Met hod and System for Renobving Gas Conponents froma Flue Gas Field of the
I nvention The present invention relates to a nethod and a system for

renovi ng pol lutants and greenhouse gases, and nore particularly, to a

met hod and a system for sinultaneously renoving gas conponents such as
SOx, NOW and C2 froma flue gas using electron inpingenment in a wet

pl asma envi ronnment. Background of the Invention Wth the increasing

awar eness of the negative inpact of pollutants and greenhouse gases

parti cul ar IfefHifi SR8 SYBTEANRIHRemoWInd\Bdsa0empdhodits ffsm acFluerGagent , many
em ssion control legislations are nowin place to control the em ssion of

t hese pol lutants and G eenhouse gases. Nunerous attenpts have been nade to
nmeet the requirenent of these |egislations, anmong which one way is to go

for post bus g?n as abat enment technol ogy. However, this technology is
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avai | abl e gas using electrominapiciganeent étla wet plesmaghvisinmendi ngl e gas, which will
be described below. SO2 is usually renoved by wet or dry |ime scrubbing

process. This is either a |liquid or solid phase chem cal reaction process
for renmoving S02 only but not for renoving NON In fact, production of the

l'i me CaO wabkdgtolRpst the IvBhig on of C02, when the raw material CaCOB is
heated to obtain the . Lime is used as a consunmable reactant in the
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for post combustion gas abatement technology. However, this technology is not
satisfactory due to the complex nature of the flue gases. It has been known that the
composition of the flue gases differ greatly and depends on the type of the fuel used.
However SO,, NO, and CO, are three main common gases produced
simultaneously in the combustion process. Hence, it is impractical to consider
abatement of one single gas only while ignoring the conflicting influence from other
gases.
Most of the technologies available in the art are directed to removal of a single

gas, which will be described below. 7

SO, is usually removed by wet or dry lime scrubbing process. This is either a
liquid or solid phase chemical reaction process for removing SO, only but not for
removing NO,. In fact, production of the lime CaO would lead to emission of COx,
when the raw material CaCO; is heated to obtain the CaO. Lime is used as a
consumable reactant in the process.

SO, can also be removed by seawater or freshwater scrubbing with or without
the addition of NaOH. In this process, the SO, is removed by liquid phase chemical
reaction with the concurrent generation of environmentally harmful acidic water or
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In the SCR process, urea or anmmonia is used to reduce the NO into nitrogen
and oxygen. The SCR process is capable of renoving the NOx only but cannot
renove SO or CX2. In fact, SO wll "poison" the catalyst in the SCR
process. Another disadvantage of the SCR process is that high tenperature
over 300Cis required for catalyzing the gas reduction. This is

I npractical in the post conbustion systens of many conbustion pl ant s,
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neutralization us to renpve gases SOxand .. The ac ter
produced high coRignbe{gtfeate pueitrita inthe H'Sa'a%rae pgtesx s E@c?‘l"?e's N@@qpﬁk"& °\£,at rate

via |iqui gbri@spcosheaBogal reactions. As discussed in this article, the

entire process 1s working on the 2 principle of liquid ghase chem cal
reactions. @Enﬁ@llbcﬁ?@eﬂﬂf@ flust gpssisdhundrads taes higher than SO, or NO

volumetric composition. There is no suitable or viable technology available in the art
to remove CO,. One approach to deal with CO; is the so-called Carbon Capture and
Storage (CCS) method which utilizes chemicals, for example monoethanolamine
(MEA), to capture the CO; and release it back for storage by heating. This method is
to underground store the CO; instead of letting it going into the atmosphere.

In general, the available technologies in the art for the abatement of SO,, NO,
and CO, gases in a large scale are involved with the use of chemicals and are
implemented via liquid phase reactions.

An electro-chemical process is proposed to produce sodium hydroxide for
removal of the pollutant gases {Sukheon An and Osami Nishida, JSME International
Journal, series B, vol 46, No1, 2003). Essentially, the process is using the
electrolyzed seawater to produce the chemical NaOH to perform the liquid phase
neutralization and thus to remove the gases SO, and CO,. The acid water produced
at the anode side is then used to oxidize the NOy into nitrate via liquid phase
chemical reactions. As discussed in this article, the entire process is working on the
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i quid phase reaction, NO is converted into sodiumnitrate in liquid
phase, and CO2 is converted into bicarbonates and carbonates in liquid
phase. This process has a discharge issue of nitrate and requires a nole
equi val ent weight of NaOH to carry out the liquid phase reaction in order
to renove each gramof CO2. This will inevitably involve an i nmense anount
of NaCOH or a Iarge anount of electricity to electrolytically produce the
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inlinmted applications of the dry plasma-based nethods and systems in a
| ar ge scab Pz reRBTUREFYVEthen t he abatenent of all the gases SO' NO, and CO2

s All the above methods are based on liquid phase reactions. Presently, there are
various methods and systems which use a dry plasma technigque to remove the gas
NOQ,. The common feature of these methods and systems is to use a reaction
chamber with high voltage to create the plasma. The generation of the plasma
normally requires a clean environment which is practically impossible to achieve in
coal or fuel combustion flue gas systems. In the dry plasma-based methods,
electron streams are generated by high voltage and high power to bombard the gas
molecule NO, so that NO, is broken into N, and O,, as discussed in US patent nos.
7240484, 7377101, 7198764, 7188469.

The drawbacks of using the dry plasma-based methods and systems are that a
clean environment is required and that high voltage and high energy are consumed.
Especially, the energy consumed for the removal of CO, will be very high. This
results in limited applications of the dry plasma-based methods and systems in a
large scale, especially when the abatement of all the gases SO,, NOyand CO, is
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3 necessary. As can be seen, the pollutants and greenhouse gases SO2, NON
and CO2 are all produced and m xed together in the flue gas, and all are
needed to be renoved before the flue gas is emtted. However, the above
processes and systens are either intended for renoving one of the
pol l utants and greenhouse gases, or are not a practical solution. If al
these gases are to be renoved together by the respective processes,
installation of three different treatnment plants will be necessary for the
renmoval of'®8¥53bhree gases. This inevitably results in high capital cost,
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fulfill ! BRcBSsis mehafor? BoFedifforchl FERNRNE phAR Wil i ﬁweeéaﬂfy@aatﬁgt of the

provi si on’ of stem simultaneously renoving the gas
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si gni fi cafth 'V"Yp POHESecononi cal and energy-efficient. A yet further object

of the inventmhee .s% He@dR60¥ hidtdhoR mm&tc&ﬁ%é édééﬁﬂié QFS|m§Ité‘Hébh§§|GOUS| y
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Femovi ng. B degmes e e CRBbt Rghefbceh Fedorale Bl ielt ™ Gt cing the

steps of: a) contacting the flue gas with a first |iquid nmedi um which
provides a first 4 plasnma containing reactive electrons or ions in an

anount such that the gas_
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
simultaneously removing the gas components from a flue gas, which is
environmentally friendly.

Another object of the invention is to provide a method and a system for
simultaneously removing the gas compenents from a flue gas which is significantly
more economical and energy-efficient.

A yet further object of the invention is to provide a method and a system for
simultaneously removing the gas components from a flue gas, which utilizes easily
obtainable raw materials in a relatively less amount, and the materials can be
recycled after the treatment of the flue gas.

These and other objects and advantages of the invention are satisfied by
providing a method for removing gas components SOy, NOy, and CO,from a flue
gas, comprising the steps of:

a) contacting the flue gas with a first liquid medium which provides a first
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nol ecul es SOX are subject to inpingenent of the electrons or ions in the
first plasma to enable the dissociation of the gas nolecules SOX so as to
renove SO2 fromthe flue gas; b) contacting the flue gas obtained from
step a) with a second liquid nmedium which provides a second plasm

contai ning reactive electrons or ions in an anmount such that the gas

nol ecul es CO2 are subject to inpingement of the electrons or ions in the

second pl asrra to enabl e the dissociatiqn of the rﬁas nol ec E% C2 so as to
remove COPPENCPHENNGEAGHE. SRR OF dATS I PAGPTA § ﬁ“é B©3Fned from
step b) winidleauldstS®darkisqbiiect towrdpingembntali thepentiode sr ians in thel figst plasma

containing.r Lve .. I r...0 t t gas
nol ecul esg?\fﬁgbj% L}hesﬂg%ogs@wﬁgﬁh dﬁg@an%%@e530?%%§ltgzéﬁ§%és§§ frPJ(;)nrt}Eel n the
second pl #isegas,o enabl e the dissociation of the gas nol ecules NOx so as to

renmove NO szgghlta&%fﬂhﬂ‘?lug%s dbﬁa.ﬁ@d:ﬁéﬁ«agtap afmp% $cohd li§lid Hhediltg met hod

may be repeat ne or times. Accord ? o the |nvent|on t he
first, sed®isd rAddeha secadqRENHeRNtANAG Feaghike e(?& ToRS QUARS AN ANPYtequal to

0][ clhose tsgcﬁtn@tfhergasmﬂéduve% G@{&ré%hbj@ﬁtt@%§h§éthelﬁtrﬂf(&')eelécﬂrdhe©rE:IﬂIbOdl ment
of the |nve t1on

res ter turat
car bonat ed h§lﬁeﬁﬂ%‘{ B@Smﬁﬁ% FSWIOESﬁﬁﬁa 5 "BﬂeF‘Hf'ﬁ gg%z sgtasg pH
rangi ng temnoveOCOpfrdm, theﬂmga;and mediumis fresh water or sea water
saturated w :
t her eof at a% Wﬁ%ﬂgﬁg&fﬁ%&%@%{lﬁfiom 3’5@ ‘%ﬁthf?& “ﬁ%%,”ﬂe%% ?fcesh wat er
or sea wapmvicestathisd elasmiatceniginingiesciive, ele@i@l“ﬁl@étoﬁ in pharwHekwsh dhatany

conbi nat i g §ACHRRIcURS r\ﬁ)xpé‘r‘er@@}b'cf‘% fnﬁf?r'i@e?a%rﬁ ‘éf ﬂh')e eI&‘}tHr!érdr%r%:ithém ution
may be used as the first ned ases here is a sudden

surge in FRngdasgpto&hable fB?]EI'SF?ﬁéatiS’H o the grs reeiﬁ?td?w aB? 8% KHIEMVen i s
control | efia, grofpingdiubigasy 2 to 4. Preferably, the plasma may be generated by
using an electrolysis process or by wusing tine varying el ectromagnetic

wave. One mMegsShHRs&y ‘;%%53 H0tcPe)PbfaB 8 Bnétod Rfay HEe Oggaie'kisfoﬁﬁné’)bir%@dréon _
reduction Eétentlal I')( of the medium If the noves to the negative

di rect i ontiBs. for exanple, -100nV to -500nV It indicates that the nedium

is reductive and contains excess el ectrons, su ﬁ’tﬁ' sting that the plasma 5
gener at es i nAcErdingdpuhe dmengen.t thp | fisstt éeccmd@rﬁ d liawigc fegig. have pH

value substantially equal to or close to their respective ionization constant (pKa).

In one embodiment of the invention, the first medium is fresh water saturated
with carbonates, sulphates, phosphates or any combination thereof at a pH ranging
from 9 to 11, the second medium is fresh water or sea water saturated with
carbonates, sulphates, phosphates or any combination thereof at a pH ranging from
9 to 11, and the third medium is fresh water or sea water saturated with carbonates,
sulphates, phosphates or any combination thereof at a pH ranging from 10 to 12.

Sulfuric acid solution may be used as the first medium in some cases where
there is a sudden surge in the gas SO, load, and the pH of the sulfuric acid solution
is controlled to range from 2 to 4.

Preferably, the plasma may be generated by using an electrolysis process or by
using time varying electromagnetic wave. One measure of forming a plasma in the
medium is an oxidation reduction potential (ORP) of the medium. If the ORP moves
to the negative direction by, for example, -100mV to -500mV, it indicates that the
medium is reductive and contains excess electrons, suggesting that the plasma
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The el ectrolysis process is carried out in an electrolytic cell containing
at |l east one anode and at | east one cathode by selectively controlling
production rates of negative and positive ions at the anode and the
cathode so as to renove the positive ions and | eave el ectrons in the

medi um The production rates of negative and positive ions may be

sel ectively controlled according to naterials surface conditions, current

densities _and ote tials of the anode the [0 thode For the purpose of
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conpri sing |5|n% afirst sta r enovi.n |nclud|ng a
first inletpglyzthylens (E’(ﬁ)é'ltﬁifgﬂ%t 5 prethen F?Qﬁ?l‘l'sdnﬁ@'tﬁ”!ﬁﬂ %&Haaiorgrwb'f:@&@" a first
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f th
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st age sucfredienicy rérgirfg fomm 0dkHz d@B00dgHzout fromthe first stage cont acts with
the filmof the second liquid nedium 6 and

To enhance the removal of the gas, it is advantageous that the plasma is
subject to time varying electromagnetic wave treatment before the impingement
takes place.

Another aspect of the invention is to provide a system for removing gas
components SOy, NOy, and CO, from a flue gas, comprising:
a tower comprising:

a first stage for removing SO,, including a first inlet for introducing a first
liquid medium which provides a first plasma containing reactive electrons or ions,
and means for spraying the first liquid medium down to form a film of the first
medium across a cross section of the first stage such that the flue gas passing
upward and through the first stage contacts with the film of the first liquid medium,

a second stage for removing CO, including a second inlet for introducing a
second liquid medium which provides a second plasma containing reactive electrons
or ions, and means for spraying the second liquid medium down to form a film of the
second medium across a cross section of the second stage such that the flue gas
coming out from the first stage contacts with the film of the second liquid medium,
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athird stage for renoving NOR, including a third inlet for introducing a
third Iiquid nediumwhich provides a third plasm containing reactive

el ectrons or ions, and neans for spraying the third Iiquid nediumdown to
forma filmof the third nediumacross a cross section of the third stage
such that the flue gas comng out fromthe second stage contacts with the
filmof the third liquid nmedium an el ectron generation system conpri sing:
a first electron generation unit for generating the first plasna in the
first Iiaﬂﬁd medi um a second el ectron generation unit for generating the
second pl asma i 8 tﬁlhﬁstageﬂb@?@lmb\inﬁgJNd)x,ﬁﬁdhdmg aahict inlet Foriidtroelueioy mathirgiener at i on

unit for ratln thi.rd Ias th Accordin
to the i n “ggi’f?%d?m‘f ﬂ%s ;5*?" ﬁégﬁté‘ r{]‘Lgf '%af: Jeaélé(ﬂmrsﬁgﬁgéggrp Sof spi raIg
nozzl es V\bnd: Imemstfeme;ﬁnawnglthe mtmmmd)mmunmowh tpHerm l3i #imf off edhird he medi um
In contagh grg&g chdis s%@ﬁoe (#f’}hé‘ﬂ% Oge%ﬂ%ﬂ%éﬁﬂé 7108 ghd 8oyt i on, a

spacer is prOVI second stages t o prevent t he
first st agemfth@ﬁecrqmmsﬁqgeeqontmtsomth the &l éﬂéﬁé@r@fqutqféed"s!@cond li qui d medi um

The first, sggepdirandehdthiich Sset EaApERRer ation units may be arranged
outside the tower or inside’t

pectlve ages_of the to en the
el ectron gener a®ifts e"’t‘ﬁﬁ""f‘sgeé&eéaq'ap r%’{JQBg??&rF‘ﬁf@ ﬁ\‘? first,plgyma uﬁﬁeplﬂgz\h isin
contact Wwiduid triediugas |rmed| ately after the plasma is created and no

external ~gener aéisg{f[gé-i[qlaeq e%%}‘gtwﬁ%mt & n%f’é?fhg’thé ?&oﬂ nt Oth%pace

required is ver _ t ere 1's no aadition rea e medi um
out si de t becondwauid niedidrerarsl y, an extraction fan i s nounted and/ or

streant i ne | Nt e iy SLHE dirdtdn JIRLOGEhdriHdRe BT piatms fewkithid . _second

and third stages, o r to reduce the Dackpressure of the stage.

Al so, in ¥hmediunhe st ages, drainage channels are provided on walls of
the stage for draining the medi umwhen hitting the walls. According to the
i nvention, tAecardisgdentreaipveraiopr eashdeithe speayingf meansois atyee e§eereen®bhp syst em

or constr Fa?ﬂo%e@ﬂhf&ﬂ‘?s“bér?é?i&lﬁibsih%rfbnﬂ_éli%ntcﬁrtﬁ@ i AREEF the QRediuAtient
herein refers to KS emin which the nmediumis recycledto receive the

re-treat nﬁ?ﬁtaCtTV'tﬁﬁBe ‘& @3%-cul at ed continuously. The term "open | oop systent

herein refers to a _ _ _
In another embodiment of the invention, a spacer is provided between the first

and second stages to prevent the first stage from infiltration or interference of the
second liguid medium.

The first, second and third electron generation units may be arranged outside
the tower or inside the respective stages of the tower. When the electron generation
units are arranged inside the tower, the plasma is in contact with the gas
immediately after the plasma is created and no external generation tank is required,
therefore, the energy and space required is very small and there is no additional
treatment of the medium outside the tower.

Preferably, an extraction fan is mounted and/or streamline interior structure is
devised inside each of the first, second and third stages of the tower to reduce the
backpressure of the stage. Also, in each of the stages, drainage channels are
provided 'on walls of the stage for draining the medium when hitting the walls.

According to the invention, the system may be provided in the form of a closed
loop system or constructed as an open loop system. The term “closed loop system”
herein refers to a system in which the medium is recycled to receive the re-treatment
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systemin which the mediumis discharged after contacting with the flue
gas. In contrast to the processes and systens available in the prior art,
the nethod and the systemof the invention are capable of renoving all the
three gases sinultaneously, which significantly reduces the capital cost
and requires very low energy. Mreover, the final products obtained from
the invention are environnentally friendly and would not affect the

ecol ogi cal system and there is_no need for disposal,  of final products.
The mos: - 28 SRIIGUAGH o eI d Par TR CoPST dHE, SIS PRI EIPE( @ modt um

is utilizgdemhon whith tir meditivi isnliseharigbe afiecessatiyg @itle tHe flueggasr i ons to
enabl e the dissociation of the gas conponents, while the nediumitself

ﬁ_ts as ag el edritRt toChE prddessd Indsdidtecavanabletift® prvrtart thetigthbgact i on.
IS avol ds

the consunptjon of . high energy .and hi gh | tage as done in the
Ay bt aard e SUSISE, & 4 fevanton ree BPRDE. o Bmorke AdmodTee G481 nvent i on
may be t esimedtahemisiyp Wakhesigfidantly réduceslitisd cagjial sbstf araimetjbieesdvery pdvas ma
met hod in I r NV, i i ucturally
i 1 or ent 2P Forot b SAR pslyci e o the HUBRoRFE ol
scr ubber sTrendly@nd stauistnad @ffeds thexeeologicat system, ang theighs ae npedfor biseosab provi de
a long travgla PRlletsM th fine mst nozzles to provide the maxi num contact
surface between the nmediumand the flue gas. Contrary to the conventi onal

scrubbers, t I e _J I ! QUL : t.he travel
path, and ;aﬂggﬁoggﬁ?%é@o?f tﬁ¥t %th&?ﬂ t?]negﬁ\n{nlﬂghlr'rig\lah?n“ g’ragréé&?rﬁéy
cr oss- sectiiligad ofor tthe produgtion ook diecthegpssar ietectron® qjaions et gnakig shehin film

of the megisydpiatiohns thEYaR dortddMBnidC WS thd ReditRdlitsdlt 88d dshen kldéfogas woul d
be drastically reduced ™ and the tower wo s short as less than 1

) uld be as
meter in FRETIgheNY PRE doBF Bet teke pad imHecierpsiane dhisAXpidist thg €ensyPticB Ghni cal
ef f ect s ohighhmergyvait high volthdd addohalin therdrebrigaiaahethots atdimbfeohlthsM ng
description o and structur f the ention. Wth reference

f the concept S .0 in
to the aceré?{p%'ﬁyheg W%‘?ﬂpﬁgéﬁe e RN g tqrqnpgsyvlegtp MR R on by way
of exanpl distinguighdfeam kHendry atasowa rethothén thewaent i on in any manner. Bri ef
Description of the Drawings 8 Fig. 1 is a schematic diagram show ng a
system for rEh®vbowgr bhehegagstemosh e miventiono® stndctiinalhe difiesert st rthet ed i n

o oo by e SRRl i B 8 collR ol o et ron

a column as high as possible to provide a long travel path, with fine mist nozzies to
provide the maximum contact surface between the medium and the flue gas.
Contrary to the conventional scrubbers, the tower of the invention is configured to
shorten the travel path, and takes advantage of a thin fiim of the medium across the
cross-section of the tower to react with the flue gas. With this thin film of the medium,
the contact time between the medium and the flue gas would be drastically reduced
and the tower would be as short as less than 1 meter in height.

The objects, characieristics, advantages and technical effects of the invention
will be further elaborated in the following description of the concepts and structures
of the invention with reference to the accompanying drawings. The drawings
illustrate the invention by way of examples without limitation to the invention in any
manner.

Brief Description of the Drawings




Fig. 2 is a schematic diagram showi ng a systemfor renoving the gas
conponents fromthe flue gas constructed in accordance with a second
enbodi mrent of the invention, wherein the electron generation units are
arranged inside the tower. Fig. 3 is a schematic di agram show ng an

el ectron generation unit utilizing electrolysis. Fig. 4 is a schematic
di agram showi ng an el ectron generation uni t utiIizing time varying

el ectromagnet.c i/a.ve. %‘f" }ed Descri |on @ l.oventi on T e faoll ow ng
description Fﬁ’%s nfs?pt @la[%od'%'@dﬁ Pe . a'ﬁ’(ﬁ "hé o FEBRYIh 'S 9380t to be
t aken i n @ohmponénts fromeths dudgas censtrudiedrin aecoyddrae withea ﬁnst gobedimenigdscri bi ng

the genergll%ﬂ(ier“ﬁ:inp\!mﬁérem h%@?ﬁclr&@@ﬁ%ﬂ? LBI'P[% a?&QR&n 8é‘thlel~‘i?vfzé’r” her

under st 00 is I nv t| on ustrated and
described in pre erred nmbodi nvent in many
di fferent corln:'D ér '3t 7 orrdremay ‘iencg gr?'g‘r ﬁ'&o‘%ﬂgl a rﬂ?i?m a(?r rV?V' uenog%gst ood
that alt h@ugﬂpohéﬂs fremitse flie gas cczmtromteld int dvicodiante withma petandasebbdirentei n to

descri be %?@J'ngen %ﬁ%tréi? ﬁrgee; @Fb@%&eﬁi@ﬁﬂ‘l t§§read?|‘yn§éd ﬁﬁ%f&%itﬁé"gawefzhey

shoul d not ese erns ar y use

2 tiret el Qni?ﬁ‘f,ﬁ%%%%‘ﬁ@ﬁﬁc B0t oL dhr ol st & SRR 4 po ™

termed a skcoolysiel enent, conponent, feature or section w thout departing
fromthe teachings of the present invention. It has been already known
that in the @ﬁg\waataiscnahammag@aemowmagqam glepinars genaratioet urdtrutitizieg tmer i ed out
to renove the 3545 nts fromthe flue gas, but the reactants to be
used as w&FP! eecﬁ@ ﬁ%\e'gv %nd waste water di sposal issues follow the
removal of the gas corrponents To avoid these issues, the dry plasma 9
processes are used, which however requires high energy and high voltage to
bonbard the gas mol ecul es. The method of the invention utilizes a l'i quid
medi um t o Detailed escuntionof thednygnlioBns necessary for subjecting the gas

nol ecul es to inpingenent or bonbarding of the electrons or ions in the gas
phase as in (The fdilowing Hesnniptipy presesteprefoued embodimants. dis descriptien isr e

broduced g i fakéinh FRhY ToAle bitd Hatid Fhefely MY RO BURsB Y dbiiBing Vel ¥ | ow
vol t age
the general principles of the invention, the scope of which is further understood by

the appended claims.

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

It is understood that although the terms first, second, third etc. may be used
herein to describe various elements, components, features and/or sections, they
should not be limited by these terms. These terms are only used to distinguish one
element, component, feature or section from another. Thus, a first element,
component, feature or section discussed below could be termed a second element,
component, feature or section without departing from the teachings of the present

invention.

It has been already known that in the conventional processes, liquid phase
reaction are carried out to remove the gas components from the flue gas, but the
reactants to be used as well as the products and waste water disposal issues follow
the removal of the gas components. To avoid these issues, the dry plasma
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According to the invention, the electrons or ions can be produced in the
liquid mediumby using electrolysis of the liquid nedium In the
conventional electrolysis process, the positive and negative ions are

bal anced in the electrolyte and there is no excess electron stream
produced. In order to produce the excess electrons or ions, the selective
controlling of the production rates of the positive ions or the negative

ions at the cathodes or the anodes is needed b for_e l e,,.controlling
t he mat er PEICESSeSy RSP IHUFH iNOWEVer: [RAVERS Méf‘?&?y ?ﬂ(f{gﬁl ﬁq[@g%gc’t he

el ect r odegombaRithe gheinoldralesothd methadari thesinedntian utilizes arizual reediemdoed from
t he cat hode

with the resu t el Q. di LS. | | excess of
el ect ronsPrdﬂuﬁ%atéﬁ?’téor}sor‘)?d'@}'gr h?%lsﬁégt #’er gg?égce:s é*%ncé%onrﬁ&%%m%%( ihtgat ion
reduct i oninppingathéntlor CORBardifg oftbe elagtriods peiwha it the gas phgse aglintherdyyte. |f

the ORP {TPPégﬁat obdiRed SR ke @Ie@fr&%f&ri tBHs ahd plgggéé‘cﬁfnetﬁetliaﬁiﬁ ré@umedtect rol yte

Is reductive and contains excess el ectrons. h an electrolyte is now an
el ect r ons relativelydew gnargy andselatiebyloyoftR@e-met hod of the invention. Anot her
approach to produce the electrons or ions in the liquid nmediumis to use
time varyi ngAetedingdodhmisventionaths elegtransrariend ¢angbe pedpeedyindhediadd the tine
varying td ithdliduid niRiiRR ! IRAhE 3BSRNtERE fdBFoRtist he
liquid ne |e§mgg%g@§ _ésE itr}&;{@é% C%M(; tﬁé‘;ulne atli ve di BechorL WI”?i cho?s!sdesi rabl e
to be use8qcass.ike pesiiusianst nagaive jans e PalRNcethindpe Sircig¥teANd LPi%y St i ne
V?ryi ngl ehs@x&@é@élh l@@zfdrp%tv&we pfcﬁ:lubf@tln duwa:siprrednlﬁle thé @stoedsselectehns e by _
el ectrol yzing, the |igqui Lu or _exapple, ¢ .gas. whe awater is
used as t IS F'&uﬁﬂeﬂﬁaii?ﬂ&g@%r%é“%m#%g‘?%a?tewﬁ% ﬁggweqho}p@ %etgigum with
excess of negativerionssatabe cathbdes\bt thet drodes$ isengpmied byofor akamplg, condroljing

mol ecul es it LORigaged,chy the

hi ghl y reglgﬁﬂeteewéifp@f'}%g%p?%g%,%a@ﬁﬁﬁﬁgﬂéﬁ}eﬁ?é‘% %(fam;eheeg%@al ‘bonds of the
gas nol ecthatthespasitivatignscauch @s\H eng arerremamer Bomitbecathade, ovithdpaiesulthe

di ssoci at kR liguREmERS MR GHHINASchbY & McHihs. AmBHEI for detdimlig et s,
electrons, 1ons, free radicals eneéég anfl |glée I%kg. CIl tgﬁ@as bee,[rtl1 f ound
that an i FEESASEFIraRDSAxIdatien mdyghion patenial (ORE) of the ligui WAt 6o, c and
N2 is det gptgeyRndf nRARRIMovek0tdhhe riggativegairectioni St sididdterr thad thhe case of
the dry plas whi ch requires h__ higher e ' Lgul.d medi um
o used | BREPavEcR e AR PR b aRE P pRRERoRe oW, T2

met hod of elebonseeendr amad, cantbei used iirkthieymethed ot the invegliend phase reacti on

bet ween the gas conponents in the flue gas and the |iquid nmedium and the
gas Another approach to produce the electrons or ions in the liquid medium is to use

time varying electromagnetic wave. By controlling the frequency of the time varying
electromagnetic wave within a selected range, the ORP of the liquid medium can be
shifted to the negative direction, which is desirable to be used in the method of the
invention. An advantage of using time varying electromagnetic wave is that
undesirable products induced by electrolyzing the liquid medium, for example
chlorine gas wheh seawater is used as the liquid medium, can be eliminated.

When the liquid medium with excess of electrons contacts with the flue gas
containing the gas molecules SO,, NOy and CO,, the gas molecules would be
impinged by the highly reactive electron streams, and therefore, the chemical bonds
of the gas molecules are subject to vibrations and excitation to permit the
dissociation of the gas molecules into atoms, elements, sub-elements, electrons,
ions, free radicals, energy and the like. it has been found that an increased amount
of oxygen as well as a trace amount of CO, C and N; is detected and measured.
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phase reaction between the gas conponents in the flue gas and the el ectrons
carried by the liquid nediumtake place sinultaneously. Hence, neasures
need to be taken to prevent the |iquid phase reaction in order to ensure
the gas phase reaction to proceed. It has been surprisingly found that if
the liquid nediumis a buffer solution, any acid produced by the SO, NO
or C2 with the liquid nmedium w Il be neutralized by the buffer in the

solution. As such the rate_for e gas to enter the,splution wl
sl owed doRAISHPNGEMEDF fSesimilar Foe';"@t‘i" °fatﬁ8 Y RSO 'Cga@f“é'Fesf @PCht he gases

to go forhigher grsgyphase reaction in which the gas nol ecul es are subject to
the i npi ngenent of the electrons, so that the gas nol ecul es are broken up

to their regpRelhdfuid ﬁ.@amhﬁh u@,édwproeiderm@palsmm;romnu@thbmdmﬁéer. ng
conpounds are

cont i nuou consunmed n sary .t o const ant |y
r epl eni sho% [ABsdDN do¢ r"a?ih%fﬁﬁl\;ﬁ*gﬁ InygntiagT, t'to'snlﬂ(ﬁlé( ﬁ‘ﬁgﬁlﬁ (illf'\ PORRE IFAT'Pdn of the
el ect r onspetveen tthe gas eamponerititn tretﬂluedgasmnd! tee liquick nteidum gt thendes go in a

cl d | t I db
i thor ol BRorrer Brttefinnt iy, beitaghel M e GR03hAThe Jecdoha) e BY
mei ntai n careedbgdie tauid opmgium twmqmsmﬁmwlwsHmn@@ﬁwgsaeﬁdrt@ gas
phase reagti, fohﬁreg 841':4 Brﬂpa%ktz‘eﬁétldnnﬁn' é#@élnﬁb Eh&uré%@@@&' jaky |

al kalinity o@&th nfg Hlumremaln unc uf fering

sol ution [E@CE%FHPWC?% 'bDW OEER SURTSIREM f°é§§‘ t'%lt i the; 'fﬁb‘lﬁr f”&ﬁf"”} Faf the
buffer Sob&ﬁér%lﬁﬁﬁtar@&ampfo@h@& uy\w sobauo,pmdcob Qith tthetiquithenddium zat i on

const ant Ka of 't ti to,or ) whi ch
neans tha‘f"ﬁttﬁe"eé’érla[kngw the é)u ?Jrépétf Utéﬁn ﬁ??u\%ﬁlﬁ] nﬁ#ﬁoth{i% |Sr¥é%h{£)éﬁdl tion.
Ther e ar ethaasajutian wiibbes slbwéd down bpitiee buffening orectios, cadadishechames iegsiedforredi um

These b”‘;{n% egaiglé i Véﬂfﬁ?tf@/’as%‘ﬂa&é Fegach&?'fn‘%rﬁﬁ?{hleléag |é%%l?@ sPEk&Qs thereof.

For exa contalns a m xture
of many tjhef[fr\@mﬁtnebmfﬂbﬁ§|€iotrcn%|(ﬁ0riba’fct§ﬁtﬂ@ﬁa‘ﬁ@ec%fiﬂ fﬁﬁd?cr@'sen WhistiBAt es and

the like. LBEh¥PEIERENLaI %ﬁj'éﬁ'bcié{'é}heﬁﬂlf f&hssﬂsumleoﬂéffénﬁ@'mdwas e limted
to acetate,  2-am no-2-net ganedl ol gﬁ\hgﬁ mF é propanol ,
am no- | - pPRAHRLSY FeIRURese itdF "%‘Fﬁ?ﬁgryé copstaptit @pleﬂ ?gfe & @PR Y Bis-tris
g_r Opﬁne | sd abed mtaee upmdy L:aﬂm;.m|:mantmcame}1 dectronr Bdrethislreasosit Biemaethod
i et hano ol ate o t
N- et hyl rm%g'h&m"r‘?g %WE@PS?EQE "bﬁ&éoﬁﬁg‘t?&pysy%}e%ﬁ’ne | grh%d@%%%gg&%
gl ycyl gl yconstantiglrgcherged by |ejihgr Bleetrolysihios tlimii maryinbyalecitontagnetis wadazol e,
mal eate, g ELCARQRIARS clectBh REpATIWIRen e BykRK] i Thdédsing.a srglgat e,
phase reaction, the chemical properties including pH, conductivity, alkalinity of the
liquid medium remain unchanged.

For the buffering solution to sustain the buffering properties, it is important that
the buffer solution must be operated under the condition that the ionization constant
pKa of the solution is equal to or close to its pH value, which means that the solution
is operating at its maximum buffering condition.

There are many aqueous buffer ionic solutions used as the liquid medium.
These buffer solutions may be used individually or any combination thereof. For
example, seawater may be used as a medium, and it contains a mixture of many
different buffers including carbonate, sulphates, phosphates and the like. The typical
individual  buffer solutions include but not limited to  acetate,
2-amino-2-methyi-1,3-propanediol, 2-amino-2-methyl-1-propanol,
amino-1-propanesulfonic acid, ammonia, arsenate, barbital, bicine, Bis-tris propane,
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phosphat e, phthal ate, piperazine, PIPES, POPSO, pyrophosphate, succinate,
sulfate, sulfite, L-tartaric acid, tricine, triethanolamne, triethylam ne.
The buffering solutions may al so be grouped as inorganic acids, carboxylic
aci ds, al cohols, oximes hydroxam c acids, peroxides, protonated species,
sulfinic & sulfonic acids, protonated nitrogen, am nes, am des, am des and
carbamates, imdes, sulfonam de, guannidinium hydrazones, protonated

het er ocycl es, hdroxani ¢ acid & am di nes, heterocycles
ani des, kBerglfescacapylpte; searbonata cfiliatgy drra¥steiae, digt QW@@'”%UH'QQQ&G@MS

sul foni ung, SrSIdihEthHVlgdﬂérat%, ﬁaﬂhbﬁmam &N%!Hﬂnflmﬁ_ﬁmoilneet bterol sBpreEptiate,

anmmoni um osphpni u osponat es osphi Ne _oxi d

" nes. <aBE! Arone Lmfias anBhtRe. PVEDrESsRE, Rttt SABRIR " soc
co2 and Nithiciazold) emaleaic| 12rbﬁcapmq:teamoigmeﬁafdamioemsﬂn‘athwwﬂ&h@s@Xalﬁt%e gases.
By sel ect Eﬁgﬁﬁateh%}{tﬁe%t %ﬁ e%’ PisEdIepditd | 8 mggﬁh&pﬂa@ tdeeingle, L NE

liquid nme nper dt ure bet t he |qU|d medi um and
the flue gdfate, tSH@tegé\sta'éﬁmﬁmbM@WW\H@@”OE@"%A{'@BW?@Wect i vel y. According

to the method of the invention, the gas conponents SOx, CO2 and NOx nay be
removed in offibe fraffsririghsaiutiinst inagelsti bé areynedsas gwsgaric acitaearboxEe er r | ng

now to thgcn?g aa\f\er@ggi oms h dr‘okéd‘lﬁtefcﬂfse?er%xi%l¥§tp?r8?oﬁ%§ts¥38&5§%uﬁiﬂlbg&St ent

with a firs resent i nvention hi s enbodi ment, the
system i sSlIHE)@'CaGC@%V\EEOtOW @Hfoéﬁéctamﬂ?ﬁsgeﬁﬁ@ ot FNidey sAnCeBRPASS ng a
first el eplig@) ORMEAAHILEN HOARNdiRLM, at%aﬁﬁams el gefohaad g eetgratyoiss, uni t 220

and a third electro t l.ect
Sre art anBURTEATIS TR TR S5 OGO (PSR RS T fsugn

loit pel i ﬁghetéﬁa—a’omaﬂcs ,Buffitlgs, slifoxides, sulfveium sulﬂmrdes@saiﬁbxtrmesnsm!imies a first
st age cat - th
T10%and ooPRE GoEr e Pt PhosDuSaaR Rk 5 AR Rinp [iced °1 5 29°

ent er s t hphdsiphie oxtdegadmired. via a first inlet 112 | ocated at the bottom of

the reactor 10 and passes upward and through the second stage 120 and the
third stage $B@e the fad das\oatalls ayaitoebf e gh8Zompondrds 50, ©O; amkNOawer . The

el ectron ner , '

Steans 155 18" clipbing” ey nefilion tipel s ioakes DB el Sl 10T,

st age 110¢or1t!t¢élnaltk%1an@!L@r tl‘e&:iocjicd?rﬂml%ﬁw%@ﬂH'ﬂulﬁg’nﬁtﬂi@“eﬂ%w cotactt rons may
be use t OypiRVMER Bdifed] BETIHAE MM bifhe ARG XATBRE cothpdritatsabbad | ne

be abated respectively.

According to the method of the invention, the gas components SOx, CO, and
NO, may be removed in one pass through three different stages of a tower. Referring
now to the drawings, Fig. 1 illustrates a system constructed consistent with a first
embodiment of the present invention. In this embodiment, the system is has a
tower, and an electron generation system comprising a first electron generation unit
210, a second electron generation unit 220 and a third electron generation unit 230.
These electron generation units are arranged outside the tower and connected with
the tower through pipelines.

As shown in Fig. 1, the tower is configured to include a first stage 110 located at
its bottom, a second stage 120 above the first stage 110 and a third stage 130 above
the second stage 120 . A flue gas 10 enters the first stage 110 via a first inlet 112
located at the bottom of the reactor 10 and passes upward and through the second
stage 120 and the third stage 130 to exit via an gas outlet 132 on the top of the tower.

The electron generation units 210, 220, and 230 provide respective electron steams
12



mediumis freshwater saturated with MpCO3 at the pHof 9 to 11. It is
critical that the pH value of the MJCO3 solution is maintained at the
range of 9 to 11, which is equal to the pKa value of MJCOB in water. This
ensures that the MpCO3 solution is operating at its maxi mum buffering
condition. Under the maxi mum buffering condition, the liquid phase
reacti on between the SO2 in the flue gas and the MgJCO3 sol ution woul d be
suppressed because the SC2 first need react with water to give SO42+
and H+, tHE! Wthf%e‘ﬂ&%rﬁ"trﬁé%ﬂé’tsa1ﬁ bﬁ)ﬂ}fﬁ e buffer solution to conplete the
liquid phase reaction. If the MJCO3 sol uti on does not have the excess

el ectrons, siitihe firsti Hegal 1ﬂ)ﬂla§”@ plkaling 8n agidiq Medien HEYIRY tRoBHESEhe 1i quid

pP?S et reaHgFebchﬁhsorh B8 §sé fo prévie tH@&&t@hQ\éﬁﬁidﬂ@V\Ondéﬁampleto!fﬂmelmﬂféllﬁé ing )
effec weyver ol uti.on. .ha ess_of. e ons, these
el ectrons mﬁéimna'scf@ﬁg\@?t&f ﬁ?ti‘l\(%?%i‘@%ﬁ‘ “A&E&Od abﬂﬁé" a{beg’cﬁ gﬁs ¢giceld % th S.
As such, 'pHeraQ.esaf HPMg OO, dolutidteistrintamed at thegahge ofP tpol 1f mhlchtmeq@s phase

react] on.  thel BRa APPSR b THE FRRNHEC ULRIRIR SURBRTE o the

i npi ngene CtIVe el ectTORS 10 I'nt 0 oxygen gas
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by any |i go,Y dphasetheadas . néN(rallzthIyrtﬁé buaffdri solutiph @ esrsple® thetmiided in the

i nvention nd no addi tjon ul f S duced | h tion
More i npoPfag% Egctiqny g t #‘ é&%@ﬁeﬁ’% Ar? ﬁ/é%a‘fesﬁ'eseé(%%ﬁ glgk%gfs?s (%I %roperty
of sel ect ligped plmawabctmh wiOake place dhbegh tgaﬁew'd pBasecreaction proRBsipYasy t o t he

positive FH ﬁﬁ%ﬁﬂ\o\%ﬂ & ljaqm?gﬁffé ﬁ{gr%f% Ho%g%/rg n?lg.i, P@b@g s'oﬁJtloﬁ eturned

back into rst’ el ectron generati on unit . enerated to
regain thes ﬁé@@ﬁ??\ﬁeOfG@Cfrqnﬁ these elagtpes a’PP@nC%'FRﬁﬁ%%th the dayd RPaseie r emai ns

to be m)rF‘ea‘%ﬁonﬂo@é%t%ﬂ%ﬁ@”i\s%éH‘tH’é‘QHSW\MLH@HR@W%GFG&“@W@fb'fty and
other water paraneters_  also remain to be ﬁﬁég}@%ﬁ const This is

al so an i H@igasbase E?aacHQﬂN'i @&Pha?%%ﬁfé Wy ey I?Ctd%s phase

reaction. th'éhmpiirtyémeat of)fhetHn@htgaedme el%:cfsﬁmstot cargettantbhexygempas ahd on of t he
liquid madll um rh?? ne fases, certain strong ionic elenents should be
avoi ded i fi°IE %8&' F6H.°> 13 Otherwise the liquid phase reaction nmay

bRty R R BTG B S
reaction takes place to remove the gas SO,. After the removal of the gas SO,, the
ORP of the medium will move back to the positive direction. However, the pH
remains constant as no H" is produced by any liquid phase reaction. No
neutralization process is required in the invention and no additional sulfate is
produced in the MgCO; solution. More importantly, the freshwater with MgCO; is
selected for its property of selective removal of SO, over other gases. Since the
ORP moves to the positive direction after the SO, removal, the MgCO; solution is
returned back into the first electron generation unit 210 to be regenerated to regain
the negative ORP. In the regeneration process, the pH value remains to be more or
less constant with minimum fluctuations. Conductivity and other water parameters
also remain to be more or less constant. This is also an indicator to show the SO,
removal is undergoing a full gas phase reaction.

The removal of the gas SO, is sensitive to the composition of the liquid medium.
In some cases, certain strong ionic elements should be avoided in the solution.
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first stage 110 and the second stage 120 to avoid the infiltration or
interference of NaC contained in seawater or other strong ionic solutions
fromthe second stage 120. There are other aqueous buffer ionic solutions
whi ch may be used as the first Iliquid nmedium For exanple, seawater, which
contains a mxture of many different buffers including carbonate,

sul phat es, phosphates, may be used as the first quuid medi um as | ong as

the solution i s operatin t he pH cl os to the f the
sol uti on. HEerW!SEd'F%L gﬁferea\ﬁﬁ‘fﬂ'ﬁm?ﬁéwﬁ%k@ép? qg° %ﬁﬁ?ﬁ fqagﬁuoq’s nﬁgﬁlér)lt ai ned,
it beconmgui®fasidiim Earnot be regenetated richereforet hepgm ippragided batwseoriBe i nst ead

of the Ii b d
" the 11 78t SigpB 20 Bof RERL g Sod 1AL Ko thel BRI bCnEREIAER BEY, ¢ LSS
sol uti on NaCt bentaredin Seavmter. orlstherystiang lom|selu@omﬁeﬁpmnthfé§eamﬂaﬁﬁa@eous

especi al | yophen there is a sudden surge in SO2 gas |oad beyond the nornal
anticipated anount. If the al kaline based buffer solution is used, the

excessi ve | 03 0l S0k Tt BLEA AP R Lok ytidtems BBl dkeBasahefis ons i s

i nsufficient appens ent into the solution and
cause t heliquidifrfesiuns Ffartexampleo seawaing vmqrumf\talmﬁeﬁé@xn% ekmapy difgfanér i ng

capabi | I t uedGR1dHg ca?wrfa% 's‘ﬁlp"?‘tﬁtéi Bhﬁsfpﬁété%ﬁﬁ 'b@mslaé 2d 388 first I’@Jl@Uf fer
solution can maintaln 1ts buf er|n %B BCXV\ﬁ Lﬂ?i%hlr' f t he SO2
| oad is efediys) @& longrasdhe palationis Qe @EP%Q B PBCIOSe{R Of &Y si on of

t he mat er ipal sdi@fonmmlsi dlgcdsb@d towes, Wiert i biffedihg edoaditionris nmmteunadl ibn uni t
210 needs to be taken h e of th The

el ect ronsb%lqoé"egse??éfeéfcg&h‘? ﬁb EPe cfetr%q thglgé’gtpﬁg% %35@2%"?%%&%%?6?%% by either
el ectr ol yphasg rebetiohhCO3 sol uti on or applying tine varying el ectromagnetic

wave to the MgCO3 solution. Fig. 3 illustrates a schematic diagram of the
el ectron genﬂné«’hhm‘ely, une taciti¢ Imetiiurg rﬁh;ecbter odeys irs theAfirst |dtaget 1H).e@ne t he

el ectron enerat Jse ol .\ cal 1 node 320
and a cat )gﬂgplgg gnﬁ'b'éalstu %&Sﬁgnsétéh%@_l oefaértto %r gﬁsh?r}hé

anode 320acidig nhmilummeadybniageoms eﬂpeslahy Wb@hmrmblaesudﬂﬁﬂ evigglin SOg gas as
metals, Mebdled ﬁﬁ@&@he&@g@%ﬁt@a@ ShGaHY. kiR alkBlrd!da3kd @b dARions and

ni obi um ma netal materjals or graphlte

typi cal | yusacsRleg exeesaiue loag ofk@&P- maat%%?"sﬁhééwerc@ﬂﬁe?”p%f’a‘F'e?HG“aé and the
l'ike. Themséﬂﬂ@i@ﬁt and it hr @béﬁ@'&hé\@zwpaﬁﬁt R e sRoMYreaRl caussithe menbr ane

g;, Bg%/f,b(r:gtla‘{gr Bar L %%e aci |c F\grtl)éey Iosgs ?ts%#f%'rlr?\c? lcarsaa ﬁy a\Whgﬂ thé realized
: sulfuric acid buffer solution is used, the buffer solution can maintain its buffering

capability well enough even if the SO, load is excessive. Of course, consideration of

the issue of corrosion of the material for making the tower or the first electron

generation unit 210 needs to be taken, in the case of the use of the acidic medium.

The electrons are generated in the first electron generation unit 210 by either
electrolyzing the MgCO; solution or applying time varying electromagnetic wave to
the MgCO; solution. Fig. 3 illustrates a schematic diagram of the electron generation
unit utilizing electrolysis. As illustrated, the electron generation unit comprises an
electrolytic cell 310, an anode 320 and a cathode 330 which are positioned in a
spaced-apart relation. The anode 320 may be made of inert or semi-consumable
materials, such as metals, metal oxides, graphite, silicon iron, platinized titanium and
niobium materials. The cathode may be made of metal materials or graphite,
typically nickel, steel, nickel plated steel, copper, metal oxide and the like. The
anode and the cathode are separated by membrane, ionic membrane or physical
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pol yethylene (PE) filter clothes. Use of the physical separation can

physically sl ow down novenent of the ions in the electrolytic cell, which
is sufficient to produce the desirable effect. Wth this nmechanical PP or
PE filter separator, the issues induced by the use of a nenbrane between

the electrodes are elimnated. In the electrolytic cell, the electrolyte
wi Il become very acidic at the anode side and becone alkaline at the
cathode side in the electrol pr o

S. .| di d_ al kal i
i T one AFRETAaRe PR RPN o Yo ReP ARG IR SR P (TRCSe acid
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as the "ggmé %dtgggﬁn%gra%@tﬂeﬁﬁéeﬁtﬂeteﬂ:%troé’ése&{ere%ﬁfﬁte% I oy tio NO
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the sucti 8 ion o el |veréﬁp|pe in ectrol ytic
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el ectron is

| .
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rection.

oxi dationre I'on pot ent’i 'S nove he neqatlve volt 15
move the water |n upward d| ift provision may

be provided in the electrolytic cell 310 to lift the hydrogen off the surface of cathode.

prope!ler stlrrer or strong alr

The hydrogen gas is sensitive to the water head and to the suction position of
the electrolyte delivery pipe in the electrolytic cell. The elecfrolytic cell is therefore
designed to draw the electrolyte for spraying at such a position that the hydrogen
gas liberation at the electrode surface is promoted. Typically the electrolyte pipe
suctions are arranged at a position close to the cathode.

The material of the electrolytic cell is also critical. The material is selected such
that no electron is drained off. The material is preferably a nonmetallic material. If a
metallic material is required to meet the structure strength requirement, the
electrolytic cell must be lined or coated with a non conductive material such as
epoxy, fiber glass, PVC or rubber.

When the oxidation reduction potential (ORP) is moved in the negative volt
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direction by -100 to -500 nmV, it indicates that the excess electrons or

| mbal ance of electrons are presented in the electrolyte, so the

el ectrolyte carries the necessary reductive electrons to performthe gas
phase reaction. Since hydrogen gas is produced, the safety issue should be
considered. For this reason, a conpressed air lift venturi 340 is nounted
on the top of the electrolytic cell to reane quickly the hydrogen from
the electrolytic cell 310. At e sane tine, s _introduced
nto the drasion By 10 ocBR mikd' SR TIAIG prcesh REERILE ORaBT® Phe

hydrogen sectishsite présepieeeiadhé b&chu@feogenh@elecammadarm thafretgsdanmi t of 4%
vol unetric concentrati

a schematic diagram of the
el ectron 'ﬁgH‘éth&ﬁ’%PﬁfoﬂﬁF‘{ p"ﬂ'ﬁ"% tQ? ﬁ@ ?%e%%?’{h ng el ect romagngt ic wave. As
illustrated, the electron generation uni hstﬁ(i a tanlé 3? 0Famd t wo
spaced el ect Plhge NyATgRR Has 49 §rodys st[]%ﬁée@éﬁsi‘ shoyld bRROR8 98T 5
SFI uti on. thidreasdre @tdofiprérese aRlift oentun 30 Bsmb&r&ed onihertbs e"sthalelectrolytlc )
el ectromagneti c_wave ti en t he
fuo el eotOBESRRTR RHEDY Prghoiihsh ey He SRARRE A 210 %S EmITEE) | e
el ect r onafjesit aic36@is intpeneedintodhe ewcttomm)ce"ﬂ?@ te certral Wé@nt@t%%
generati Ofﬁeorgﬂi %fef’flsgaegé‘%og o/ @%de%ﬁythé’fhyfiﬁiﬂjgﬁ%oﬂ&eﬁtfaﬁ&\‘%ﬁfé}y lipicEaoml | fall

into the sc sira requencr es hi s enbodi nent, the desirable

f r equenci edupleicicaneaidratiotinge of 0.5kHz to 500kHz with a tine varying range

in the order frommcro seconds to seconds, preferably in the range of

0.5kHz to 1kFig, 4ptustiatasl astiyernatict diagranr efethe sfleasiongenetitipp Uni MIENY The

el ectrodey r?s@t\fd?y e‘i@&mn@ﬂeﬁé %a%sﬂgslﬁ&%tl‘a%‘géhﬁe NIEHors gkt it 2 spaced
a

apart relation | ow n 0 subject the é

el ect r onmgprBRNises ajale 48 »t%WeﬁP?ce‘AGl\‘?&ﬁ? ayeanas 42{%«23 ISE!E'P?@SQ ™nt ennas

420, 430 %W@Q@Q%ue@tﬁb’iééluﬁdtp t'I'h'&af'@éctlidmege:ﬁr@tlcﬁnpfmilfitfurlll’ngr ebinprigdsean

frequenmes t 0 achi eve t cov g ?I}geAgg’{l ﬁlﬁ: Weform

may be |ne§ﬁt{%{P%gr§ﬁ§9é"’a"§|9?é‘eﬁé'\98 CALAW EOCCS’PH ¢ d %I angu%ar Wwave or the

| i ke. Theelettesder aotermat eAR®S 460y dnd aadﬂé: ofoveer maowce atouplasl ethedhe r om

nmet al s sugh 0 as
%még’%%gﬁvaq/ elHQH Hmca% 2..% ' THe! QQ&F%néér%tgﬁé V\%i\?g %%ﬁen%‘ﬂ@rﬁ‘

|r|d|umo‘53<I enu xture t Ite or other
conduct i veard'et‘kﬂ bas nhearmapé raﬁgesma‘ f@%@n%d@@cw Bl 'Nﬁarth%oﬁcala%&if ding to

the actugleifBR ﬁéé@énbfé@ e eRFRBfent 2ihE BBuirabR irduenlies Siréiip thdars, disc
and ot her geonetrr cal Wth the dlfferent e ect r.od sha%{ the

vol tage r&gRrdd0-PEHzte \15@0’%{'%@’*@ adimeyayng ranggenVaPi ¥ae in the
M ni MUM Cy&doRBt 6 eattindedprefersisty frotha tahge of 0.5kHz to 1kHz, pamcularly in the

order of bkHz, 10kHz, 20kHz.

The electrode antennas 420, 430 are disposed in the MgCO; solution in a
spaced apart relation, allowing to subject the MgCO; solution to the electromagnetic
wave extensively. Advantageously, the electrode antennas 420, 430 are spaced
apart such that they are operating with the frequencies to achieve the best coverage.
The electromagnetic wave form may be in square wave, sine wave, saw tooth wave,
triangular wave or the like. The electrode antennas may be made of a material
selected from metals such as magnesium, barium, steel, copper, metal oxides such
as iridium oxides, ruthenium oxides or a mixture thereof, graphite or other
conductive metals. The shape of the electrodes may be varied according to the
actual installation requirements, and may be in rod, strip, bars, disc and other
geometrical shapes. With the different electrode shape, the voltage required to drive
the electrodes will be varied to maintain the minimum current required to perform the
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16 el ectron generation in the electrolyte. Wien the ORP of the MyCO3
solution is shifted to the negative direction by 100nV to 500nV, it

i ndicates that the MJCOB sol ution carries excess electrons and is suitable
for the gas phase reaction in the wet plasma condition. Such MyCO3
solution is punped into the top of the first stage 110 and sprayed
downward. The MCOB soI ution I's sprayed through a type of screen of spiral
nozzl es (not shown in The arrangenent of proper. size of the

spi ral nogierck’n aﬁ@?rﬁﬁ'%bﬁﬁh%?li%tr@ftethe first stage would lead to a correct
nozzl e pressure, under which a thin filmof the MCGO3 solution is forned
across the cMéen bec®RBrefdhe MaC Q4 salution: igbifteddo the megetiyg ditestion PYmis very
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bl ocks t heoloti®s R puEdsdd iatd 1BE tb;blef fher firbt Sthgge10 and |3p|ta|yedl dowewéidughgas ri sing

df ] f
contact vl QraclRph M eyaq Brodehe VpEieb9Eatt B el AEEES BB EBIRACI 8c1 ¢ ons
carried i Fig Hp TWgGERngemeni arproper sizei of theagpiral hezzigssargxoper sizagfjtbet to the
| i NgeMMe s QfagkRfouid Rl (81 ol Rt PALSAL tnadr whigh WHRY fibogtdng hat 1 he
conventi ona ru

ers are designe fine mst nozzles and to be

| ong ver t MafiQasalutioprigi&armed a5rassitir cioas SAeiaNCfha fst sigae 408 AHPUIRaxi mum

contact t yqEeriRes %ﬁﬁthtnhﬂ .é hammgﬁvt&o wtdémer&dmmlm@cuaWﬁnwhé ®ué lyas
conventi onal scrubber ?&é %‘e r of th |nven vo ids th etpuse of fine
in s

m st noz2P@helReteens tﬂu psPhase ab%ﬁ rg? 'OF(H.? %EE8R t he
m sts, whiagd thevekebworal faked ptabe ven‘yf ﬁasad'yaedh:ntfhm gmmlqﬂhbgﬂmokealme coss

Ther ef d
st sor oartiR e RS 56 3ch Pt RIS Yas BEAB URer IR R RARRAY BET OO0, B0
t he crossﬁ@estageﬂﬂblsfomedtmme intct cangact with this thingfiln QfmeeMgﬁ@awiaiﬂorbhe MyCO3
sol ution gargwi Re éﬂaetr&%@%ﬁe&'.rﬁmer MBEO, sBflieh. MOMROWSY hE §he A, asa

treatnent of tine varying frequency el ectromagnetic field, would
greatly i ﬁbb]@%@@zﬂ'tel‘l@p!fr@ﬁﬂl‘?ﬁt ofdpe glestronsi{gberditsocialiglans (not shown) for
generating an el ectromagnetic field which has a varying |ow frequency is
arranged beftds endefetongmazt@mweaﬁmnahswbbas@iacpe@p%gmdgemaye&n%mﬁﬁ into the

2 bi ece. of e e TR e P Feoret 6
fi 2| dto me@mfmwnsagfameohetwswth@ fm?hsg%aﬁd tf'PFe%?ﬁdﬁ@/ éP"‘{“H‘é tﬁ%t r ode
antennas gBiveRBoridl aahbers, tthe tow@e ot fHeoiigbntion avoids the use of fine mist

nozzles since a number of gas escape paths are found between the mists, which

would affect the efficacy of the gas phase reaction. Therefore, the type of screen of

spiral nozzles, such as spray screen and mist screen, is properly used in the

invention to form the film blocking the cross section of the tower.

It is surprisingly observed that the MgCO; solution carrying the excess electrons,
after being subjected to a treatment of time varying low frequency electromagnetic
field, would greatly increase the removal of SO,. Therefore, means (not shown) for
generating an electromagnetic field which has a varying low frequency is arranged
before the MgCQ; solution is introduced and sprayed down into the first stage 110.
For example, the means consists of a coil wrapped around a piece of pipe to apply a
time varying low frequency electromagnetic field to the MgCO; solution flowing
through the pipe. Or the electrode antennas may be placed in the pipe through
which the MgCQ; solution flows into the first stage. The energized MgCO; solution is

17



whi ch the MgCO3 solution flows into the first stage. The energi zed MgCO3
solution is 17 then sprayed to formthe thin filmso as to contact with
the flue gas rising upward fromthe first stage 110. In the neans for
generating an electromagnetic field, the current flow ng through the coi
or the electrode antennas and the frequency range can be controlled or
pre-progranmed to suit the properties of the gas to be specifically

renoved. In order to further hance the re of, the SO dral nage
Chanmel s HTRSLSPrSieguR) o) Hais, TGRS Folo EOIEarS e e Al s oo
sol ution cramethtehmtswéget 1100 In ket mabdmefon@eheraolhg theslddtmostagsétigield, Thé s woul d
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sol ution §|5%ﬂc‘3lhpl"e yded as possible for the gas phase reaction in the
I nvention secon stage 120 is configured to renove CO2 fromthe fl ue

gas. Practi Cﬁaydeli. 9|f1|1 h%?entH r% reiniRal 8N e bY, &?ﬂ?#@%ﬁ%ﬂné fyyed in the
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princi pl eh#@{e \Mﬂ@ rf?"fﬁe @Afst %{lﬁel Tﬁ%'v%diﬂaﬂﬂekl@i‘ut' tﬁe 2KAbn ‘fr@m%lowﬁd g@&ento the pH
val ue of t diumi1s applicable to t tgeﬁecon stgge 120 There

are nuner 81989 §'@ﬁ W?l'%F%P"tOM‘QF fh%mgtwta&bf*mieﬁndt Y6 ENtas €288 ong as
the pKa greudske dbbbé/&hél%r@r@nw&m@rar@ttﬁé yargecentacidsurfzoe bewaswpltre seawat er

removal 1 Broagtregigachond Be 8ol R ol e PP BRI €L 1t e

MyCO3 und@wentive. condi ti on that the pKa is equal to the pH value may be
used as a nediumto performthe CO2 renoval. In this enbodi nent, seawater
“saturated w trheb@maseetgetm @bbrﬁ@n@jdrtg rédriova CO, frem HHe flue gsseBraaticdiipe second

I d dj d, pl

el ot r onsel P wuRTRCH s Rt S HRCY IR b M pa B By c e
drasti cal the ﬂme@astchmmggnméfomttheﬁrsd)‘atage generalhbmmppises ihel gas cangpoosnigen as

wel I as aCU %ﬁ@ %Hﬂé\rg% tﬁ?prmc-:mg él”?ag?ﬁ%gﬂ(agéﬂg@“i@@n{eﬂlu% L%Hft@'o'ry sane as

the first orate e the first

el ectron gles@tcatheopﬁ walue of tie liquid masiusnis aprlisabledo theprgoadistageuid 220
provi di ngThée dﬂ@ﬁ@%é@rux sBlufishd thBShdverthé Bt ?%‘Eé?ﬁb\@ttﬁ@@@aa idig astthe type of

el ectrol ygk&sl a(r)urj t}1 I-} gg&e ?a]:'e E:l;loproprla e segec?e e(ﬁtog' %%i D e seav\\lt\ﬁter with or
without the addition of MgCOQ; can give very good result of CO, removal through the
gas phase reaction. In addition, fresh water with the MgCO; under the condition that
the pKa is equal to the pH value may be used as a medium to perform the CO,
removal. In this embodiment, seawater saturated with MgCO; at the pH ranging from
9 to 11 is used as the second liquid medium to generate the second plasma
providing the excess electrons.

In the second stage 120, the gas CO, is found to be reduced drastically with the
generation of fine carbon particles and oxygen as well as a trace amount of CO.

The second stage 120 is structurally same as the first stage 110 and will not be
elaborated herein. Like the first electron generation unit 210, the second electron
generation unit 220 providing the necessary electrons for the second stage can be
the type of electrolysis or the type of time varying electromagnetic wave.

A large portion of CO, has been removed in the second stage 120. So the flue
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A large portion of CO2 has been renoved in the second stage 120. So the
flue 18 gas entering into the third stage contains mainly the NO and a
very small anmount of COs. The third stage 130 is configured to renmove NQO, .
Since the gas conponents SOx and CO2 have been substantially renoved from
the flue gas, the electron |oading supplied to the third stage is reduced.
In this stage, the liquid nediumis preferably to have a very high pH

value in order to create the environnment suitable . for the,gas phase

reduct i on98% eNering isteihethif stage FerHaIps Wﬁ%&t@x?ﬂﬂ%‘éﬁépﬂ gmé’gﬁttﬁ?at ed with
MyCO3 at . pH ranging from 10 to 12 nmay be used for the conversion of
NO, into the gases N2 and 02. The third stage 130 and the third el ectron

gener?tio? UIT:hF tRiRP stags 1@toﬁyicfdhﬁm;tréch$> re@&df@'g*ﬂ@ﬂ saﬂtideeme}ga@ ctdmlohb.itusd st age
are structura ane as, the first. stage an L r el ectron
generatio§%rﬁ’l°y§§efwﬁmi?ﬁ?’\/\ﬂq§%‘?ﬁ3bégr€? ov%mglge@ee%ﬁ'Stgfﬁrerlﬁc(rirﬁnback to
Fig. 1, itloadihg supphéd & the thaird |steyedis | rodycesly 8t thin Stape r thedigisidgmedismgias
conponent s_f t f . e rred c : s of the
Cover .t AP O Bt Ve Rp T F A FroraRaB sradte RRCShionpl alales Ot 1
herein) i for the-gas phase eetiustiok of NOhePrefesahly, orithge fashvpiGh Qintaawaiera sour ce
of the |i gy, fippditMvgo," SAOMBCHAtRNGIAG RIrRSIRLS a0t AbPIRIuédte rarepessary

el ectrons, as long as the pH of the “wash water is energized to be equal to
or close fenverdonRENGs intHbeggeesNed8MdPeon. In the closed | oop system the
quantity of liquid nediumrequired is less rel :;1tive_|¥<i The nethod of the

i nventi on caihaltiits $ege PP ene thecthird glegtion generpirspunil43Gier providingi®eopen | oop

system t BRelrb Qi RAnE Wil staRE @ HEBUPAG 8ok dsitRe Alseabgoupasd ®e by the
time varying el ectromagneti ¢ wave to achieve the %(E:%Elgcondltlon, and
then spr ajies§elegiren goperatipamitia]o, WH@“ME”?"E’H{?@ oratef 8B4k h water is then

di scharged directly, since the di schargfe wat er of the invention would not
af fect the eduofring kagk to Eigsfl dfrisdlfusiratediassloses learesystase fRireaoYing ieg@sent s. Of

course, apympOREN'#binaRe Alic gBREAs LAPBe 8B6h, Gh 8a&HIof BRRtAYLS I iR foWer,t he three
stages i s possible dependi a_% on the ac
i

e ; tual applicatjon requirenents and
the avai | #i walgr agfter; gentpetigi Withetiieugos Iifeg‘?"efpﬁ?l L‘i‘?tst] apRer aHgﬂ%}) efh f or
renovi ng fdieirdifited AR Sletiramydrieeationumitgas soucoesdfthelicedt mediaoctor dance
with a second enbqdi nent of .the inventi ' ysit L §n S tially
sanme as t ﬁe@eSﬁ@f%&?c‘?q%%%c?%a‘E‘wg tﬁ? Egéesg%fgkﬁﬂg’,%gﬁa 8# ﬁeﬁ_ﬁf %gt hat ~the
el ectron geskemwatérinensngized tr ke equahp@diosedd the phaoftbe MaiQaaolWipages of the
tower. the closed loop system, the quantity of liquid medium required is less relatively.

The method of the invention can also be implemented in an open loop system.
In the open loop system, the liquid medium is energized once by the electrolysis or
by the time varying electromagnetic wave to achieve the pKa=pH condition, and
then sprayed into the tower for the gas removal. The wash water is then discharged
directly, since the discharge water of the invention would not affect the ecological
system and satisfies the discharge requirements. Of course, any combination of
open loop and closed loop systems for the three stages is possible depending on the
actual application requirements and the availability of the liquid medium.

Fig. 2 illustrates a system for removing the gas components from the flue gas
constructed in accordance with a second embodiment of the invention. This system
is substantially same as the one disclosed in the first embodiment, but differs in that
the electron generation units are arranged inside the respective stages of the tower.
In this embodiment, the system is also a type of closed loop system.
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In this enbodi ment, the systemis also a type of closed | oop system 19 As
shown in Fig. 2, wash water tanks 510, 520, 530 for the three respective
stages 110, 120, 130 of the tower is arranged outside the tower, and the
el ectron generation units are securely attached to the walls of the tower
in a manner well known in the art. Taking the first stage 110 as an
exanpl e, the electron generation unit conprises at |east tw el ectrode

antennas 420 and 430 oppositely secured onto of the first stage.
The MyCCB solpﬁﬁwnﬂf‘o‘p %é"’%%‘s‘ﬂat\%ttaé}kstséﬂk%(id-’s% %/vam? theR BFSPREVBop of the

fi (rj st hst agﬁgé%%@ndz@ﬂg&%&(ﬂh@mferh@éﬁrumd tuisige tiee tovek, & thelelecmmnél es 600
and throught ace define ctr t to
formthe PF?FF&?:Q ﬁg PifreSTEH %aé g%gﬁ% @W&F? é %;ﬁode

ant ennas &newn p theeart. yakied ¢het first stagle an@ aﬂgeda)(amlpb p‘l%@ﬁﬁrmf&miong excess
el ectrons uggcbrﬂﬂﬁs %%a@t%&écﬁ%ﬁ@%n%&n Fﬁﬁ@éﬁ‘a hﬁ@ﬁﬂ&%ii& %é&ré@@ﬁtB' on as

di scussed ove cont a € was

di schar gethe walisef thefinst mg%r‘”‘led‘ﬂﬂg@igowpn f!'ﬁé“ the ‘g%ﬂ'e‘ﬂ’%t?é@"k'ﬁﬂg 'Saﬁef'jangenent
of the el ggman tcﬁ?@lel'h@tflrﬁrhté’dﬁ 40 bR 'sﬁ%y&@@ioﬁaﬂ%feu@ﬁ%éj sGR¥R of BPRdl ener gy

and space conpared with the system | e first nt
abovep Thingzzles B and treygd th?aﬂ‘?“?? E'TP rW %Iﬁgtlrcbcrezqmer{r@s 4|2§aﬂn§qiltsﬁe pl asma
wi t hi n t hep fcpmethe filmmdcriobetref @oss sdvtior Xt thermdgd. dfctht ietdcredaasiephamanaat ed.

Anot her adva f t ein
contact wi f??e{ eS%qu?F @i?”??ﬁ% ﬁ?%?m Pé{ﬁalhmg e%@ﬂ@e@ﬁgﬁseﬁﬁrbng Because
of these clalhbé ezreaied(bcsperfemerhheagahlnhastﬁIrﬁaQﬂbntaﬁiediBﬁmB@I abeve.uii¢ias t he
capabi | i t }eF&Bctmgqﬂ%@ga& Nhe tash Wakr i€hik8%g&d to tREWAER Uatdi9artiés cogTponent s

fromthe escri bed above, it 1S not necessary for the tower of
t he |nventbﬁdﬁ-9?69r|§h§k/| de a long travel path, therefore, the tower of the

I nvention can be constructed to be very conpact, enabling to force all gas
conponent s i ffhe arangeyeniofftheetecispagenerstion onitsdeside e inwer wealkl $aYEse

reaction gophaghed! daﬁc?aﬁabgnéomﬁé}e@dﬂltﬁ'ﬂa s?é’t‘ezﬁxﬁé%ﬂ)le@nmf e 'Rt be

nmounted or streanfine Interror structures nay rovi d%éj |n5|§ee each of

the stag&8bgdinand abgyeeThivisrkesgeee fh?e]'%‘é"\':m?fjé%iﬁ%”e@ﬁ REi58tE B t he
i nvent i on ghamabgitih iRbREr, kA t}fe@@fbretﬂh@ eixteneal m;tuu@dweimaatedmmbmerons

%g atS t a gasnt%gf_qa %f] sugg ta\é%rrrangement ISr ﬁ1 ﬁ'ut ap?asma can gee ﬁil coﬂpa%t w{tﬁ ﬁ%*ﬂ{&%t er with

gas immediately with minimum loss of energy. Because of these characteristics,
even a thin film of the liquid medium has the capability of producing the desired
effect of removing the gas components from the flue gas.

As described above, it is not necessary for the tower of the invention to provide
a long travel path, therefore, the tower of the invention can be constructed to be very
compact, enabling to force all gas components into a very confined space to provide
the best gas phase reaction contact and reactions. In addition, an extraction fan may
be mounted or streamline interior structures may be provided inside each of the
stages of the tower to reduce the backpressure.

The method of the invention has been tested to ireat the flue gas under the
conditions below: ,
Stages of the tower: the first stage — closed loop, freshwater with MgCO; at the
pH of 9 to11
the second stage — open loop, seawater at the pH of 9

to11
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t he second stage - open | oop, seawater at the pHof 9 toll 20 the third
stage - open loop, freshwater with MgCOB8 at the pH of 10 tol2 El ectron
generation units: the type of tine varying el ectromagneti c wave produced
by a spi ke card having a frequency of 66.67 Hz and al um num nagnesi um

el ectrode antennas The results of the tests showed that the renoval of the
gas SO, NO and CO2 are 45%- 70% 40% - 50% and 10% - 25% respectively.

Thus, the present invention provides a nmethod and a,sys iC
effectively renmove the gast e&m%ﬁ%sﬁwemﬂomd?esg’n@f%@%m%haﬁ%e gas.

The invention is significaslbyitmerne econom cal and conveni ent and does not
cause harmto the environments. \Wen conpared with the processes and

systems in tRRcRbA %er\%f'étlont tits: 'tﬁé’ﬁl?ﬁé & tﬁ%é'”d%’rfr% ldtfromlagaétit wauslue
feature that a |iquid mediumis i zed roducti,on of .

necessar y PEIdEERG 'Eih% spike cHdavigg @ E?(S*I'J@”"Eyh‘g 6% egs%zc?ré‘[)‘i‘lﬂ'ﬁ' Ingyn/ Tﬁg”ﬁé{ﬁ“
conponent glecifoddentemiaspl asma environnent, while the nediumitself acts as
an electron carrier only and does not take part in the reaction. This

avoi ds the gﬁ@%&{m& 'oPﬂheQéstQ'SBJSW&Pﬁfaﬂ}hea{@%obhlghtw@?%@sax,terlcldﬁmcgatsL to the
processes and systens av rior_art, e nethod an e
syst em of g% v B f‘Bz ?fofﬁré{%&éﬂ tzgff} FRWEHVEY- al | the three gases

Si rrultaneousl by using very |ow energy at reduced c ital cost. l\/breover,
the final prBdudEe PEsERl INRNPR BrRVMdes 3 Medind i asest hlﬂhﬁ@??&

friendly ?éiﬁ’odéDﬂHleCba@%m@héﬁt@tséﬁN@Ca?idogogﬁtbmse/ﬂﬂ@@asafmb inberttni |s no need

for disposal of final roduct Vi n suffi tly. describ nat ure of
the presef@n 'ﬁ%‘MtWBW aigf‘nlf_j‘a ﬂ@mp? %éﬁ% d'}/érfﬁgffﬁ ﬁgﬁ'ﬁ tgl}ﬁﬁ
i nventi Onen\hmwmeafs, V\ﬁ’(wwodwpmid With therproestse® andheysterhs irctherpasr amdhéunct i ons

of the em?-\%gntﬁj 'bt?tererg)rvgy\%]ang %J.letfeiaﬁjréttrfattgﬂlqbﬂ%edh%% ﬁﬁlgﬁ@%r‘thé basi c

prlnC|pIe ﬁg ecte
vari at i onprogfictitet ofithe neceaseryLelesimns Ar igsstoangbledte %a@'?moﬁthﬁt@la&r e easily

obt ai nabl g, @yod&?ggﬁl e %Qﬁplﬁ%é'&ﬁur&%éﬂ” Wil WBTRTE UM Wi GBts Vs BT

departing e scope the invention should faII nt o tg ﬁcope of
t hi s i nveglecen cgm'lew]cmly |a§dc¢%snﬁ8t fake part in the reaction. This avoids t

consumption of high energy and high voltage.

In contrast to the processes and systems available in the prior art, the method
and the system of the invention are capable of removing all the three gases
simultaneously by using very low energy at reduced capital cost. Moreover, the final
products obtained from the invention are environmentally friendly and would not
affect the ecological system, and there is no need for disposal of final products.

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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1. A nethod for renoving gas conponents SOX, NOx, and CO2from a flue gas,
conprising the steps of: a) contacting the flue gas with a first liquid
medi um whi ch provides a first plasna containing reactive electrons or ions
in an anount such that the gas nolecules SOX are subject to inpingenent of
the electrons or ions in the first plasnma to enable the dissociation of
the gas nol ecules SOX so as to renove SOx fromthe flue gas; b) contacting
the flue gas obtained fromstep a) with a second |iquid nedium which

provi des Wnﬁi?&@ﬂ-ﬁé@%m containing reactive electrons or ions in an anount
such t hat e gas ecul es CO2 are subject to inpingenent of the eI ectrons

oo 0 e ARSRAPIER SRR RS oAl REOShaC e s iy

nol ecul es S0 as ooV e té.CtI ng the
fl ue gas otmpisieaitherstapssfep b) with a third | |qU| d rredl um whi ch provi des a

third plas maf%ﬂﬁ@btﬂtgngter fﬁ?&gaﬁwm' 8 Gl &t dRIN® wHicHR Prodidey Y fifggch that
the gas nol ecul es NO~ are subject to Inpingenent of the el ectrons or ions

in the sB@sma ﬁ?rﬁ%ﬂ'ﬁgt@a@w&bﬁé‘ﬂf% as é@@ci”a?i‘o"t‘t“?ﬂ” e gthet s 8881 es NOX

SO as to0 mRMBRMRs I aré saedtheiniditfengas of Re elBt@on®biions ackofidt pigsha cl aim 1,
wherein t t hi_rd

subst ant i Eﬂ ‘F")'Pbéea{'}’& 03,9?358,% 'O'Q?Bfg@g 93 r?%%cﬂ.b”sfggggg'ta?\tg 'ﬁ%‘f)el_%#f 15:'% B nst ant

(pKa) . 3. flidgasyet hod according to claiml, wherein the first mediumis

[resh vater opaliiahgdnall oBfo 'Bfat?etdef?o SR DAMRS Ts%eﬁde @ nfurdny

conbi nati on ereo ran e net hod
accor di ngwhishgireyi¢asia smma’q‘m&]@ alfﬂlﬁﬁ rﬁ?@ﬁi’%ﬁiﬁp@wfﬂmﬁ ig ag@ePundol ut i on

at a pH r angi Rg the §a3 %oié&ul@s 0, aT@%utﬁ]@éth@ﬂnﬁﬁéé?ﬁéht%ﬂtﬁe%lé‘dtr@héfbﬁwnymerel n
t he second mediumjs fresh t@% r 'sea {1@{9 sat ur at m:th car.bonat es,

sul phat esin tHRSEFINSE RIasm? toyga @HO"P &5 rﬁ‘tle 35818 from 9 to
11. 6. Th%nﬁm,tgtmdzmmedﬂuu;ga@am al m 1, wherein the third nmediumis fresh

wat er or te t : es or any
conbi nati on 8)2‘?"% P%gte gggr?\gt aﬁ%ﬁaﬁﬂgg@ﬁ bﬁtﬁ%%%iw@ﬁé;me% ?IIP]
accor di ngptosides aithird plasine centainingoreactivetelectron® adioas ih amamguns| sishrthat

the gas molecules NO, are subject to impingement of the electrons or ions in the

second plasma to enable the dissociation of the gas molecules NO, so as to remove
NO, from the flue gas.

2. The method according to claim 1, wherein the first, second and third liquid
media have pH value substantially equal to or close to their respective ionization
constant (pKa).

3. The method according to claim 1, wherein the first medium is fresh water
saturated with carbonates, sulphates, phosphates or any combination thereof with a
pH ranging from 9 to 11.

4. The method according to claim 1, wherein the first medium is sulfuric acid
solution at a pH ranging from 2 to 4.

5. The method according to claim 1, wherein the second medium is fresh water
or sea water saturated with carbonates, sulphates, phosphates or any combination
thereof at a pH ranging from 9 to 11.

6. The method according to claim 1, wherein the third medium is fresh water or
sea water saturated with carbonates, sulphates, phosphates or any combination
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are generated by electrolyzing the first, second and third liquid nedia in
an electrolytic cell containing at | east one anode and at | east one

cat hode, respectively, the electrolyzing is inplenmented by selectively
controlling production rates of negative and positive ions at the anode
and the cathode so as to renpbve the positive ions and | eave the el ectrons
or ions in the nedia 8. The nethod according to claim?7, wherein the anode
i s nmade o; qaL b %ect Hron1the group consisting of netals, netal
oxi des, gMgFRTELaP da“%P%'Pﬁﬁ %itanium 9. The method according to
cIa|n17 wherein the cathode is nmade of a material selecte fron1the gr oup
consi sting of- FP%%@Wmd§F@§ﬂmgﬁ?€@EW1pW@W%Gt@?@@FSe@ﬁﬁbﬁpth" PiapRPt e, and

m%‘t ﬁl dOXI de géﬁeratEaebvrBélmmﬁﬁ@Ofr@ ﬂ@ttQ?dbhdl ﬁni,thumwaq@u médge ﬁnﬁﬁlg andt

cathode is ar a ic at i od according to

cl ai m 10, (ﬁﬁé&gti' eﬁ'ﬁ@"%ﬁvgq %tj?asng 5?4%?[‘%0321 leaﬁéf’? e??SFg‘{??Opw gne

(PP) or ptileyeldoirblgriag (iPHmMplandrded dyosdiedively aommllmgsprodudlmnrat@ oﬁepfar ator.

12. The MREQReAGEOEARA LA CJt%h%”aZlodé YrhRE GAERe! 36 B8 blRnRlERng! 1 etting
wa rea romb rd

strong ¥ tom 0 nove Ia mass I n upwar
directi onp0$liifved©féﬁaandba!ﬁﬁhélﬂ!%ﬁt'pn%@f@ﬂ%'ﬂi?aﬂ’&ﬂ@a pr oduced at the cathode.
13. The nmethod according to claim7, wherein the production rates of
negati ve ané. posirethed acogling ® tﬂae'h‘eht\ilh&feiy teoaneds |sodads oba diah%ji&ﬂ o

anode and°tRacd IR B8P AiRiind Pl inGRle AERT GRS, SEMRY SbIANREP, | e

first, setf@Admand third plasmas are generated by applying tine varying
el ectromagnetic wave to the first, second and third nmedia, respectively.
15. The net hédT lm:metfwidragcordirmltaic}aimzr whrbreiretihg caﬂ‘@deiimadapg/a mpterial

el ect romagé]gé L& fW‘?h%‘?o@ Eéﬁ%ﬁg% ﬁuﬁiﬂe@f@@elf kel pRASH sic@), 2PkéR- 16. The

nmet hod accor |ng to c int irst, second and third nedia 23
are respe@plits. andgretalaxisg. af ter contacting wi th the flue gas, and then
energi zed to produce the reactive electrons or ions necessary for the

di ssoci at i on1@f Thérangthed acoondingetnt slaiso 7 hehereinetre aanodeeand cethiode del

conti nuou ‘ ording to claiml, wherein in steps a) to
S& aat%(g1 %EH&.é&‘FEQ&Qaﬁ&F

c), the ne
11. The method according to claim 10, wherein the physical separation is
performed by polypropyiene (PP) or polyethylene (PE) filter clothes or a porous
mechanical separator.

12. The method according to claim 7, further comprising the step of jetting
strong water stream from bottom to top to move the media mass in upward direction
in order to quickly liberate hydrogen produced at the cathode.

13. The method according to claim 7, wherein the production rates of negative
and positive ions are selectively controlled according to materials, surface conditions,
current densities and potentials of the anode and the cathode.

14. The method according to claim 1, wherein the first, second and third
plasmas are generated by applying time varying electromagnetic wave to the first,
second and third media, respectively.

156. The method according to claim 14, wherein the time varying
electromagnetic wave has a frequency ranging from 0.5kHz to 500kHz.

16. The method according to claim 1, wherein the first, second and third media
23



respecti ve oxidation reduction potential of -100 to -500 nV. 18. The net hod
according to claiml1l, wherein in each of steps a) to c), the plasma is
subject to tinme varying el ectromagneti c wave treatnent before the

I npi ngenent takes place. 19. A systemfor renoving gas conponents SOx, NON,
and CO2 froma flue gas, conprising: a tower conprising: a first stage for
renmovi ng SON, including a first inlet for introducing a first Iliquid

medi um whi ch provij des f| rs n reactl ye el ectrqons or ions,
and rreansafeowsgﬁ‘i:t%(ﬁ'iyrf@ ¢4{ed Pﬁ?rp ?41-3 hgh‘? h'r#gﬁﬁwf’m[d ?rg)lemergIZFﬁQ?n of the
first rrEﬁrdﬂﬂib@Qﬂié)fﬁéaoﬁv@re{RB'oﬁem lians mécebtmyfforrﬂ'e dissgationat thrgest he fl ue

gas passi nﬁmaﬁﬁ%@ﬁ%ﬁgﬂ{%g %2%%%\ JOJ éo%gmtfotu@ e contacts with the film of

the first movi ng CQ2, |nclud|nga

second inlet fo duci ui d nedi L,ch i des a
second pl as mi;c-b?ﬂ %‘?h\oﬁﬁcc?@%@%&@'ﬂl el@’k‘?r H‘s'nﬂeqsc?ﬁgg’ \é\g Wg A< Br

sprayi ng trdupestbeaxitiation radiictiedpatentthduir100 o 560mMa fil m of the second nedi um
across a cross section of the second stage such that the flue gas coni ng

OU; fromt he1f;| Thé n%tl@&ﬁa@dﬂﬁdhﬁ@&@ claiirh N1, trrdit |lrirllaﬁtf(:jh bhetesgca@md c),lthgui ]Ei

medi um an f or renovin ncl udi t for

i ntroduci R Sﬁ'a Ph?'ﬂﬂe‘f"a@ Hrge Y 0 $h %&W%Sb p%ﬁ p&ef’og%r&h ont ai ni ng
reacti ve é#hgingenoed takes plawes, and neans for spraying the third liquid nmedium
down to forma filmof the third nediumacross a cross section of the

third stage 3ycAsjdigh fétrembling gaasompometts 80k, NOJ, ami 0 fivecafice gasage
contacts with.the filmof the third liquid medium an el ectron generation
system cofPPP4SPy: a first electron generation unit for generating the
first plasnaaitowertmnigrise: | i quid medium a second el ectron generation unit

for generating thsf.ﬁsmggffalraﬁn%nysotiaauﬁmg%;rﬁst dhue ogin%ghéht'i%]a%l’k‘i‘ a third

el ectron generati on uni enerati'h asnma i n 24 third
|i qui d medduignmeziium Wﬁ@hsg@tlléﬁ@ acfwrlalaﬁga pentélnmgnﬁefgtwevwi@?tm% EdeMs of t he

spraying BR@NRedrs @r shidyMgOiheSHrECRILIP Imetiinh FownOBZiofd .- a film of the first
medium across a cross section of the first stage such that the flue gas passing
upward and through the first stage contacts with the film of the first liquid medium,

a second stage for removing CO,, including a second inlet for
introducing a second liquid medium which provides a second plasma containing
reactive electrons or ions, and means for spraying the second liquid medium down
to form a film of the second medium across a cross section of the second stage such
that the flue gas coming out from the first stage contacts with the film of the second
liquid medium, and

a third stage for removing NO, including a third inlet for introducing a
third liquid medium which provides a third plasma containing reactive electrons or
jons, and means for spraying the third liquid medium down to form a film of the third
medium across a cross section of the third stage such that the flue gas coming out
from the second stage contacts with the film of the third liquid medium,

an electron generation system comprising:

a first electron generation unit for generating the first plasma in the first
liquid medium,

a second electron generation unit for generating the second plasma in
the second liquid medium, and

a third electron generation unit for generating the third plasma in the
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21. The system according to claim19, wherein a spacer is provided between
the first and second stages to prevent the first stage frominfiltration or
interference of the second liquid nmedium 22. The system according to
claim19, wherein the first, second and third electron generation units
are arranged outside the tower. 23. The system according to claim 19,
wherein the first electron generation unit is arranged inside the first

st age of tﬂe 19f0) the second el ectron generation unit is arranged inside
t he secondn §15b£f dip tower, and the third electron generation unit 1is
arranged inside_the thlrd stag of the tower. 24. The system according to
claim 19, whelelThe sysiemccaraBade slaim df. Wesrenaach /f thﬁrﬁpt'%’ INIIABANSIBE an

el ectrol yityge sfedctech@PbgitdlinBgIgd. | east one anode and at | east one cathode,
across which direct current is applied for causing electrolysis of the

medi umin t h%egg g&bw é&;oﬁﬁ%d to daiml #8, \ﬁwe%&ﬁra gt it pravibied %bme@hm

wherei n the ano a materi al ele fromthe, gr consi sting
of netals th?rﬂ'fséﬁn%ﬁ?‘iﬂ’é’g st@ea;swfeéfenhﬁha ﬁb"rtzﬂqgﬁl f%réi ‘”f‘{t'iaﬁ'a'P\PDW?e *N%he system
accor di ng dr theCdesrbd Rguidvietigh t he cathode is made of a material selected
fromthe gr oup consisting of nickel, steel, nickel plated steel, copper,

graphite, ?ﬂmﬁh@' l‘énqeacc&'&ng-ri&eclﬁﬁt@mmﬁ‘féﬁ‘é?ﬁ Qhé‘ﬁrétosé‘doﬂurﬁr%‘lthlr\&her ein
t he anode and cat ho ysi cal qﬂyqugggar ated by wrapping the anode with a

PP or PE tFOQSEHQ’HBO%%Fé}W ageneg theitgVeh 24, wherein a propel | er
stirrer or an air lift provisionis Erow ded to | |ft hydr ogen gas away
from a surfadd. the syatemacherding toglainTAB, wherelsrihe sbelgriney genesatiannits,

wherein a |§9ﬂ9f§q%‘él~°lﬁ§d@{r{e firétfsftadéedftthﬁ toWe? th@@éﬁﬁn@%[éﬁ&oﬁ@@nér@ﬁor@ﬁmf iRe
el ectrolytic ce

for dissipation the electrolytic
LT Ok aandsnsers e ionat ths Bhar andihe Bre FERRL ST e Y obgi ng
the medi ung airsngREnsdgetheitiird dst@geebfthe teert i ¢ cel | at a position close to the
cathode. 31. The system according to claim 24, wherein the electrolytic

cell is made naf TRe sftﬂé‘rﬁ%fceérhlng tg%la‘ﬂﬁﬂ@' whéreth ERhAf the el@Bk @ deHerationh
non- conductive |ining 2‘%@ The stem accoydi n cﬁ%tt 0 %I aim 19,
rcé’ﬂ"'f Jfes

wher ei n ed®Hs SPmP‘Pﬁ?s‘e‘i"’éﬁlﬁF 2HN9 @hlest PURPIFEY fBF
gener at i n@athode, wermogs nehiet eltrédstoammtus cappiize forandudifte electrolysis of the

medium in the electrolytic cell.

25 The system according to claim 24, wherein the anode is made of a material
selected from the group consisting of metals, metal oxides, graphite, and platinized
titanium.

26. The system according to claim 24 wherein the cathode is made of a material
selected from the group consisting of nickel, steel, nickel plated steel, copper,
graphite, and metal oxide.

27. The system according to claim 24, wherein the anode and cathode is
physically separated by wrapping the anode with a PP or PE bag.

28. The system according to claim 24, wherein a propeller stirrer or an air lift
provision is provided to lift hydrogen gas away from a surface of the cathode.

29. The system according to claim 24, wherein a compressed air lift venturi is
mounted on the top of the electrolytic cell for dissipation of hydrogen gas from the
electrolytic cell.
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mediumis subject to the tinme varying el ectromagnetic wave for the
generation of the plasm. 33. The system according to claim32, wherein
the tine varying el ectromagnetic wave has a frequency ranging from 0. 5kHz
to 500kHz. 34. The system according to claim 32, wherein the means for
generating tinme varying electromagnetic wave conprises a tank contai ning
at least two el ectrode antennas subnerged in the nediumin a spaced

manner, an e romagneti c Y engr at,i on_car. npect e t the two
el ectrode an%@ﬁf@sﬁys a%qur%ﬁg &oﬁg‘rm Eé&neégnggdﬁptg@r%eﬁwggﬂ%%ﬁgﬁgp

gener at i o3 st@ngded BBhe Eretrslytid exhaaqosiionglose tethaicati®de. wherein the two

el ectrode antennas are nmade of netals such as nmagnesium barium copper,

tSL eel ,fm%'t al SO.XfHﬁs@ngc@_‘f_dgng? fo (déimQWHéﬁﬁQ trrwbamimimoemmad@ofa m xture
ereof, or gr ite.. 36. system accordi ng .t q. ¢l.ai er ei th
nmeans for"ﬂ‘gﬁ%tg]g? F\"i'ge”af ?rn%"\?gﬁ“ﬁrﬂ@te@?lé‘ﬂ r’lﬁ’ﬁa"é’ﬁg&’&%‘:’g\hﬁ‘\"}g}#§°%¥“rp@a;glag ? 20 °

subj ect each of _the first, second  and third nedia to the tinme varyin
el ect r omagned?-cThiateReef0EdING 19 Jaimh{?.oUiFEe/l SRRl Bﬁh?ﬁéecl"%@?ne@};‘?n ¥heg
systherr} atcﬁﬁlfs]?e:_bdmﬁs@s eheingfdrigenshRingitimeavarging relediromaghetic waverandtiesl i nsi de
each o e first

second and third stages r el stem
accor di n_ngS*“m 8iSHpITe o iRas HaW'Hg(?!fth%Fg?%rgVi%%gé@ﬁgg?%e}%%%ne h gnnel s
arleI pr0\2/|6desknan wal | s of the stage for draining the medi um when hitting the
wal | s.

33. The system according to claim 32, wherein the time varying electromagnetic
wave has a frequency ranging from 0.5kHz to 500kHz.

34. The system according to claim 32, wherein the means for generating time
varying electromagnetic wave comprises a tank containing at least two electrode
antennas submerged in the medium in a spaced manner, an electromagnetic wave
generation card connected between the two electrode antennas, and an DC power
source coupled with the wave generation card.

35. The system according to claim 34, wherein the two electrode antennas are
made of metals such as magnesium, barium, copper, steel, metal oxides such as
iridium oxides, ruthenium oxides or a mixture thereof, or graphite.

36. The system according to claim 19, wherein another means for generating
time varying electromagnetic wave is arranged to subject each of the first, second
and third media to the time varying electromagnetic wave before it is introduced into
the tower.

37. The system according to claim 19, wherein an extraction fan is mounted
inside each of the first, second and third stages of the tower.

38. The system according to claim 19, wherein in each of the stages, drainage
channels are provided on walls of the stage for draining the medium when hitting the
walis.
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