METHOD AND SYSTEM FOR REMOVI NG POLLUTANTS AND
GREENHOUSE GASES FROM A FLUE GAS Field of the

I nvention The present invention relates to a nethod
and a systemfor renoving pollutants and greenhouse
gases, and nore particularly, to a nethod and a system
for sinultaneously renoving pollutants and greenhouse
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In this process, CO; is absorbed and converted into bicarbonate and carbonate in the
electrolysis process. Essentially, this Japanese paper aims to remove all the three
gases by converting SO, into sulphate, converting NO, into nitrate, and converting CO,
into bicarbonate and carbonate. The products sulphate, nitrate, bicarbonate and
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Summary of the Invention

The present invention has been developed to fulfill the needs noted above and
therefore has a principle object of the provision of a method and a system for
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The present invention has been devel oped to fulfil

the needs noted above and therefore has a principle

obj ect of the provision of a nethod and a system for
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PCT/CN2009/070422, the disclosure of which is incorporated herein by reference in its
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The treated alkaline water of the invention is prepared by an alkaline water
generator which makes use of a water source selected from the group consisting of tap
water, river water, well water, sea water and industrial wastewater in the absence of
chemicals.

In particular, the alkaline water generator works on the basis of a principle of water
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It has been found that the treated alkaline water, when being subject to a time
varying low frequency electromagnetic wave treatment, would facilitate the removal of
the pollutants and greenhouse gas from the flue gas. The details of the time varying low
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eIe&Fo@QaegHetAl?g@va @%eéﬂﬁ%lﬂatloﬂ \ﬂﬁ'avfhgeall{a‘ﬂﬁe %’E@'rg%tnb%rasdch {Rat the

re uenc el ect ronagnetlc iel IS
treat@dralkﬁbna watefiis ﬁUbJﬁ edItRaA fime VRaYied “Q’éﬁ"@ﬁﬁ?'&ﬁy @aetFPmagne“C

wave®datnBAt before the treated alkaline water is introduced into the second stage of

the reactor.

The reactor may be configured to comprise a third stage where natural water is
used to flush out the carbon particles present in the flue gas after the second stage.
Also, a drift eliminator or demister may be provided at or after the third stage to remove
fine water droplets to produce a final clean gas.

6



treated al kaline water is subjected to a tine varying

| ow frequency el ectronmagnetic wave treatnent before

the treated al kaline water is introduced into the

second stage of the reactor. The reactor may be

configured to conprise a third stage where natural

water is wused to flush out the carbon particles
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after the third stage to renove fine water droplets
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i nvention not a ol ogi cal systen1 and
inclutiag @lqn@takpamcarfowyaee wm capf e racvavereqd @ad ceusedagain for

con‘?tglégbrqe“l'h@g Im&{)?ésagﬁaﬁfcaﬁya%é CSHIPGY Sproé‘_d%ﬂorlifDéi‘ﬁmency for any

ntage of he |1 nvention i t he g
car@q»reh@%ﬁdafpeﬁgr\s\emat@h 2 FREPYRIY 9F SBPONeAL oA @??%BﬂS%ﬂqaubstances
suchX 4§ emingkdis hlihastoRe  Belenites est mwnkeummclagaubmafbmnates and

ustion Qve dra I cal
carB?rggeﬁ:Prege]nté@p] eeggyéger]%?re %ﬁrb% tr%gigd %Q% ergy source.
Wh¥ threiiscerbormte eardernts yare)core/edeg}nto 8Q- Waadﬁbmtmeb’QMQas CO,
. 0
profietl SIS paEnoR, R ractor, o (e Rior Al hBftaPEarbon
andoxygent in the seawater or freshwater can be treated
as an energy source. Wen their carbonate contents
aTiee objsute ¢hathdteristicOGRIvbNtages dnd teshninareffectstod thpaigvetion wil
be Rfrt%gpglggoﬂalsedt Fet‘ﬁle fbﬂg\ﬁfn %e%@r&ﬁ%ﬂ ot b %Jr%@eﬁ%dts‘?ruf:ﬁ?es of the
conversiron
inverjon cwith referanaetceﬁheacwpa@wsrdra\g@ss ahee @é%qﬂﬂsa% Hpstrate the
|nv§{tfoﬁ‘bg§/¥a§lfoftea§mblﬁ¥ Qthb@NinMatibn tfe invehiid in@ingbtdnaked
I'n | owm ng description of the concepts and
structures of the invention with reference to the
acconmpanyi ng drawi ngs. The drawings illustrate the

5 fventlont? Wof exanples without limtation to the
M’Mner Brief Description of the
Drawings Fig. 1 is a schematic dia ram hovvin

eﬁgoap%ﬁ@hematlg diaaEqna SheWRg anRm * 3 syste% {4t includes a

two stage reactor for removing the pollutants and greenhouse gases from the flue gas.

Detailed Description of the Invention

While this invention is illustrated and described in preferred embodiments, the
invention may be produced in many different configurations, sizes, forms and materials.

Referring now to the drawings, Fig. 1 illustrates a system constructed consistent
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two stage reactor for renoving the pollutants and

gr eenhouse gases fromthe flue gas. Detailed
Description of the Invention Wiile this invention is
illustrated and described in preferred enbodi ments,
the invention nay be produced in many different
configurations, sizes, forns and material s Ref e
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helﬁtfoeﬂfeﬁdst sMgetis piduced insthd casethastosemgidiewag watedisréduced.
the first stage in the case of the higher tenperature

Ofypﬁd%ﬂy fhe!BH DR ehe Wash Water N22 86 tAE fillsh Qag & IsSih tisd RGGeio$ 6.0 -
case th t t 00, aci

7 5 ety el e 28 b s, L 26h He” A Chne! oy fime

bet\lvél@w fhlerfl‘szé gab age thesnattral kr!awa!mglé thaf cahtdkt timé.idtoo long, the pH of

the e{hﬁ\rga%{) 1{22 mﬁ? ngg??(g Q%[& gncﬁ th@”&a‘é@ﬂ tHg r%&?{]erdoli'g%rge

ween t | Ue
contrat limigby ﬁmﬁegtéattonszhdﬂefom) rhh%c@ntafp’tr’@a Beqcbdo bersgntreligg by,

t
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s R o s o SIS e 59R0 br so.
is fcflﬁld“t? 66 |rt&ﬂeqmu16. 'l'll’ms/wbcg& nbeinglease meg&snt#ct tifde BatweeA thd atural
ir t age . . ' . of .
syl sl 1029505 4ol R3 14 BHAALIF SO 5 M o

of thwastt water 122 isbarinithe eangedf 6dh— Bé added if the renoval

of SO2 is found to be inadequate. This woul d not
| TRy dlas egdshenteding ahe firstimetaget W2®ris theomaustioal product typically

confAESS BT E R p9ER b LA 0. SGBKe e
firstt stage 120 i lcenfignngpbtoohad @ first7water intake 124 for introducing natural
seawater stored in a seawater tank 300 into the first stage. The first water intake 124 is
a selected type of nozzle or other suitable type of nozzle which produces the desirable
mist pattern, such as a spiral screen type nozzle for allowing the seawater to be
atomized in the first stage and sprayed downward to come into contact with the flue gas
rising upward from the first gas inlet 122. In preferred embodiment, the first stage 120
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The flue gas entering the first stage 120 is a
conbustion product typically containing 302, NO and
CX2 and has a tenperature ranging from 100C - 500C.
The first stage 120 is configured to have a first
wat er intake 124 for introducing natural seawater
stored in a seawater tank 300 into the first stag
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age as nverted I n
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romgua) Q551 a5t 1AM TG CABVETHEHRI P RRGES UTING PRANGIE Bbbing
or likfee wash water of the first stage is maintained to be

hi gher than 5. In the first stage, a trace anount of

Gﬁ% He§u|ts%§§é?éd’ Fh%t SEDZ ch8 b¥ FRRGIEES) HEUEDSYH ke fetdtage 120
transferred hé second st ag 55 t han be
of tr@ﬁeetﬂeawheretthe "3%@5%?@" isHsed t%P‘P%ﬂa*h es the
em ssion of CO2 during the renmoval of SO2 as it is
f Bhensedond tstagec t4 isreanbared e sereeve NOy AndCQe By top flue gas.

Likevhise! IRl B ngrstédo 40 ﬂ_&evér%‘é@sbéor‘d?rr%'r ﬁﬂallé%ai443@2mﬁ'@6ucrng

ereerve 98% in the first s
the eatet Gkalie MEtTHEO g SpendsiaisaTo SPEoLLRRe] Bralssarg ore at
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om t he

o f c
whidh grepice hF rstoue Bt Fhllen, SHAE Acesriel Ao BB MRS for
allowinigr th@utreatgd dlkeding r\eaateemb dlek atomimedwint the secandt $tage and flow
se T .
confEPE TR P FRAR SRR, b QAR IE 58t a0
which coehenr mong talksliee tvgqjer genefg@zs &0 are arranged to electrolytically
prepare the treated alkaline water. In this embodiment, the flue gas is contacted with
the treated alkaline water in a counter flow direction. It would be noted that the treated
alkaline water can be injected in a co-current flow or cross flow direction relative to the

flow of the flue gas.

As mentioned above, the temperature of the flue gas entering the second stage
should be lowered and preferably less than 70°C. This flue gas contains CO, and NOx
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whi ch produce the desirable m st pattern, such as
spiral screen type nozzles for allowing the treated
al kaline water to be atom zed in the second stage and
flow downward. The treated al kaline water is supplied
froman al kaline seawater tank 400 in which one or
nore al kaline water generators 500 are arranged to .
as wgleas 3 BrgR amauntypf Sﬁk &paees poteoptaln P zbeganse ohls tratoup! in the
firstisfadeM2®. embodi ment, the flue gas is contacted with
the treated alkaline water in a counter flow
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With the above findings, it is strongly believed that the reactions in the second

stage are bond breaking end result alike reactions accompanied with a small amount of
acid-base neutralization reactions. That is, the main chemical reactions in the second
stage occur as follows:

CO, + H,O — HCO;
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browni sh due to the presence of the carbon particles.
Anot her finding in the second stage is that the
tenperature drop of the flue gas is |ess than 5C
accordingly, the tenperature of the treated al kaline
wat er shoul d have increased by |ess than 0.25C,
however, the actual tenperature of the water in the
second stage waL@erdetté® to rise by about 5C. This
suggests that the reactions occurring in the second
stage are exot héd¥@i+ddQ v HY¥Psti on, the nitrate and
nitrite dissolved in the wash water 146 of the second
stage are | ess tN@QN->NpPpp®», Wth the above findings, it
is strongly believed that the reactions in the second
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stag@aie lesxt taan 34Pri. Hence, Hiee diseltaygel weten géthedvention wobld not affect
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Alternatively, the resultant m xture of the wash water

126 evidUzehbt thsﬁn\&ha@eusa&lﬂrédnaimsdn thas IND, dhdiECOS atehemoved
by g’oen%ogrgal%rtwg gr?d Fe%ﬂlt afeke reagtlorn% l#atﬁgletﬂan by neutralization, because there
is almost no nitrate found in the wash water of the second stage and a large quantity of
fine carbon particles are found in the wash water and the flue gas treated after the

second stage.

In the conventional neutralization processes for removing NOy, the most difficult
thing is to remove NO which needs to be oxidized to give NO, and then N,Os, allowing
for the neutralization with alkaline to produce nitrate. While according to the invention,
only the treated alkaline water, which is energized by the time varying low frequency
electromagnetic wave treatment, is introduced into the second stage of the reactor to
come into contact with the flue gas, and the wash water 146 is found to have a pH of
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back to step a) as a source of water 156 to contact
with the flue gas for renoving 502. This can save the
energy required for punping the natural seawater to
the first stage fromthe seawater tank 300. It is
obvious that the invention is characterized in that
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Soaw‘fﬁb'f% d@t Sbemflégl?rtﬁé QRikd st% %Bﬁrﬁecéﬂnﬂgﬁreblaﬁdeﬁvb natural
1 osal fina c s dges not exi st

watep o flush é’Hf ﬂ@rparqupepag%g%ﬁ {5‘?’?‘ étr‘le e gepryld yn\gartd)%g)é’@ glf second
stag?é lmd !b)ﬂ y&RiaEEorAct astidwi to wd@n Ridiveshe aartioc patiolest Beenithe wash

wattahgq{npﬂ ron'btg\er Iél:lﬁcfrgté%% Q@] %g g%é% g%fog}r%\ oglaE? oﬁ aﬂ[cléseﬁén be
mixpd adthtbe wiash ater ddb fent tmmomauagalme,aanddhe mlxed wash water

as ﬂcﬂqgséogs%qu%@&?lltél@% ?@d@%lythetcgﬁaoﬁ'%ﬂklé%r oducts of the

I nven bon "and oxygen, can recovered. For
T4 Bretetegir e irerrBr pies Bavisn TR LR s tBbrs FunR Fio
1. Altecnativelydsdparate vessais aoanged io hprigentpi ltedﬁtlon equh @ﬂchﬂﬁt@bto a
spelg‘?lgsgaecgrné/quﬁ %&%@s orfnafl %%s%' s &%@ﬁéﬂfoegeﬁ ﬁ@%ﬂslngle

€ second st age,

vesselatgea single samxnyhlleawﬂ@ra@@é@l Iafqeéicateﬁiems@e@ntﬂ'an ‘one of the

stages. Moreover, a drift eliminator or demister may be installed at or after the third
stage to remove any fine water droplets to produce a final clean gas exiting from the
gas outlet 162.

According to the invention, the reactor is generally in an alkaline environment,
although the first stage 120 of the reactor is under a very weak acidic condition.
Therefore, there is no need to use expensive materials having high corrosion
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stage 140 of the reactor. The third stage can al so be
used for renoving the residual SO2 in the flue gas.
Specifically, the third stage can be configured to
receive natural water to flush out the carbon
particles fromthe flue gas rising upward fromthe
second stage 140 by {@qy3| cal contact action to was

resigignpe faranakinathn reraten 190 therinuentione Ingégad. ”\fad?é?t%b(?ﬂ ¢y be
madé szat Richhesd exp@tifve M@z‘téﬂ&l @OBH aisnsoriveftidrial @ildokteel, which

art| Ies m xed wth the wash wat er
S'grlf?@“g¥ F?prﬂ” §§8€ﬁd’?ﬂ}ea’§8°t%o and the nixed wash
water as such is subseaﬂuentl y filtered to over
oA HisAussaA taberesthe TRBOYR 1 £ Lz BREEOTPARIAL V\F@égf’ &P“E@Hm of
oxy§6én Bh@Yihé %Qrbbﬁ p@rtﬁ:ldsg Basé@amrw mathod h e inverftion, thelgas CO,

whig p%ﬁqr%ﬂatu?g{ AT i§ égar & g&}']l%gli%g yS ggcré%rg?lg%g gflg%é;&%rpg gﬂ\{dg such

as ofinegdlagtaestony, Momswanutthe dikalan gergeids| an tepergy source to
[ [ ,

ec R T BB Rl BN ol 4o nery

sousteadhan sedwatervmay bg eje¢troﬂy2@mtm haepAralor syeiastragmbrgpe. The

acn@Sro‘dPéécﬁélle@tgolﬁcaW ca b&Uséd® ttré'ﬂt Itk c&b@ﬂﬁetnﬂnéﬁmbegenerate

ets to produce a final clean

I ne water I'h%l ds
COg3iANG anafaaiascby 8 IVIRY QN BYSTIRBAR FFoHg A oxygen.
And h\¢enédrbratedt O, rseamhméd fldnotReel®@) taptungmettddalsuoie as amine

NE oL g SR R T

theTventidrore, there is no need to use expensive materials
havi ng hi gh corrosion 12 resistance for meking the
reactor 100 of the invention. Instead, the reactor 100
can be made of a nmuch | ess expensive material such as
Exdnventional mld steel, which significantly reduces
e costs of the reactor. As discussed above, the
|?|'U%Y|gbs @ nge éfs CRERAM ?% Wik t& L% 84S ﬂﬁé %5 Qﬁder the
ER- and on parti ¢l e sed on t
COHQNOOQBQDWVentlon, the gas co2 mhlch occurs naturally
or is produced chem cally, or carbonate-based
c onpoeigltof savedn: 7 &s1tm neral s, | i mestone, dol omtes and
t he rliéléﬁt q;% fﬁ%fs‘f%%%b@& 1e,rﬂer gy source to recover

oxygen le, if carbonate m neral s
are @@ﬂt%‘ﬁ tlH@ Qﬁﬁweereihg;ﬂue:g@a @66 wateiedd seeonds & 1 riMteR

el eoﬁ,gggdfg%gs@ngtegeﬁ@raqgéyr such as nenbrane. The
aci d produced el ectro[g)/tl cal :ﬂ% an be used to treat
ing wates: G

t he RFAPLIBA featediafs! te CO2, which is then

t r eat &tehirationg offebmpshedits pr’QEemtnvﬂfetfiuergatsOSOgCI@\/te 12000 ppm

carbon and oxygen. And if concentrated | § to 1000 pom

obtained fromthe CO2 capturing nethods such as am e

met hod, then high contents of carbon and &Gxjed woul’d by
vollgﬁeobt ai ned by the nethod of the invention. Exanple

Temperature of the flue gas: 100 to 300°C

Flow rate of the flue gas: approximately 500 to 2500 m’/h

Flow rate of the natural seawater: approximately 10 to 25 m*h
Flow rate of the treated alkaline water: approximately 5 to 25 m*/h

The results of the tests showed that the removal of the gas SO,, NOx and CO, are
80% - 100%, 60% - 80% and 20% - 60%, respectively.
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In various tests, the systemshow in Fig. 1 is used
to treat a flue gas under the conditions bel ow

Hei ght of tower: 7 to 11 m Height of the first stage:
about 1 m Contact tinme between the flue gas and water:
25 seconds to 1 mnutes Pressure of sea mater 2to 8
bar pH of the treated alkaline water:

Gdwise ter BreseRtsinvINtiop RseYideR & pRibed And; ‘h Wﬂ@mf YVU'Qh Flfgctively
remS@theléblm&n?sO&% §ieehhd\ge: ga@e§ sOL0R0, ppenCAddm 2 fiue gash The

f
el <ot R e S s g 85, 08
the BBVitfonnfeneWWieheoafpatdibwittatherprdceseesnartcesystenphindié paerary the

/ F
mve\Ng?rg %x%glg)%?orl)}v%la r?ﬁ”uﬁ@h% fé)%%ﬁ@?#'?ﬁ%ﬁ%g%{f’?}; e c?%%en 'fzre
genemtedas finalpoduatst an%@nrmwaverw ag [aB e@agysmrcen@ae rygntion
not 99? Hives tﬁ? ﬁora%@rﬁbleﬁp%soc%@% e tHOB0o, Bpfding technologles

ective t he gr esent | nv nti.o r ov h
but alspiel GRS 258 oF e HTeENCaR TSIy ) Do FiGhRDRSIeRs and the
neeB@F bidhasH of Mmizflp@daeghouse gases SO2, NO. and CO2from a

flue gas. The invention is significantly nore

L fflierdl) @eg&fb&ﬁ hERAturRt tl‘i’@&‘és&ﬂﬁn\léﬂﬁ&eammhé @ some

the envi ronnent s en conpared Wt
ol ambonrante 5 P ane FobE Ayl ok B RA 5 T silires
andfoMétions el then emueduﬁgatwam talingsl @nestaadd trat irsofaares its basic

oo e SRR, AR B U G PR g

Numezbussvatlbte)nstmdag@drﬁlcaﬁl:lnemhasarﬁceaslls!dommableH-‘e’ wns of the
swiISABEHR AL RS RIS witilh Bosf gf%?%ﬁ‘é“g?%%%@@@é‘?ﬁ%”“°“
shoulddall intethe sEoph @fptbl§amveafiom naI pr oducts. Havi ng
sufficiently described the nature of the present
i nvention according to sone preferred enbodi nments,
the i nvention, however, should not be |imted to the
structures and functions of the enbodi nents and
drawings. It is stated that insofar as its basic
principle is not altered, changed or nodified it may
be subjected to variations of detail. Numerous
variations and nodifications that are easily
obt ai nabl e by neans of the skilled person's commobn
knowl edge without departing fromthe scope of the
i nvention
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should fall into the scope of this invention. 14 What
is clainmed is: 1. A nmethod for renoving pollutants and
greenhouse gases S2, NO., and CO2 froma flue gas
stream conprising the steps of: a) contacting natural
seawater with a flue gas in a counter flow, co-current
flow or <cross flowdirection for a given period of

| S fromthe fl ;b tacti
W?#ﬁ?‘? égaglﬁ@ﬁ'e wat er mt 0 ?he ;Jleuga:aas |) ncgncgﬁnlt 2?
0 CQ-C t fl fl di t

Lo el e oS A P Sy S8k S8, and oo,
fromafige yas atrdarn pcdoaprisparthe steps of:and ¢) col | ecting or

em t t D). {

TP 1 GRS BB )i Uy B o
crogsf flayy direstian &artai gienwariediof imeta eergers $Q2 theofluegps; o

" Vc%ln?acﬁﬁ‘bzfré'ﬁmﬂ@ aRbiirfe- Water t4-tRe fick %%m aBRLIARFAfIGE CRLAir@at flow

alm?2,. ereln in step a e pH of the seawater
or grass; flpw dirgstipn femove @ anff @QZ ﬁ?mw*h%ﬁh%eﬁ%a" gersraieRxyaen
anddhrl%rﬁﬂ)éﬁoildles;\éher einin step a), the seawater is
cqnt act e wth the flue s for.a duration of 1 -90
s@&?ﬂ%@‘ng@r e"f‘ﬁ@‘%@f—‘rﬁ'&a ggﬁ%@?rﬁtﬁ%b){o claim1, wherein
the_natural seawater is atom zed with spi ra}[' screen
t 3 pEhe, gpsthed acgordingetonglaim d . Mheseli HgsteB ) dhenseawater after

contdt8hg with tHESfiUd dis igasnteNee td Ravesd PR réngel of 6.C0NGr ol | ed
to be less than 70C. 7. The nmethod according to claim

13 MM&h&hOd hERrdifG R G8Ined, kil dif indiE©h), tie M B1AAE 88awstér is i

an al kal 1 ne wat er” generator and supplied through

the fange 9f 8e3-"cdnnect ed to the al kaline water generator.
8. The nethod according to claim1, wherein the
t4.cdegrethbd ac¢aidingde eleim 4, whereit inSitep 2)c Hiel spapiates iy eentacted

witﬁgae%@g\a@#&ra SUPsdrEorIebe eb&shdsr om t he group consi sting
(0] sSea wat er, underground wat er, river wat er, raln

ter. i . A _

18 LSS YRR, RGOSR0 e zea i

spiral scieémiypeaozales. s subjected to a tine varying | ow
frequency el ectronagnetic wave treatnment. 10. The

n@t Tieerl neettont decugding telckdimm 8, whireinethe filee gas epteviagystery b) is
conkr8m%d‘tr03)%ﬂg§§°t¥nan %Qict romagneti c wave treatnent is
applie y use o

a device for generating an

tro netic . field whjch has. a varying_lo .
1 Sirahod iceraind & el Wheldh o B3t BRatifi Yater i prepared
by avhalkaline water deneestardandl suppliucthreaigh pipetines connected to the alkaline
water generator.

8. The method according to claim 1, wherein the treated alkaline water is
electrolytically prepared from a water source selected from the group consisting of sea
water, underground water, river water, rain water, industrial water and deionized water.

9. The method according to claim 1, wherein the treated alkaline water is subjected
to a time varying low frequency electromagnetic wave treatment.

10. The method according to claim 9, wherein the time varying low frequency
electromagnetic wave treatment is applied by use of a device for generating an
electromagnetic field which has a varying low frequency.

11. The method according to claim 1, wherein the treated alkaline water is
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Is atom zed with spiral screen type nozzles. 12. The

nmet hod according to claim1, further conprising a step

of recovering the carbon particles generated in step

b). 13. The nethod according to claim1l1, further

conprising a step of collecting oxygen generated in

step 14. The method according to claim1l1, wherein
atom*?@ds@ iral scEganElyP@ BPRZRS i ng with the flue gas in

step a) is mxed with the treated al kaline water after

c ot Bt inathodiackording tofclaine 1gdigrthien cemepising a sigriok tggovering the
carBbi éﬁlae$§eﬁér5ﬁ8rm §epe)rcul ated back to step a) as a

source o water to contact with the flue gas for

r t isS t

Wit ettt abprdinb 36 i T FHeP Koo' FRIAESY colecting
oxygsn gEh%'ateeitlh@tﬁpatﬁcor ding to claim1, wherein steps a)

and b) are repeated for one or nore tinmes. 16. A

sy4tEa Methodexromiding tpalldimt rwherein dhe seawaieafter gaptasting with
the%g’eqac ) oste@%ﬂ flscr%@d {Hrﬂ\ﬁ trbhted né Waf‘é?‘@ﬁelcé’éﬁi’édtlﬁb rMith the

ave at east two st ages
fluer gasoinistap h)hencpﬂaemxtam is eifher regfireulategiask (mstes 3 29 ﬁwSPH@e of

wateh #‘?c&ﬁa%t vs)ﬂ'ﬂ%@ﬂt‘]b éasf for pdm&iRP 09 ortdirectt digehardgicihiedths sea
rst as inlet for intro ES“e?gtheflue gas to

W'”Eﬂ}% Sanapsr Qﬁ aawasweah@??tmﬁat & and at |east one

first intake for introducing natural seawater to cong

i h5.oTheamethed aogording freclaimub Whesein isteps 2 8w Pharefreeggted for one
or ,?;Qr-eqwﬁésent flow or cross flow direction to renove SO2

rolmthe fltue gas; and a second stage of the stages

[ ey ' r d n

8L e ARMBNEIRRER M BBKolsqasbp Scacho, b co,
fromradidergas stiepry CeBRfNd:n a counter flow, co-current

f 5‘?@%&& %rﬁ?ﬁreﬁ't@‘ﬁadé 1€ fdasPfvd &a@%&e@@angfﬂﬁb PpeNutants and

fromthe as and nerate 0

gregaheyse|gages from the Hug gas, erein &y H§t)r%§g[ fghea§tﬁgi%lncludes a first
gasMmest Ebmintrbduding e fﬁbm tbrasb epwaaipnd resughothe reactopraad at

{5 RO BB O B 5B e e

gad inrasdounter féne, doscuarent/fimv of crossilovadirentior toremexe S8 ifigim the flue
saté}m A g@cohﬁ st§§@ Ltﬁé stgies ihaRidsy Sétqgéﬁc&%r @ééﬁhdt ﬁ‘\take for

¢l ai stage.
mtrgdumm; geated 2fkaling waﬂebw thﬁélu§e9é§/e§'§@9 Waé%ff%muth? 8f3t dage ina

colrReH il ciduRrehtouw bN&o%ﬂoW@'realcﬁi 16&8moR€ 0 chrf NOi from the

so that a tenperature of flue gas is decreased to
flug gassand.ggnere oxyaanand ‘iaﬁ@"fﬂ’%r%c"’g%s enters the second
stage. 16

17. The system according to claim 16, wherein the first stage further comprises
one or more sub-stages for enhancing the removing of SO,.

18. The system according to claim 16, wherein the at least first intake is a type of
spiral screen nozzle for atomizing the seawater.

19. The system according to claim 16, wherein the first stage has a height range of
0.8m - 2m to allow the seawater to come into contact with the flue gas for a given
period of time so that a temperature of the flue gas is decreased to less than 70°C
before the flue gas enters the second stage.
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20. The system according to claim 16, further

conprising an al kaline water generator in which the
treated alkaline water is electrolytically prepared,

and pi pelines connecting the al kaline water generator

to the second stage of the reactor. 21. The system
according to claim 20, wherein a device for gene qtin
220 Fbe Sysie AGoUrBIRNIF foc M CLP. dHERS 69BN N AIKApe; Water

gerfraten Befhitm tHeOrdteR hikakheWatbr ishsediiok@ballyeprepaeerand pipelines
ener at or ch that the Lin '

co Bﬁlr& g@llﬁségneawe eﬁger\}%{ﬂp} hagt%tfa%\%:g%sg eefct@@Feearcto'r.S
el ectronagneti c wave treatnent bef th ted, . .
aPkal e éﬁ%ﬁfﬂeﬁccpéd'"g k Flati<8d “ﬁhﬁfe%otgﬁéevé%c{?% Z?%E%é‘{:j%g G time
var&iﬂ@ Idv;?ﬁé%tf]éncy 3%ctr3'rht§gl$eﬁ‘étﬁ@m islﬁﬂ@ragﬁmg cbmbitlatibmwitibthe alkaline
erein e a as, econd. i nt : .
walgp GPSgratch Steh hab Tim e AREIsR Wit S Eiedap g e varying tow
fre?.lénayi electrambagneti@ Jwaveh dresinsere nbeforo itk rigeated clkeline 16ater is
. s e tatic recipitat f
it o Bt S Bl ERE8E % e Second stage of
t eactor. 24. .Th St ccordin im: .
WA el peeidiey SR B8 VRBHOp ee Sy R i i te
of syiival scresat nozzle fonstemizirg thedrbated dlkalipb watar. t he car bon
particles present in the flue gas after the second
sbagahe 28ysteeacaordingn tac claindli 18y fuethet aiompaiding Ware redectrostatic

pretipi=tr o el 18 sebRBUa! Fhae il Beerd e Sindteetlor

produce a final c¢clean gas. 26. . The system accordi.n .

P88 ciha sifteen Shcoing Griaid 16, uhprehDe e dRier ERPrSes a thir
staf & e natagaﬁ wRke\is desd toflushsdut theccarbare particles present in the flue

constructed as separate vessels of the reactor in
gaﬁgfqrél%q]f?qonpgfagﬁ on. 27. The system according to any

one of clains 16 to 26, wh [ '

oB5ni ng systed gccggj_ir?ngbclaim ‘érgf iﬁl ﬁ;eg]ear rgéctalg{linét%r op%(ejr%ister is
proviieB anat sitdd erecdire stape tdmnove fie @teraeodiets to produeeca figal clean

carbon and oxygen, wherein carbon dioxide or the

98%ar bonat e- based conpounds are subjected to the nethod
according to any one of clainms 1 to 15. 29. Use
226.0THR RS 26PAPIRG38 CIaURABeT 4 WBStelT Bl i wagi.gf dhe reactor
areCHBVIABA G5 addivyle $€dctert ercbonstomstéd as geparates oessielst ofrte oéactor in
h bi c rbeg?r}at es, carbonates, carbonate m nerals,
OZOMR {BHE™ and dol onites. 17

27. The system according to any one of claims 16 to 26, wherein the reactor is

made of mild steel.

28. Use of carbon dioxide or carbonate-based compounds as a source for
producing carbon and oxygen, wherein carbon dioxide or the carbonate-based
compounds are subjected to the method according to any one of claims 1 to 15.

29. Use according to claim 28, wherein the carbonate-based compounds are
selected from the group consisting of bicarbonates, carbonates, carbonate minerals,
limestone, and dolomites.
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