METHOD AND SYSTEM FOR REMOVI NG POLLUTANTS AND GREENHOUSE GASES FROM A FLUE
GAS Field of the Invention The present invention relates to a nethod
and a system for renoving pollutants and greenhouse gases, and nore
particularly, to a nmethod and a system for sinmultaneously renoving

pol l utants and greenhouse gases such as 802, NO', and CO2 froma flue gas
t hrough a conbi ned effect of adsorption, bond breaking end result alike
reaction and tinme varying | ow frequency el ectromagneti c wave treatnent.
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rel easi ng CQ2. That |s using the linme processes to renmove SO2 is in fact
an exchange for CO2 generati on. In the case of using the seawater scubbing

processes chl{g?dIrEM%fﬁg%we Wlfuric acid is produced due to the reaction of
S2 and wa yp| callTy the scrubbed water has a pH ranging from2 -4, and
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Presently, control measures for removing SO,, NO, and CO, from the flue gas are

discussed as follows.

To reduce SO, emission, the approaches in existence are typically to use low sulfur
fuel if SO, is generated from the combustion of oils. However, the use of these
approaches would be hindered due to the high cost of low sulfur fuel premium and the
availability of low sulfur fuel. Lime or seawater scrubbing processes are used to reduce
the SO, emission if SO, is generated from the combustion of coal and other combustion
processes. Howéver, the use of lime in a dry or wet environment would lead to
generation of CO,, because the lime CaO is typically obtained by heating limestone
CaCOQ which results in releasing CO,. That is, using the lime processes to remove SO,
is in fact an exchange for CO, generation. In the case of using the seawater scubbing
processes to remove SO,, sulfuric acid is produced due to the reaction of SO, and
water. Typically the scrubbed water has a pH ranging from 2 - 4, and as a result, would
acidify the ocean and release CO, from bicarbonates and carbonates commonly
present in seawater. The above processes are therefore harmful to the atmosphere and
marine environments, although they all are able to remove the pollutant SO,.



There have al ready been many | ow NO engi nes and burners to reduce NO

em ssion. These | ow NO conbusti on devices all have a conmmon di sadvant age of
conprom sing their conbustion efficiencies due to the use of a | ower
conmbustion tenperature. However, the reduction in the conmbustion efficiency
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either intended for renoving one of the pollutants and greenhouse gases, or
are not a practical solution. If all these gases are to be renoved toget her
by the respective processes, installation of three different treatnent
plants will be required for the renoval of all three gases. This inevitably
results in high capital cost, substantial footprint of the three separate
pl ants, |arge storage space, and high cost of reagents, in additional to
the i ssues of storage and di sposal of final products. The processes and
systens nentioned above al so show that none of themis able to re-utilize
COQ2 or final products as an energy source and they all relate to abetnent



The present invention -has been developed to fulfill the needs noted above
and therefore has a principle object of the provision of a nethod and a
system for sinultaneously renoving the pollutants and greenhouse gases
froma flue gas, which do not cause harmto the environnents. Anot her
object of the invention is to provide a nmethod and a system for
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that such a process for removing CO; is |mpractlcal due to the consumptlon of such
high volume of alkaline water and energy as well as the huge size of an electrolytic
tank.

Moreover, the pollutants and greenhouse gases SO, NO, and CO, are all
produced and mixed together in the flue gas, and all are demanded to be removed
before the flue gas is emitted. However, the above processes and systems are either
intended for removing one of the pollutants and greenhouse gases, or are not a
practical solution. If all these gases are to be removed together by the respective
processes, installation of three different treatment plants will be required for the
removal of all three gases. This inevitably results in high capital cost, substantial
footprint of the three separate plants, large storage space, and high cost of reagents, in
additional to the issues of storage and disposal of final products.

The processes and systems mentioned above also show that none of them is able
to re-utilize CO, or final products as an energy source and they all relate to abetment
technologies but not energy recovery technologies.

The invention provides a method and a system that are capable of simultaneously
removing the pollutants and greenhouse gases from a flue gas at low cost, without
causing a harm to the atmosphere and marine environments and without the need of
consideration of disposal of final products and storage of raw reagents. Instead, the
invention utilizes the final products to recover the energy involved, which has not been
taught and suggested by any of the prior art reference documents.

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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In-one preferred enbodi mrent of the invention, step a) is controlled to
allow the seawater to cone into contact with the . flue gas for a duration of
1 -90 seconds. In step a), the seawater ‘after contacting with the flue gas
is controlled to have a pHrange of 6.0 to 7.5, so that the pH would not
exceed the desired discharge control Iimt. Wile the flue gas entering
step b) is controlled to be I ess than 70C. The term "treated al kali ne
water” herein is specifically prepared, for exanple, according to the
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entirety.

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 ofa principle of water



The treated al kal-ine water preferably is electrolytically prepared froma
wat er source selected fromthe group consisting of sea water, underground
water, river water, estuary water, rain water, industrial water and

dei oni zed water. It has been found that the treated al kaline water,
when being subject to a tine varying | ow frequency el ectromagneti c wave
treatnent, would facilitate the renoval of the pollutants and greenhouse
gas fromthe flue gas. The details of the time varying |low frequency

el ect r omagelettidysiwaie applgiag aitectivavent bewmns tiesdedtiodes Placedhivan elegiiatdicng PCT
appl i catiopy, ?%e%ié@t;%@@&%@@@%&g,po&.h% ;551@81{ the %B\ﬁerOJouV@é' i& Ball'eé “4riRier por at ed

herein by reference in its ent yecover, car bon
particl es SRETSRy JUNe JonElestuls (?Oﬁné‘it%dptob? %%HVB g ?fetB%(B’PW%rdsoéﬁe P step b).
| f necessatsfied Statiprieaiectnde’bYVheh thehmweeishad positivebiens éPrapdd nfigratedae or nore

times. é{é%é?ﬁ&deaé@& eObind hﬁ‘e IBYARE ] 195‘5 (SHY Qudi dj‘ﬁﬁléiﬁteatosbﬁ%t &Babor

renmovi ng poll utants an green ouse flue gas

stream cofi§fifasiengenerally, ghe @&8?’%@”83H‘F |C§hhr° %'?Nfgﬁlg’?ﬁegﬁqe?%awg?w\gmst ages
for renovi figshinaeermbldring &mssaveatel aydéedrogersesgadieay bt osanndiepcetiibugtis, wherein
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density of this electrode. The mcrease in the current density of the cathode electrode

would cause the hydrogen generation faster. In this way, hydrogen ion (H*) in the water
would be reduced to yield treated alkaline water of increased pH.

Yet another way to increase the pH of the treated alkaline water, an electrically
conductive substance such as active carbon is added into the alkaline water generator
of the invention. Because of the electrical conductivity of the substance, the oxygen or
chlorine genération on the anode electrode would be impeded when the electrically
conductive substance surrounds the anode electrode. As a result, the treated alkaline
water can reach a higher pH value. As an alternative, an ion membrane or a non ionic
physical porous separator or a diaphragm can be arranged between the electrodes to
block the migration of OH" to the anode electrode, such that the pH of water in the
vicinity of the cathode electrode is increased.

The treated alkaline water preferably is electrolytically prepared from a water
source selected from the group consisting of sea water, underground water, river water,
estuary water, rain water, industrial water and deionized water.

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



In one preferred enbodi nent of the invention, an al kaline water generator
is used to electrolytically prepare the treated al kal-ine water, which is
supplied to the second stage of the reactor through pipelines connecting
the al kaline water generator to the second stage. Advantageously, a device
for generating a tine varying |ow frequency el ectromagnetic field is in
combi nation with the al kaline water generator such that the treated
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of the invention are capable of renoving all the three gases
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the di schag@enmkega@btfmmd flie gas, Whereima inst stage ofdke stagrstincddes etfirat he

| | | d d
ggﬁs?gle??n§§§/% e‘te?ar :rﬁn)?u&nﬁlfh% ﬂfee%e[gQO %@?@ug\:ﬂd}d ghg?&g’?\? ?%rédcﬂﬁ{ar?pé& ucts an
egsttane f'{fé mkﬁtfprdntreﬁucm SRR sPavAgdr cprae e f °225'”é he Rt al

I nvent1 on
car bon andggxygedduritai fidw sisttiretorremoves@fran therfeegies; agai sechrorstagerdfust i on.

Thi's i npr Oéessg%res?r;[cih&% htylegé?%ng RELHY wﬂél&c!‘UrClHr&fbcﬁBftﬂeﬁfe@r&ﬁ(&élﬂe%at@ﬂ}é

car bon- bas recovery energ% % r onahﬁ) based
subst ances thedleh gas risingamerd from;thplreigige 'WSICB‘I‘ﬁt?ref (ﬂ‘re?tf‘?@ ? I9EVe el udi ng
bi car bonat g§d ROgfrédtROM@IRS apd gemnite ioRydeh@ng earhant partides. f r eshwat er can be
treated as an energy source. \Wen their carbonate contents are converted

into CO2 by agé grob&aonBalithe tdhtactrae CEikep thdiseaslatesartdteeflyeagsi org drhr ough
the reactor to for_conversi t. The
c ofesubasiages m B be a gae& {Httﬁ)e fikf lﬁhrdgﬁfop efl?ﬁg %Y&ﬁé\nn of

objects vant ages an of the i nvention
will be fubOhedensrallpdhefietstage hase mwhtmgﬁ@f Bé%T?ﬂtﬁ’rSﬁ?”’@fy e 1@Bhcept s and

? thf Ugt ures td)afnoMﬁ% dAvaiRy tcpdbnw ihtd cortbervanaie: fiue g]:abeoracgmnmangd ofgimérsawi ngs.
e daraw n | ustrate .th elnvenl t imtation
. B fempera thyof ﬁt&%ﬂ%e gasg] d%Pr % d{B ek thdr¢ ggﬁehﬁué ag

to the inv rie scr|pt|ono aw ngs Fig.
lis a schenﬂat&tbedft(@zgcﬂatﬁg%hovm ng an enbodi nent of a systemthat i ncludes a

two stage reactor for renoving the pollutants and greenhouse gases fromthe
flue gas. In one preferred embodiment of the invention, an alkaline water generator is used

to electrolytically prepare the treated alkaline water, which is supplied to the second
stage of the reactor through pipelines connecting the alkaline water generator to the
second stage. Advantageously, a device for generating a time varying low frequency
electromagnetic field is in combination with the alkaline water generator such that the
treated alkaline water is subjected to a time varying low frequency electromagnetic
wave treatment 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.
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Det ai |l ed Description of the Invention VWhile this invention is
illustrated and described in preferred enbodi nents, the invention may be
produced in many different configurations, sizes, forns and nmaterial s.
Referring now to the drawings, Fig. 1 illustrates a system constructed
consistent wth a preferred enbodi mrent of the present invention. In this
enbodi nent, the system has a reactor 100 including two stages. However, it
is possible to include nore stages in the reactor w thout departing from
the scope or gpidriihg Dithé ineemioesdinte stagesnt themeactor magdeshoidedima fingle 1, the
reactor 100Q, c?orgpggn'fgtg&&g d RpBaNEyeRsdid bthe RbAGE 120 located at its bot t om

and a secon stage ove the first stage 120. A flue gas 200 enters the

first stage 1?nO ofhdstdo Ih'er %ce 39' gétenlrg%valllﬁ(gé%eme BliorbiEnORictRmapl t he

reactor 100 an passes u vvar second st ag ‘}40 t exit via
an gas out Iﬂ@tSYi‘@w @Hﬁet'ﬂ‘ée“f'@baréf"a%%e ?@5’(‘99‘6’?9 allghe three gapRg SOt hge 120
has at | easthoh\&ignma@mmeoabes‘ tha eizé ofsysteowand thetcapitab oast.én BEhveytioabtber pt i on,
the other gsetsomcfngtge%hnot Qﬁge etmtﬁé %érbté? :Qrg rﬁgﬁ’ly rb&‘%egqg thaF ré gctﬁgcond

stage and 98°Coht 6l i schar r ef erred to
"wash wat eelenieatabisiajest ?@ﬂuﬂ‘hé’"'ﬁqrr%ﬁeckt‘%ﬁré"za "P” ?ﬂ‘ea?ﬂ’ﬁ‘ﬁl?f’ g?ﬁt'B i €he f1ue
gas after ?3 erSr@bv@Hﬁ@@stt&r@@@athr gitainedeore ttic inventioy wold nheafieetibad st age
woul d be affecte tjnl ictedhdf first
stage in tﬁ%gi Caqs’()slfw{] héggﬁrl?er te)nrfe%g?(gtq%lpe o?hﬁh%rﬁ lJue ggsc(aﬁ%(gé??ﬂe hei ght
of the fi r§t0f@eaiﬁéa\'¥'§39%’ﬂ%ced |n the case that too acidic wash water is
produced. Typically, the tpH of the wash water 122 fromthe f| rst stage
is in the rangbe ghosk agvantagesof thedpvantion o it 9eseratied of Elements! SToddel§ can be
controlled nrt%mdtnbaeié;ﬁHMaa@tsrbbn BRd bRjger evmichivan fok wecayared and réused ngdini fal

seawat er .

woul d_get tC8IBE)léS @Eg‘:‘g,p%]\}é@ brzstc%gy ttﬁ%%ngt BlePrBEhchnt idRs Moadngr 122

usS excee I sSC ege cont rol limt
by the Reg@?@?@i\-@ﬁ%ed frelar Wity pech 2 rﬁecompée'terw 7 cARaRRlePRSHSURHATES| | ed Dby,

fﬁf exanpl ucH B8 MetHN, lmﬂeswhe fdoro'ﬁ’ﬂtestcﬁgmg fike, oqugefbe?xrbenlatewrtandl rregg
t he contact is contr r
b§a‘§’ﬂg§ﬁ%i’r gent In F kL %:Yat% cg':f‘reg’hv&atgr can %89@9%(1 aBhh Seﬁérgp L%Lg%é By

seconds, an e

restricti nthdméhdﬂeqﬁajmnatﬁcqnt?@tSfﬁfﬁ§Pn@ﬁ9@16‘t° %ﬂebb?c'%?%m§ﬁbth§tgé§§92l n whi ch
the cont actyddub®y isIhdrbpditing Medudipihe heacstde tboricbnichgor iattosieheradl c8dni s f ound
to be madgagate This woul d not increase the contact tinme between the

nat ur al P¥E%3nd the flue gas whil e increasing the removal of S and
mai nt ai ni ng t

22t
The flue gas gﬁ? QF‘F?@ ‘{hﬁ@c ?técts %tivgntggiszﬂqdﬁga]glcggﬁ%ggt&g{%qﬁve%gorﬁwgtyp| cally
cont ai ni ng bB@@theNSabordte@up tharfollohing @S@@i‘p@ﬁbﬁbeﬂenqeﬁﬁgtnﬁgtrﬂ?tefﬁﬁ ebthe - 500C.

The f Idr st m&?onl\&ﬂm te?er@:%éf foOHE %‘écérﬁ‘pdﬁ@hﬁg dlaviihdss tThead &tingshitladtatelhéd f or
i ntroducin

nat ur al wat er st wat er. t to the first
st age. Theg"f"FPté‘t“ kthfaé ?Ftﬁ"%ﬁlf‘e“i' ﬁgn@t'%'bﬁ%g@t DO %r% ngzé{le or ot her
suitabl e type of nozzle which produces the desi rabI e mst pattern, such as
a spiral screen type nozzle for allow ng the seawater to be atom zed in the

first stage and spra eg downward to come into contact with the flue gas
rising up\/\éﬂai%ﬁlt‘—’éél—@ﬁ&s'—?"ﬂé%% inlet 122. In preferred enbodi nent, the
first stage 1%?9 1 is a schematic diagram showing an embodiment of a system that 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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has a height of Im- 1.5 m which allows for the sufficient contact tine to
reduce the tenperature of the flue gas from500C to less than 70C. In this
enbodi ment, the flue gas is contacted with the natural seawater in a
counter flow direction. It would be noted that the natural seawater can be
injected in a co-current flow or cross flow direction relative to the flow
of the flue gas. It is known that SO2 has the nost acid strength anong
the gases SO2, NO and CQ2. Therefore, with the arrangenent of the first
stage 120, withe prefeoed éybaim&ORf the ptekentfinvaetiqgasindhia ebodingrit thak¥ierded by t he

natural seguater,dydeh Hchﬁnn@%& 'é@beéji—loﬂlbk/é?f it fs"b%sé’f@ﬁb WaL® mértZtapd t he

control of the tenperature Of e as above.

Here, SO2 |'%th€(5?ﬁFé9’f"@B°‘ftHFE‘?”§19Iff°m h8 S&%q%cf’rée'et()?f%ﬁﬁe?eg ‘PH%‘?% | owi ng
reaction: SO2 + H20 - H2504 en f ndtt} n ? nti al
amount of NO ﬁ‘i&hw'%I1dtflﬁ’ée?°é%\?8dﬁ ‘F‘?"gﬂﬁ'rﬁﬂg’u'ﬁvﬁ@ s %832 f‘!’ﬁa’ﬁgwar dto
t he second asitapetom and Meeqoht efage 40 waxsik thefiret stade ‘tZ@eAfﬂw gas gdtgyders s

mei nt ai ned tlli Ofxr@ |9Nid zpﬁr@déas ullIQt {ﬁQOJa'téfdsatt th%t?&%m cﬁ‘tﬁerr@é&oﬂ'mléﬂﬂ of C2
i s dissol ve e vapori ze ul d he transf eL1r§|d the

second st ag’ésﬁea‘t%’é’?rdt%ﬁ‘&ﬁh'ﬁégrétr'??ts?%‘ﬁ‘dtsé?gﬁﬁéoé? RESBhE? 82 e Rates the
em ssi on oftofC&iheiteattogidohe renpval of SO2 as it is found in the
conventional processes using seawater scrubbing or |ine. The results
reveal ed t hat ThERirst atagde20 ranatdehsh ywatssattizd 8 clianst ére i§ ita moge e b120 of t he

reactor whepg, by h Rt I|s BB He lﬁ%’%p&%% Bﬂhé‘ﬁ@é) 5% f§rqge second-gtb@esecond

stage 140 is C gure renove %r tg?% Li kew se,
t he second a8 &g@n!m'csh%!é OVH? RAveter & B gischatasH (re r&%‘% Wfﬁ'llw? PP oduci ng
the treat edroal thahisnaagmfme temb@ratukeofsmmmbastaagahe fiieestagedoted hight e i nt akes

144 are at e‘ch eﬁ'»?}y %Mheil gé’c%v\g ﬁ%g; lg&) b cf%gt %Itbbép@f Qfb-1974! mgy @6 ot her

suitable ty uce t esirab % atter such as
spiral scr @eqvmlegﬁ;i@r the first €aoe 'BﬁheaquS\ﬂf thg higher FF@S‘F’&H‘E 8{??5 'P%%a%ﬁf @F to be
at omi zed i meightofsiechsitafeagedadtd if thewaswiatias doidithash wetat sgraaduked. i ne wat er
is supplied froman al kaline seawater tank 400 in which one or nore

al kal i ne wat erryge4dngrtas pmf&ewvaan @afer r2nged theofiret stagferioinythd @age yf G0 epar e t he

treated al ?aéa: g fg\’%Ely fiot ' llgps') %aﬁ@@déﬁ@? n bgg.%n{rl)!}é@ ﬁﬁe' &n%mlﬁgt ed with

the treated’ wat er be not ed
that the trbéme@d tl@ﬁ ﬂéﬁlgaﬁénﬂé\ﬁleé\atl’é%lﬁe%’éat?fn]f E@tceataFHm%? 'E£P°é‘angr g'ﬁtp fow or
cross flowyeH (vash im@fbrrﬁbaﬁlddkﬁgétotob heidid end efustdxeedd the rgausired dischAgenent i oned

above, the t er@?@%&ﬁ{tﬁe lQeegsu f80d. r&%?g_fﬁygoef\&%cpgmg *E'.@eo%%%@%oﬁt@og gg§nghoul d be

| ower ed andopf han as_cont ai Ns nd NO as
well as a tfcpraacxemahedbﬁhelgm obihe fistt sigeedn Aer Pr@@ﬁ?éwaweﬁe@ﬁﬁ%’ga%f'mﬁts

renmoval inid Behbildssto bet £.080 det@nds, preferably 15 - 60 seconds, by the height range of
0.8m — 2m for the first stage 120. By restricting the height of the first stage, one or more
sub-stages in which the contact time is maintained can be added if the removal of SO,
is found to be inadequate. This would not increase the contact time between the natural
seawater and the flue gas while increasing the removal of SO, and maintaining the pH
of the wash water 122 to be in the range of 6.0 - 7.5.

The flue gas entering the first stage 120 is a combustion product typically
containing SO,, NO, and CO, and has a temperature ranging from 100°C - 500°C. The
first stage 120 is configured to have a first water 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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It is surprisingly observed that the treated al kaline water, after being
subjected to a treatnent of tinme varying | ow frequency el ectronmagnetic
field, would greatly increase the renoval of CQ2and NO,. Therefore, a

devi ce 600 for generating an el ectromagnetic field which has a varying | ow
frequency is placed in the alkaline water tank 400 to energi ze the treated
al kaline water. In this enbodinent, the device 600 consists of a coil

wr apped around a piece of pipe. The coil is connected to a separate panel
from the ahkoah heightvaitiar — dénmar wihicr siloB@forftoe stfficernticagtactiena toaadusd tha kal i ne

water by a&mﬁgw&e@k{hh 7 ggg%@@oé Woiersg%é%%yc%%ﬁéérﬁB&ﬂﬁéﬁt'tﬁeﬁu@' dto the

wat er surrou etails of de 60
ref erence 93 isKY" ?F’@Id ‘fi'ﬁbth galurahpeaster ﬁtﬁ'ﬁ%@%é 6[5?)% ?t ‘“I‘H‘gd %%Pé?“g‘rz ed
treated al fal ihaenanmileseawstes paralye thidcteridn fai svecumiest fovf o:om@h@vxselwmh wat er

i nt akes 144 t. e gas rising upward fromthe first stage
120. %I%tlgemté%ﬁé\\%&stbgﬁ%éé#he gases NO and CO2 are found to be both

reduced %gs: fégsa;H n\%;sthsc} W%sQﬁé'%%Ioéc%‘%}@n fh'é?ﬁorﬁ%@@ﬂsé%aéé flcgandind

oxygen. S revea can e red to 95%
Oy nGonheisec e apaes 50t 1 &3t Sage T e Ao 07 iRt o
reduction fife GasPRIhaRir&gHdsbed oY tieenaniralNGawatdr QR it edntualyd phicfdpani ed
wth the gﬁn%r\%te%zogndah%ﬁ%mﬁﬂgtet?rﬁ)e}/é?urg %?th%fflugéﬁgﬁﬂhe fRdshfeag atio of

the reduct!on I'n eration roxi mtely
1:1.5. In abpyetliesn, S usawyértem'amu{fw%ﬂﬂwvdmﬁ%the&"%wg;s%%'%| es was
found in the wash water 146 of the second stage and in the flue gas after
t he second stage whi ch becones B RirfiSh>di@% 0 t he presence of the carbon

particles. Anot her finding in the second stage is t the tenperature
drop of the flthas jean found @é‘s“qwtaﬂ@ aﬁ@é@r‘ﬁl"{%@g QCP?é’V‘{“g’ntﬂfefeaioﬁ? % of the
treated al kgh ltmaeﬂu\é@taepag‘sh@wbdadauamemwemd ibijie pEIS thelvaash GaRES thdowever ,

the actual grs{sqgg@rlg Ut &-i0q b B8 h@ﬂ%retﬁ?ﬁ ?hlﬁ b fﬁ&%lﬁigg ShadSnRst deiggased to

rise by ab 'S suggest reacti ons occurri n%?l n_the second
stage are digesivedrimihe. vapcwza weter which wad ke tragsferreshia thi 38cPREstass@Bi®led in the
wash Waterthlaﬂﬁanémﬁ&etoS%cm:eIomgaeTarseenhmsestmarenasqmmf CO, diihghh¢ he above

findings. oy, 3 SENGe BERUGRE bR hPoloBasbl 603, Lafle sBREARY o 20e

are bond bf% e reac s acconp wth a small
amount of eadime-base neutralization reactions. That |s the mai n chem cal

reactions in the second stage occur as follows: CO2 + HRO -2 H2ZCOB CO2 ->
0+02 NOx+ H2The respgaaveatedipat S zan be removed by about 98% in the first stage 120

of the reactor where the natural seawater is used to absorb SO,.

The second stage 140 is configured to remove NO, and CO; from the flue gas.
Likewise, the second stage 140 has various second water intakes 144 for introducing
the treated alkaline water into the second stage. The second water intakes 144 are at
different levels and also a selected type of nozzles or other suitable type of nozzles
which produce the desirable mist pattern, such as spiral screen type nozzles for
allowing the treated alkaline water to be atomized in the second stage and flow
downward. The treated alkaline water is supplied from an alkaline seawater tank 400 in
which one or more alkaline water generators 500 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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The term "bond breaking end result alike reaction” herein refers to the
reactions in which there are side reactions with the result of reducing CO2
to el enental carbon and oxygen. In a preferred enbodi nent of the

i nvention, renoval of 100 Kg of CO2 requires 12 tons of the treated

al kal i ne water having pH 9.5 - 10. In the case that the treated al kaline
wat er having a pH of about 9.6, the pH of the wash water 146 in the second
stage 140 is about 9, and the total alkalinity of the wash water in the
second st agewdiifs s trxset anmduinadfl SO.re@ naes 1ot chaip Sk basaushef ity reaowdl ikthRal i ne

wat er ent eﬁlispgaégﬁho_second stage 140, which is very close to the alkalinity
of the seawater-: e wash water 146 fromthe second stage 140 woul d be

m xed with thﬁlg]sséugg%ghté grﬁg%]rgé.qcthg\Qﬁ@trmc?élkélﬁ_%@wfafe‘P,_rBftEhS‘eirﬁd §blechliage 120 to
A

result in discharde ~ having a pH. that |s,ty_,callﬁ8%§|r.rmre. As
nent i oned HBYPEN QTHE ARG @Wafff’d]”ﬁ'i‘{;’rfi'?cém@@ﬂ'feé'ﬁtﬂg di WOVl SrGRE NVE_r 146 of
t he ‘secondtrgtragevansfeCOaed NJ)aTheBefapra dévinedd) farigenetptrghmy gestraaagnetiof t he
nvent i on yauhhidtas [&5he i f.g\a@neg!ascagc&y§ttﬁ@aa@%§@gseﬁianﬁ54mhs

of Poly Aroma

di scharge requirenment 4 ic Hﬁgr ocar bon PAr% whi ct} i g | ess than

1ppb. The enefeiraihgerapirdesikalips Watert Rdhis SPLRTIMGRL theudevies PORE BT ¥R RhP ged

directly. Abitverapsdd aréing,a gidre of eipel Trendoil is cohnratedib atseparagianeldtoaTthe 26 of the

first st agSlkS’ﬂ?x)Q Wi QRS Do RESR torl FEatd e aRRCANNS hABPLE BFNIRY & el T Cul at ed
p a) as source of water. 156 t I

back to step . er t o cont act t ge. ulﬁ gas for
renovi ng 8PEYINTiWsreaueneuelactionagasiic fipld fodheivaley sf‘ﬁ?”ri,ﬁ\prﬁ Y#fe 'N&t ur al
seawat er t gethiise of i thet deliceg@00 r oay t ineke eafsednee toantke FOOT application i 8o.obvi ous

that the | BYSRABsbGHBAACLRIIZE Irddlod ARbInNate i shribeih® TS DY

bond- br eaki ng en : eactions rat her than by neutralization,
because t h&p® thessagopdwetenntakes 144 to miyuih thellyergas iske L\H}é’?@rﬂ%‘? "edEtsecond
stage and gap@ngr quantity of fine carbon particles are found in the wash
wat er and the flue gas treated after the second stage. In the
conventional petikr flcbihbiags heoRres&O,fand Copave gAY, bet hethmeducedi f fi cul t

thing is t rfr’éﬂy@mﬁ%g{?&é} Neselse %ﬂib%e&agﬁe%iaﬁggx%g%ngﬁyeem% rdiRdietihen N205,

. rastl .
all owi ng for Fe’ ne izatron w e roduce nitrate. Wile

accordi ng thet NRanp N@zsan ba redyped byt yrito3peAnd Qe 9e8 IPeedusad B UP 0 i s
ener gi zed Piotih@ad inBResyRg thant@e reiclidnas] ageecentabe by valomgRENDE ant0@; kr eat nent ,

is introduced into the o] Q r i nt act
with the. 1 Pl eBmblifed P RE oRh 8o o pRftehERE LA fe e afla 60N A0
9. This sutjesf thetreductiornie NQavd E@xta e genpiation effppvas aoxmatgli1nks-

envi r onmeniy additiohNd frded§uRintit9>of Jéry dihé earboh phittieanas foundkiethel veask waldrat i s,

the neutralizatjon reaction_is. utilj I I : NO and
N2 pr esent ¥ A PREFT e agtoanchn e 14 g2t B¢t o seb B M bERRES

convent i onatownishdpe ta the piesenqsrad desasekon pagiclegxanpl e, using NaOH for renovi ng
COx2, a large anmbunt of NaOH is required and the disposal of the final
products is ahegherrdinpisg irethe\aatdnd sigoeds Hishtjetemparaturedrenef HA flug Bas ¥aj ority

gf Ej hg gai Jegg)aﬁainsyépéﬁéi@it‘cﬁr@& iﬂéttemgé:t%fm@baﬂhe lccr@étl@arau@n@b teg stiouyhave ¢ oo
ond-breaking end result a reactions, s . 0

is absor beH‘C%ﬁ's‘?‘ﬁBy fersﬁérfaé’dé)'g%o%aIhiowgv%tthgraf;ﬁl?meé%g’g (r)grt%fe @%W@% idaﬁ'gi s used
and the di spmsdlstage waseddtesiad tqrieri by taboeto®€. Mbis wwgpstts that ithroreastieist i on. The

absor pti on Qffrlinbie t 2Rofd 8RIGE tara! @ihertfic Wl 8dditny @se biteds banaitee and
carbonates In th ents .of gh are far | ess than

h t 46, th t i
t he contenf’@s%‘fe‘ﬁ?%?’@éﬁg‘?%1 ?18ft@%lsg‘i?ﬁgtgé’ge&edaf?ctﬁm| §P¥he conventi onal

neutralization processes, Mre inportantl. t inal .products _of the

i nvention, calfBin&ARCYEANGEES: It tE?é’g@gEeB%‘}&detB& t&%fe%c%g%Péﬁetsﬁ%ongar bon
particl es btagé he boag breaking endresgulbaike iréactiorschcodripaniad withea $maleareaunben i n t he
gas may be Leegver&d et rdakfis! Pt A, ite RERThBical RBetions in the sBEshd de
better conveni ence o? recovering the generated carbon particles and oxygen
in the sec8idde g¢xpes olowshi rd stage (not shown) may be added after the
second stage 140 of the reactor. The third stage can al so be used for
removi ng the residual SO2 ikCehdP a8, Specifically, the third stage
can be configured to receive natural water to flush out the carbon
particles fromthe flue gas rising upvyﬁrd fromthe second stage 140 by
physi cal contact action to wash down t'he carbon particles. Then the wash
water comng fromthe third stage, which contains a portion of carbon
particles, can be m xed with the wash water 146 fromthe second stage 140,
and the m xed wash water as such is subsequently filtered to recover the
carbon particles. The three stages of the reactor can be provided in a
single reactor as shown in Fig. 1. Alternatively, separate vessels arranged
in horizontal relation, each dedicated to a specific stage or set of




According to. the invention, the reactor is generally in an al kaline

envi ronnent, although the first stage 120 of the reactor is under a very
weak acidic condition. Therefore, there is no need to use expensive

mat eri al s having high corrosion resistance for making the reactor 100 of
the invention. Instead, the reactor 100 can be made of a nuch |ess
expensi ve material such as conventional mld steel, which significantly
reduces the costs of the reactor. As di scussed above, the renoval of
CQ2 is acconpani ed with t heCgene€Cat®on of oxygen and fine carbon particles.
Based on the nethod of the invention, the gas CO2 which occurs naturally or
I s produced chem cally, or WabdateHB@sed conpounds such as m nerals,

| i mestone, dolomtes and the |ike can serve as an energy source to recover
oxygen and carbon. For exaniOg,> Nf+Oarbonate mnerals are taken as an
energy source, then seawater may be el ectrol yzed by a separator such as
menbr ane. TheThkeietn pond beettingledd treésit plikecrabttipntizateib eefarsdal tHegeadtions int he

carbonat e i, ReRAl S,k QidGESLBhE @éUIt(U? réd%cfh&%'@) t4 Ei@hBRaAridpenget hod of

the invention to recover carﬁon an oxygen. I T concentrated CO2 is
obt ai ned fPO®FR-he CO2 capturing nmet hods such as am ne net hod, then high
contents of carbon and oxygen woul d be obtai ned by the net hod of the

i nventi on. Ex@rfppreferred emﬁo‘\%&‘ﬁ"tﬁféhec igygntion,iramod) gt 0 Kehefir4 'RAWHE§ 121 i s used
to treat atchb Wt tigasealdl akalneewstontavingopd 9fHO. Iidhegbdseathatt thedreated to 11m

Hei ght Of LlQ&mE ra%% '%&ﬂﬂ,%rp'ﬁgpé’ffg&g@ %%Fgftthékl\ggh Relrags id e sbédhg gas and

wat er : ressure sea water; 2 to 8 bar BH of the
treat ed aI nggq mp isnapeyt 9gangd thg totgl alkalinity of the wash water in the second stage 14
substantially remains the same as the treated alkaline water entering the second stage

140, which is very close to the alkalinity of the seawater. The wash water 146 from the
second stage 140 would be mixed with the slightly acidic wash water 126 from the first
stage 120 to result in discharge water having a pH that is typically 8 or more. As
mentioned above, the nitrate and nitrite contents in the wash water 146 of the second
stage are less than 3 ppm. Hence, the discharge water of the invention would not affect
the ecological system and satisfies the discharge requirement for Poly Aromatic
Hydrocarbon PAH, which is less than 1ppb. The discharge water 166 of the invention
thus can be discharged directly. Alternatively, the resultant mixture of the wash water
126 of the first stage and the wash water 146 of the second stage can be re-circulated
back to step a) as a source of water 156 to contact with the flue gas for removing SO..
This can save the energy required for pumping the natural seawater to the first stage
from the seawater tank 300.

It is obvious that the invention is characterized in that NO, and CO, are removed
by bond-breaking end result alike reactions rather than by neutralization, because there
is almost no nitrate found in the wash water of the second stage and a large guantity 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 NO,, 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

11



Concentrations of conponents present in the flue gas: SO2: 10 to 2000 PPm
NOx: O to 1000 PPm CX2: 2 to 7% by vol une Tenperature of the flue gas: 100
to 300C Flow rate of the flue gas: approximtely 500 to 2500 nB/h Flow rate
of the natural seawater: approximately 10 to 25 nB/h Flow rate of the

_treated al kaline water: approximately 5 to 25 n8/h The results of the
tests showed that the renoval of the gas SO2, NQ and CO2 are 80% - 100%
60% - 80% and 20% - 60% respectively. Thus, the present invention

provi des aabait boThiasndgasts it tesebincistakits hicomplgtelyeatialise emgopoédtuinant s and
greenhouse I*?saéagé Hatidht l@@%%ta‘(é ﬁl’gh@ Tfthg tgé‘ﬁ dutr-grk‘zatlbr??é%@ﬁdn(?ér‘ndts

S|gn|f|can more econom cal and veni ent oes not,  cause harmto the
envi ronnenﬂ@'zeWFérfe@éYfﬂ%\ﬂ@jg%ﬁeﬁ NQ ﬁ@d ;NQ?C@’@%%@ "&H'ET Wes9asne Hhey PEREpr i or

art, the i mvéstiohon exhi bits a novel and unique feature that el enental
carbon and oxygen are generated as final products and can be recovered as
an energy SOUlrCéhe th@vehtidranireOfalizaionoplogeseby és &ltzenpid, omsme Naobb farm

associ at edre\/r\{kov tES é”‘%“n%{lhpgf F\IS ﬂQ'rQ&Ju%ﬁ arthe &lj Qsﬁ f dahgs the
65?3

need of using C rocesse e need of
di sposal proppq:{aps a‘ﬁoogugst@ Whlle accordmg to the mventxon the majority of the gas CO,

is converted into elemental carbon and oxygen by bond-breaking end result alike
reactions, although a small portion of CO, is absorbed by the treated alkaline water.
Therefore, no chemical is used and the disposal of the final products does not exist in
the invention. The absorption of CO, by the treated alkaline water gives bicarbonates
and carbonates in the wash water 146, the contents of which are far less than the
contents of bicarbonates and carbonates produced in the conventional neutralization
processes. More importantly, the final products of the invention, carbon and oxygen,
can be recovered. For example, the carbon particles in the wash water may be filtered
off and the fine carbon in the gas may be recovered by an electrostatic precipitator.

To provide better convenience of recovering the generated carbon particles and
oxygen in the second stage, a third stage (not shown) may be added after the second
stage 140 of the reactor. The third stage can also be used for removing the residual
SO, in the flue gas. Specifically, the third stage can be configured to receive natural
water to flush out the carbon particles from the flue gas rising upward from the second
stage 140 by physical contact action to wash down the carbon particles. Then the wash
water coming from the third stage, which contains a portion of carbon particles, can be
mixed with the wash water 146 from the second stage 140, and the mixed wash water
as such is subsequently filtered to recover the carbon particles.

The three stages of the reactor can be provided in a single reactor as shown in Fig.
1. Alternatively, separate vessels arranged in horizontal relation, each dedicated to a ‘
specific stage or set of stages, may be used. It is also possible to dedicate a single
vessel to a single stage, while another vessel is dedicated to more than 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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Having sufficiently described the nature of the present invention according
to sone preferred enbodi nents, the invention, however, should not be
limted to the structures and functions of the enbodi nents and drawi ngs. It
is stated that insofar as its basic principle is not altered, changed or
nodified it may be subjected to variations of detail. Nunerous variations
and nodifications that are easily obtai nable by neans of the skilled
person's common know edge w thout departing fromthe scope of the invention

shoul d f al lredigtéreetidranaidrothe efactonil80 dfitkemverdion. Inshad, thesreadtan 10can be 1. A
met hod for [oA0% NG, RA! @Qﬁeﬁns@@%ﬂérﬁa‘?@h&“%@ QAvERorat? ZmildNel, @Rn CO2f rom a
flue gas stream conprisin t eps of a) contacting natural

seawat er wisioRifigartly U@%%"“Pﬁ”és efdl)?lfe@PtOfl ow, co-current flow or cross flow

direction for arq%&ven period of time to renove SO2 fromthe flue
b) cont act i ngAsdsgesed AR ithr refRaval oft (P If @CPIRANGNVINANS JBRRIAYRY flow
CO- cur rent okygew =t fite @adoh paiticids. rEactd om tHeometaow vithCRertiod, Wgaé CON t he fl ue

gas via b O%ncﬁ Ralf H&ylra‘ﬁgﬁlllé g{h%lu&éat&egﬁzgw artéa%}}[sgfe~%¥@€&n%9d§ﬁfcpon

particles; of emttin as after step b).
2. The net Bednigea@lsr dnagionrd ‘iﬂ'%.“'??? 1end\jhe ke r?a!‘ Feseeds 8y © ?rl% OH%GPer after
cont act i ng radolér dxligenfdndeatan. Fa egamile, ol daednbte nhinarals argitbkereasgm enbrgg. 0 - 7. 5.

geamfe?ef hQSLCQCtﬁQ,{ gézp\/\gatérq?ng B‘%@e%tr VRES DsddbratbCRicR)as hdtforatd. Ghet he
acid produced electrolytlcally can be used to treat the carbonate minerals to generate
CO,, which is then treated by the method of the invention to recover carbon and oxygen.
And if concentrated CO, is obtained from the CO, capturing methods such as amine
method, then high contents of carbon and oxygen would be obtained by the method of

the invention.

Example

In various tests, the system shown in Fig. 1 is used to treat a flue gas under the

conditions below:

Height of tower: 7 to 11m

Height of the first stage: about 1 m

Contact time between the flue gas and water: 25 seconds to 1 minutes

Pressure of sea water: 2 to 8 bar

pH of the treated alkaline water: 9.5 to 10

Concentrations of components present in the flue gas: SO,: 10 to 2000 ppm
NO,: 0 to 1000 ppm
CO, 2 to 7% by

volume

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,, NO, and CO, are
80% - 100%, 60% - 80% and 20% - 60%, respectively.
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4. The nmethod according to claim1, wherein:in step a), the seawater is

contacted with the flue gas for a duration of 1 -90 seconds. 5. The

met hod according to claim1l, wherein the natural seawater is atom zed with
spiral screen type nozzl es. 6. The nethod according to claim1, wherein
the flue gas entering step b) is controlled to be | ess than 70C. 7. The

nmet hod according to claim1l, wherein the treated al kaline water is prepared
by an al kal i ne water generator and supplied through pipelines connected to
the al kal i ne WAl rha presmtittention proBidesT hemetbodend acwystedi wiich effedtiaglyn 1,

wher el Nt NferhdBRhe ota@ én'ae%g@'lthguse' GasEd 86} 1R Yardced s ARAERI The om 2
wat er sour cé Se€l ec roup consi St I n er gr ound

wat er
wat er, ri vévegignds sngm'%ﬁaﬁﬁx/m?@rewmma% @pd éP”WF%ra”&r?&e%B?t&ﬂFiee'?f %g? er.
9. The net ketraraMichis)BvHed comparad dith theraiessdslxad sysatei thd prar arighevat er s

subj ected { 1051'%1%?53{1'00& a!n?vﬁnr%r ng%%hﬁ'e?&ﬁén%%%% lahd Wgnentérgat ment .

10. The mef'ﬁ'e accor erein the tine var¥ % oW frequency
el ect r omaggengrateday énal rPEO&Pﬁ‘éﬁf‘d £an By CPVEIEhss ASENBIY $PUERSy T ReMYSROBener at i ng
an el ect r opBORRY bdlvdsi thé Stovdyeioties aasockited with hewC Oy egtueng yechnologiesl 1. The

ot hod accor (b SN BHUGHS o 1 L BPLEH 1R 8l bl 61 o 2 om zed

Wi th spiral sCreén 1 met hod according to claiml1,
further comnped @ﬁd‘ﬁ@%@'@ffé'ﬁ' @ff’d#c@coverl ng the carbon particles generated in

step b
P b). Having sufficiently described the nature of the present invention according to some

preferred embodiments, the invention, however, should not be limited to the structures
and functions of the embodiments and drawings. It is stated that insofar as its basic
principle is not altered, changed or modified it may be subjected to variations of detail.
Numerous variations and modifications that are easily obtainable by means of the
skilled person’s common knowledge without departing from the scope of the invention
should fall into the scope of this invention.
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13. The nmethod according to claim1, further conprising a step of

col l ecti ng oxygen generated in step b). 14. The method according to
claim1l1, wherein the seawater after contacting with the flue gas in step a)
is mxed with the treated al kaline water after contacting with the flue gas
in step b), and the mxture is either re-circulated back to step a) as a
sour ce Whaeigclaimeehisict with the flue gas for renoving S02, or directly
di scharged into the sea without the need of a subsequent treatnent thereof.
15. The met hod accor di ng to claim1, wherein steps a) and b) are repeated

for one ory nan?etﬁéé vin @Hutfh’é%ﬁ&%%érﬁbué@ﬁ%s%gowdx%ﬁd"bﬁgﬂﬁ% a
gr eenhgyse a%%?rggm g%% roma flue gas streéam conprising:
areactor%)n reno

? St f
pol | ut ant s acr?H{a’%[lré%Hﬂtb'[f’éée ‘%%E%W’fﬂ? 83qu!9@5 iy ﬁg%rg 8 ﬁ?/Wf cro'(fuﬁ'leﬁg? "!r;@[ “Plge of
the st dwediraetipntps& qiven Res mge ?é?m‘?"@r h Viuies ‘Tshe flue gas to pass
upwar d and®)tdnEAFYR ltrﬁétefjeaé‘@t"a? wajg{do dpe flée gps fna CPP'Ft§E Qw41 Gor@Ireedt flow or

i nt r oduerpsryflovadirectionde serioee CQ aneriO; frow therfluaaswia hordbrepkipg rgagdions a
count erwitH gemeratonaf oxygen dridosarioon gartiess; fahdw di rection to renove SQ2 from
the flue ggsolientitlgar emmttmgithetig@ashaftehstesbpges includes at |east one second
I ntake for introducing treated al kaline water to the flue gas rising upward
from the f2rBie setigd dogordingoienclaim 1| wheretnoinciep ehtthe iseawaler aftersepntaching

di rectigih @ flrueggg‘?s &drtrodtfitoMavb QP EMReldr 8% 986, Via bond breaki ng

reactions wth neration of oxygen and carbon particles. 17. The

syst em accorheNdethed Gkddriing o clate RevReteitinfdtéSh), @ of thet deaivatp ini thes one
or nore sub- fség _ff%]for enhanci ng the renoving of SQ2. 18. The system
accor di'?99¢ 8' &Pal-m 16, wherein the at least first intake is a type of

spiral Scrgeﬂwenr%%%log chcr)rd%tgq alm n\%ré;‘l teSra'), the seawater is contacted with

the flue gas for a duration of 1 -90 seconds.

5. The method according to claim 1, wherein the natural seawater is atomized with
spiral screen type nozzles.

6. The method according to claim 1, wherein the flue gas entering step b) is controlled
to be less than 70°C.

7. The method according to claim 1, wherein the treated alkaline water is prepared by
an alkaline water generator and supplied through pipelines 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 atomized with
spiral screen type nozzles.

12. The method according to claim 1, further comprising a step of recovering the carbon
particles generated in step b).
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19. The system according to claim 16, wherein the first stage has a height
range of 0.8m- 2mto allow the seawater to conme into contact wwth the flue
gas for a given period of tine so that a tenperature of the flue gas is
decreased to |l ess than 70C before the flue gas enters the second stage.

20. The system according to claim16, further conprising an al kaline water
gener at or 13 Wei ®athodeacceetitaete alpien(li AEthgacemprising|asliep Afyaolledingyoxye@har ed,
and pi pRineRf&d FUISS) 1 ng the al kaline water generator to the second stage
of the reactor. 21. The system according to claim 20, wherein a device

for gener at4. Mhe amdthd®astardng® dlain f,eusinthe sdReitdraifeg oeitactingiviihdhé flue

di. nmbj ' A h | kal i . i
o A0St FOHE BB b 25 S B SRR P R
el ect a atEyhiand themixtire éaeithen re-biefutated baek torstert axhsa Reurce ef wiateeto ¢antact
ntr . : .
hecor di g e T desoeRhRiho Sy Brechiudhafielinte the sed fiindR i HELEH o

spi ral seqyenhiegtment heredfoni zi ng the treated al kali ne water. 23. The
system according to claim16, further conprising an electrostatjc

preci pi t at b Tﬂ“@r’“?@@%@é?‘?rﬁ@gttﬂ@ad@rﬂer"‘ﬁ"teé‘ﬂnﬁéiﬁpﬁéa and 5@@3 RS %:9{85% %f the
react ormore times?24. The system according to claim 16, wherein the reactor
further conprises a third stage where natural water is used to flush out

t he car bonigak syistdne forpemsdng polutamte ahtl geeephsusd gagestI R, HExoadl €Oadrom a

25. Theﬂ@yiatses@peg&c% gﬁ'ﬁn .0 claim?24, wherein a drift elimnator or
dem ster i ded. at 'qur tpettRAiIrdtstagfeto rem)\/tﬁfilet terd
igure é‘ﬂ) vgaq.} |§a§' o stages™for removing the pollttants an

rQVi
droplets t? fg?fgarué@“ : Wwo : ,
greenhouse gases from the flue gas, wherein a first stage of the stages includes a first gas

inlet for introducing the flue gas to pass upward and through the reactor, and at least one
first intake for introducing natural seawater to come into contact with the flue gas in a
counter flow, co-current flow or cross flow direction to remove SO, from the flue gas; and a
second stage of the stages includes at least one second intake for introducing treated
alkaline water to the flue gas rising upward from the first stage in a counter flow, co-current
flow or cross flow direction to remove CO, and NO, from the flue gas via bond breaking
reactions with generation of oxygen and carbon particles.

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.

20. The system according to claim 16, further comprising an alkaline water generator in
which the treated alkaline water is electrolytically prepared, and pipelines connecting the
alkaline water generator to the second stage of the reactor.

21. The system according to claim 20, wherein a device for generating a time varying
low frequency electromagnetic field is arranged in combination with the alkaline water
generator such that the treated alkaline water is subjected to a time varying low frequency
electromagnetic wave treatment before the treated alkaline water is introduced into the
second stage of the reactor.

22. The system according to claim 16, wherein the at least second intake is a type of
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26. The system according to claim16 or 24, wherein all the stages of the
reactor are provided in a single reactor or constructed as separate vessels
of the reactor in horizontal relation. 27. The system according to any
one of clains 16 to 26, wherein the reactor is nade of mld steel. 28.
Use of carbon di oxi de or carbonate-based conpounds as a source for
pr oduci sRiyatsarerrhnezzte fexgigarzinguhertesated-alkipA WA®Ixi de or the car bonat e- based

conmpounds are subjected to the netho ccording to apy,one.of clains_lto
is. 85 Sgavaietoncioring B @ m (5 salhensenenng fa SEbronaus wepntulr ror
conpoundsowiag 368 gerictatell brygdne thgy satpné stage f thegreadtobi car bonat es,

carbonates, carbonate mnerals, |inestone, and dol omtes.
24. The system according to claim 16, wherein the reactor further comprises a third

stage where natural water is used to flush out the carbon particles present in the flue gas
after the second stage.

25. The system according to claim 24, wherein a drift eliminator or demister is provided
at or after the third stage to remove fine water droplets to produce a final clean gas.

26. The system according to claim 16 or 24, wherein all the stages of the reactor are
provided in a single reactor or constructed as separate vessels of the reactor in horizontal
relation.

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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