dsgebate s ahé dmpeabr b4, 104 tf}%tcbﬁ‘&él1§éfil?9A%Bﬁt?er‘[ oP@ssi ng through

the bottomslurry outlet of the absorption tower odi um carbonate is the

pr edom naveddnagriéds emmedted tohestaugetaniabaiduidtarbdredioxide 12. Each of the
above devices are commonly used devices in the chemical industry, thus, structures

thereof are not described herein.

[0037] In operation test of the above apparatus, parameter of mix proportion of the CO,
absorbent is selected from the following in accordance with different content of CO;in

the flue gas:

[0038] 1) if a concentration of an aqueous solution of sodium carbonate is 10
wt. %, a weight ratio between monoethanolamine (MEA) or diethanolamine

(DEA) and sodium carbonate is 1.5-6%;

[0039] 2) if a concentration of an aqueous solution of sodium carbonate is 15
wt. %, a weight ratio between monoethanolamine (MEA) or diethanolamine

(DEA) and sodium carbonate is 1-5%:

11



sl anting board sedimentation pool 6, and the sodium bicarbonate slurry is
the predom nate ingredient in the underflow [00441 The sodi um bi carbonate
slurry is transported to an endotherm c tube or the heat exchanger 18 via

t he sodi um bi carbonate punp 7 and input into the regeneration tower 10 from
the upper feed inlet after heat absorption. The sodi um bi carbonate slurry
is prayed into each sieve plate of the regeneration tower, heated and
deconposed by an upward flomjng wat er vapor; CO2 is released. Inconpletely

deconposed SO%MU Zﬁ%%ﬂgl%ﬁu WarndaqL@Aufs EOIHQXWOfts% M}q cagb % 2§ he

regeneration tome eate e su unit 11 of

t he regener at ivanyd, @\O@Eghﬂ-@t%%eﬁw&ﬁrmﬁbé’thwo%lﬂfw é@ﬂA?Qlcdléﬂgndc Mﬁltnger
deconposed for reIeaS|ng hi gh concentrated C01 gas whil e an aqueous

sol ution of sdbitwnacdsinatabbsat@cdul-t¥dand 00451 The aqueous sol ution of
sodi um carbonate in the regeneration tower 10 is raised up by the sodi um

carbonat e pum()@éll‘?@ﬂ]ﬁa% Lent 91%1%{5]9&0“?@&]1 oxi&ggdlﬂ% éaplsa na%a‘st 3@xchanger 18

for heat release erea ter e aqueous so ion 0O un1carbonate is

i nput into thevishaniett ﬁ@@ﬂﬁtv&@ﬁhx@ﬂét%xioﬂ%d@@%hﬁ) f)lr&@ﬂhﬁmdxﬂlﬂé)er absor bent
inlet 6b, and further transported into the absorbent spray |layers 2 of the

absor pti on t oWPEA) and sodiune cabsmatdbsit5-8%or cul ati ng punp 8 for recycling.
[ 00461 The high concentrated CO2 gas rel eased fromthe regeneration tower

al ong wi tios |S%Eé9ﬁc %gys@tﬂog)co ﬁ';/enﬁf%ﬂc?% fIOH¥YN? %];s §i08af %9% ration tower

10 through t e uppef deconposed gas out ggeneratton tower 10,

and i nto dobefi@@bEr Fldntiifinpt i6d 16ORs8RBioh %)V@é?qlv%jthta Qi IRERE! Aidse of
25- 35C and nost of the water vapor is condensed. [0047] A high concentrated

CQ2 gas |%tea@<qmnmedlusafetnmvabmdng:smlﬂeaam thapurhére. Medluergad gassantrotglanspor t ed
into the 8as |.i qui d separat or in which the condensed water is

conpl et el %‘é&&?ﬂdl%s‘?‘fed?ﬁtwnaw futfabpers eshilovws ugards Meeewhifmehea hi ghl y
pur o R85, IR B P SHSEEPL B0 ST BB TRy 2
separ at ordohwaid vid\ge HlBH%@Jen@QﬁW ReAt 20 ™ ﬁpcu%ngﬁlqﬁla%ds ratio between a

whole solution of the CO, absorbent and the flue gas is controlled within 5-25 L/m’ ,

particularly within 12-22 L/m’. A temperature of a reaction between CO, in the flue gas

and the CO, absorbent is controlled at 40-55°C; a pressure of the reaction is controlled at

3-300 kPa, particularly at 5-200 kPa. Thus, the upwardly flowing flue gas fully contacts

with the downwardly sprayed CO, absorbent at the filler layer 3 and the uniform flow

sieve plates 4 for allowing COs in the flue gas reacting with and being absorbed by the

amino alcohol activator and the aqueous solution of sodium carbonate.

[0043] The flue gas after being removed from a large amount of CO, continues flowing
upward, passes through the demister device 21 for further removing absorbent droplets
from the flue gas, and finally a cleaning flue gas is discharged directly into the
atmosphere. The sodium bicarbonate slurry produced by absorbing CO, falls down to a
bottom of the absorption tower 1, and is introduced into the slanting board sedimentation
pool 6 for stratifying after passing through the bottom slurry outlet of the absorption

tower 1. Sodium carbonate is the predominate ingredient in the supernatant of the

12



sl anting board sedi mentation pool 6, and finally into the slanting board
sedi mentation pool 6 for recycling. The separated highly purified CO2 gas
is transported to the desiccators 15 for drying treatnent, and then into
the conpressor for conpression. The conpressed CO2 gas is transported into
the condenser 13 for being condensed into the liquid state and obtaining a
hi gh concentrated industrialized liquid CO? product, which is finally input
into the storage tank of |iquid carbon dioxide 12 for storing. CLAIMS 1. A

met hod f o, GRRLYELRGIGRHAADN fiPs d&1 hE O Uﬁal%%ﬁatg)[{lu}'{‘?ii&%e active sodium
h the Tlue

carbonate, the nethod being reprocessing o gas of power plant

boi | ers apedsmiaaprimpedieistin thenmyatioand desul furization treatnent; o
characterized in that: the nethod conprises the follow ng steps: 1) m xing

Sera-a PR SRR REohR THRED MGt e ATBPulEr At uiie T e gas
| h ’ : i zat i on tfeat qent. ylly
cont act i g T A e SRR ARt HEbE bR RLIR R o vty oo

absor bentfranthe ppeiafet O G 1EMai dbsbipgoi. ITUE s@BEm tRkcabiRMGle sWirfyNs pRagepM NO
al cohol activator and the aqueous solution of sodium carbonate: the am no

al cohol aigtoi apgh eV ilatstof dontgotiatign wivteh he@pd tial deoompascd Wy tah @pivardi ¢
internediate and being free again in a consequent hydration reaction of"
the zwit t&PVIBANET NERY etd: Hrrelcased Jpempiealy fdeetmprased faddmabicathonasact i og bei ng
eutralized. lLkal i &0 2.1 n the agueous sol utiqn of sqdium carbonate,
gng HCO3 %@‘dﬁ%§80W?%H??ﬁ%gﬁﬁaf%¥f%ﬁn?8% 1?8ﬁ‘ﬁ%ﬁ?éégwﬂﬁdﬁfﬁﬁ netal ion NaH
in the a%ﬁ@&ﬁx@%i%% e f oSAd} Qﬁ&ﬁ[ogg@\%relﬂatgg tcgﬁﬁiétmeto %bngg‘t@w oduce a
sodi um bi carbonate sTurry; 2) thernmal deconposing e sodi um bi carbonat e

sl urry obfushereldcinipstefor dledsinghigiitineerfrattiddiO COBGANE hALQE D8RR ANd an .
aqueous sol ution of sodium carbonate; 3) returning the aqueous sol ution of

sodi um caPBtEbBicds meditth step 2) to step 1) to formthe CO2 absorbent
for recycling;
[0045] The aqueous solution of sodium carbonate in the regeneration tower 10 is raised

up by the sodium carbonate pump 9 and input into an exothermic tube of the heat
exchanger 18 for heat release. Thereafter, the aqueous solution of sodium carbonate is
input into the slanting board sedimentation pool 6 from the upper absorbent inlet 6b, and
further transported into the absorbent spray layers 2 of the absorption tower 1 via the

absorbent circulating pump 8 for recycling.

[0046] The high concentrated CO, gas released from the regeneration tower along with a
large amount of water vapor flow out of the regeneration tower 10 through the upper
decomposed gas outlet of the regeneration tower 10, and into the cooler 17 in which CO,

gas is cooled to a temperature of 25-35°C and most of the water vapor is condensed.

[0047] A high concentrated CO; gas is acquired after being treated by the cooler 17, and
transported into the gas liquid separator 16, in which the condensed water is completely
separated from CO, gas under a centrifugal force, and a highly purified CO, gas having a
purity exceeding 99% is obtained. The separated condensed water is transported through

the water outlet of the gas liquid separator 16 and the upper absorbent inlet 6b of the

13



4) cooling the high concentrated CO2 gas separated fromstep 2) for
condensi ng hot water vapor therein; 5) carrying out gas-liquid separation
on the high concentrated CO2 gas after cooling treatnent of step 4),

removi ng condensed water to yield high purified CO? gas having a purity
exceeding 99% and 6) drying, conpressing, and condensing the high purified
CQ2gas obtained fromstep 5) to transformthe high purified CO2 gas into a
liquid state, whereby obt aini ng hi gh concentrat ed liquid C2. 2. The nethod

of claimd, & Iie é tlon of the
aqueous sol'Lt ?%Eg}g 8(51 é?%un%)% qboh emlas %O 5 S Vanﬁng Oef‘?&u@\e R B4 cohol
act i vat orpdos 6 T@ekhAn alhaRk el hidhi9hhana! el pey i & ehght of
p N1 1S tlans ortétl ¢
nonoet hanol am ne or %]et han%l am ng gtgl ng addeg is O. 6% of a wei ght of
sodi um catdboraom 15domlyyiaddedmeandnd then into the compressor for compression. The
compressed CO, gas is transported into the condenser 13 for being condensed into the

liquid state and obtaining a high concentrated industrialized liquid CO, product, which is

finally input into the storage tank of liquid carbon dioxide 12 for storing.

14



a circulating liquid-gas ratio between a whole solution of the CO2
absorbent and the flue gas is 5-25 UnM. 3. The nethod of. claiml or 2,
characterized in that a tenperature of the reaction between CO, in the flue
gas and the CO2 absorbent in step 1) is controlled at 40-55C, and a _
pressure of the reaction is controlled at 3-300 kPa. 4. The nethod of claim
1 or 2, characterized in that a tenperature of the thermal deconposition of
t he sodi um bi carbonate slurry in step 2) is controlled at 80-130C. 5. The
met hod of claiml or 2, characterized in that the high concentrated CO gas

is cooled to a tenmperature of 20-35& 2By gAn apparatus lhr capturing carbon
di oxide fromflue gas by using active soéiunlcarbonate according to the

nmet hod of claim 1, the apparatus conpri sing:

1. A method for capturing carbon dioxide from flue gas by using active sodium
carbonate, the method being a reprocessing of the flue gas of power plant boilers
after common dust removal and desulfurization treatment; characterized in that:

the method comprises the following steps:

1) mixing an aqueous solution of sodium carbonate with an amino alcohol
activator to yield a CO, absorbent; evenly spraying the CO, absorbent
into the flue gas after the common dust removal and desulfurization
treatment for fully contacting the flue gas flowing upwardly with the
downwardly sprayed CO, absorbent and for allowing CO, in the flue
gas to react with the amino alcohol activator and the aqueous solution
of sodium carbonate: the amino alcohol activator first contacting with
CO, to form a zwitterionic intermediate and being free again in a
consequent hydration reaction of the zwitterionic intermediate, H"
produced from the hydration reaction being neutralized by alkali ion
CO3™ in the aqueous solution of sodium carbonate, and HCO;~
produced from the hydration reaction contacting with metal ion Na' in
the aqueous solution of sodium carbonate and precipitating to produce a

sodium bicarbonate slurry;

2) thermal decomposing the sodium bicarbonate slurry obtained in step 1)
to produce a high concentrated CO, gas and an aqueous solution of

sodium carbonate;

3) returning the aqueous solution of sodium carbonate obtained in step 2)

to step 1) to form the CO; absorbent for recycling;
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a) an absorption tower (1); b) a regeneration tower (10); c) a cooler (17);
d) a gas-liquid separator (16); e) a desiccator (15); 0 a conpressor (14);
and g) a condenser (13); characterized in that a plurality of
absorbent spray layers (20) and at | east one dem ster device (21) are
arranged one after another frombottomto top between a | ower flue gas
inlet (5 and a top flue gas outlet (22) of' the absorption tower (1);

4) cooling the high concentrated CO, gas separated from step 2) for

condensing hot water vapor therein;

5) carrying out gas-liquid separation on the high concentrated CO, gas
after cooling treatment of step 4), removing condensed water to yield

high purified CO, gas having a purity exceeding 99%; and

6) drying, compressing, and condensing the high purified CO, gas obtained
from step 5) to transform the high purified CO, gas into a liquid state,

whereby obtaining high concentrated liquid CO,.

2. The method of claim 1, characterized in that in step 1),
a concentration of the aqueous solution of sodium carbonate is 10-30 wt. %;
the amino alcohol activator is monoethanolamine or diethanolamine;

a weight of monoethanolamine or diethanolamine being added is 0.5-6% of

a weight of sodium carbonate being added; and

a circulating liquid-gas ratio between a whole solution of the CO, absorbent

and the flue gas is 5-25 L/m’.

3. The method of claim 1 or 2, characterized in that a temperature of the reaction
between CO» in the flue gas and the CO, absorbent in step 1) is controlled at

40-55°C; and a pressure of the reaction is controlled at 3-300 kPa.

4. The method of claim 1 or 2, characterized in that a temperature of the thermal

decomposition of the sodium bicarbonate slurry in step 2) is controlled at
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a bottomslurry outlet of the absorption tower (lI) comunicates with an
upper slurry inlet (6a) of a slanting board sedi nentation pool (6); an
upper absorbent inlet (6b) of the slanting board sedi nentati on pool (6)
comuni cates with an absorbent container (19); a supernatant outlet (6c¢c) of
the slanting board sedi mentation pool (6) is connected to the absorbent
spray layers (20) of the absorption tower (1) via an absorbent circul ating
punp (8); an underflow outlet (6d) of the slanting board sedinmentation pool
(6) is connecg@ 4o9can upper feed inlet of the regeneration tower (10) via
a sodi um bi car onate punmp (7); a lower feed outlet of the regeneration
tower (10) is connected to the upper absorbent inlet (6b) of the slanting
board sedi nentation pool (6) via a sodium carbonate punp (9); and

5. The method of claim 1 or 2, characterized in that the high concentrated CO, gas is

cooled to a temperature of 20-35°C.

6. An apparatus for capturing carbon dioxide from flue gas by using active sodium

carbonate according to the method of claim 1, the apparatus comprising:
a) an absorption tower (1);
b) aregenecration tower (10);
¢) acooler (17);
d) a gas-liquid separator (16);
¢) adesiccator (15);
f) acompressor (14); and
g) acondenser (13);
characterized in that

a plurality of absorbent spray layers (20) and at least one demister
device (21) are arranged one after another from bottom to top between a lower

flue gas inlet (5) and a top flue gas outlet (22) of the absorption tower (1);

a bottom slurry outlet of the absorption tower (1) communicates with an
upper slurry inlet (6a) of a slanting board sedimentation pool (6); an upper
absorbent inlet (6b) of the slanting board sedimentation pool (6) communicates

with an absorbent container (19);

a supernatant outlet (6¢) of the slanting board sedimentation pool (6) is
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an upper deconposed gas outlet of the regeneration tower (10) is connected
to an inlet of the gas-liquid separator (16) via the cooler (17); a gas
outlet of the gas-liquid separator (16) is in series connected with the
desiccator (15), the conpressor (14), and the condenser (13). 7. The
apparatus of claim®6, characterized in that t he underfl ow outl et
(6d) of the slanting board sedinentation pool (6) is connected to the upper
feed inlet of the regeneration tower (10) via the sodi um bi carbonat e punp

f eed tlet of th
Fegencrati on COTEFCRRENC xR BRelp vs Gher I iGRupBEN ST hiEL Cob) of

the slanting gggﬁgm§QQmm§&%%ghgq ool (6) via the sodlunlcarbonate punp (9)
and the heat exchanger ( he apparatus of claim6 or 7,

characterized in that a |iguid outlet of the gas-liquid separator (16) is
connected to the upp@}W&B§8Wb@ﬁFt“Wpéfm@@ﬁ?“@iuﬁﬁ%ﬁgﬂﬁﬁﬁﬁﬁ@PB@dﬁHB

sedlnentatloncglemﬁég}w}g$miggg @&'gg%gégggéﬂéﬁ a?usvmasoggﬁ{acterized in

that three absorbéent spr
bicarbonate pump (7); a lower feed outlet of the regeneration tower (10) is

connected to the upper absorbent inlet (6b) of the slanting board sedimentation

pool (6) via a sodium carbonate pump (9); and

an upper decomposed gas outlet of the regeneration tower (10) is
connected to an inlet of the gas-liquid separator (16) via the cooler (17); a gas
outlet of the gas-liquid separator (16) is in series connected with the desiccator

(15), the compressor (14), and the condenser (13).

7. The apparatus of claim 6, characterized in that

the underflow outlet (6d) of the slanting board sedimentation pool (6) is
connected to the upper feed inlet of the regeneration tower (10) via the sodium

bicarbonate pump (7) and a heat exchanger (18); and

the lower feed outlet of the regeneration tower (10) is connected to the
upper absorbent inlet (6b) of the slanting board sedimentation pool (6) via the

sodium carbonate pump (9) and the heat exchanger (18).

8. The apparatus of claim 6 or 7, characterized in that a liquid outlet of the gas-liquid
separator (16) is connected to the upper absorbent inlet (6b) of the slanting board

sedimentation pool (6).



afiller layer (3) is arranged beneath a hi ghest absorbent spray |ayer
(20); and a uniformflow sieve plate (4) is arranged beneath each
of the other two absorbent spray |layers (20). 10. The apparatus of claim9,
characterized in that a ratio between an aperture area and a plate area of
the uniformflow sieve plate (4) is 30-40%

9. The apparatus of claim 6 or 7, characterized in that
three absorbent spray layers (20) are employed;

a filler layer (3) is arranged beneath a highest absorbent spray layer (20);

and

a uniform flow sieve plate (4) is arranged beneath each of the other two

absorbent spray layers (20).

10. The apparatus of claim 9, characterized in that a ratio between an aperture area and

a plate area of the uniform flow sieve plate (4) is 30-40%.
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