Met hod and System for Renoving 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 conmponents such as SOX,
NO., and CO2 froma flue gas using electron inpingenent in a wet plasnma
envi ronnment. Background of the Invention Wth the increasi ng awar eness
of the negative inpact of pollutants and greenhouse gases particularly the
gas conponents SON, NO and CO2 on the environment, many enission control
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a liquid or solid phase chem cal reaction process for renoving SO2 only but
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emission of these pollutants and Greenhouse gases. Numerous attempts have been

made to meet the requirement of these legislations, among which one way is to go

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. .

S0, 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 CO,,
when the raw material CaCO; is heated to obtain the CaO. Lime is used as a
consumable reactant in the process.

S0, 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

1



Cx2. Alkalinity in the water or the added NaOH is used as consumabl e
reactant in the process. Again, this process is not capable of renoving NO
or C2. NO is commonly renoved by a Sel ective Catal ytic Reduction (SCR)
process. In the SCR process, urea or anmonia is used to reduce the NOinto
nitrogen and oxygen. The SCR process is capable of renoving the NO only but
cannot renove SO, or C2. In fact, SO wll "poison" the catalyst in the
SCR process. Another disadvantage of the SCR process is that high
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Al'l the above nmethods are based on |iquid phase reactions. Presently, there
are various nethods and systens which use a dry plasna technique to renove
the gas NO,. The conmon feature of these nethods and systens is to use a
reacti on chanmber with high voltage to create the plasma. The generation of
the plasma normally requires a clean environnment which is practically

i npossi ble to achieve in coal or fuel conbustion flue gas systens. In the
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various methods and systems which use a dry plasma technique to remove the gas
NO,. 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 NOy 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 SOy, NOx and CO; is
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A yet further object of the invention is to provide a nethod and a system
for simultaneously renoving the gas conponents froma flue gas, which
utilizes easily obtainable raw nmaterials in a relatively | ess anmount, and
the materials can be recycled after the treatnent of the flue gas. These
and ot her objects and advantages of the invention are satisfied by
providing a nmethod for renoving gas conponents SOx, NOx, and CO2 from a
flue gas, conprising the steps of: a) contacting the flue gas with a first
l'iquid nmedium which provides a first plasma containing reactive electrons
or ions in JR°ERBY%Nnt such that the gas nol ecules SO are subject to
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i mpi ngement “B1*t & S e secon
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i oni zati on aetngtend hdpkm)the atmosphere and marine environments without the need of
consideration of disposal of final products and storage of raw reagents.

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
environmentatly friendly.

Another object of the invention is to provide a method and a system for
simultaneously removing the gas components 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 SOx, NO,, 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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In one enbodi ment of the invention, the first mediumis fresh water
saturated with carbonates, sul phates, phosphates or any conbi nation thereof
at a pHranging from9 to 11, the second nediumis fresh water or sea water
saturated with carbonates, sul phates, phosphates or any conbination thereof
at a pHranging from9 to 11, and the third mediumis fresh water or sea
wat er saturated with carbonates, sul phates; phosphates or any conbi nation
thereof at a pHranging from10 to 12. Sul furic acid solution my be
used as the first nmediumin sone cases where there is a sudden surge in the
gas SO2 | oaglasmagcontainingHregetienaledang Lqri Bnudd @nseit sHol hatdhg 98F 1 ed to
range from &oleRulds SOx areRBuBjeerrtamhyingehieat ¢fitiesstectiony otiensge therfist pldsioy usi ng an
el ect 1ol ySi &, BIBRERS alfodiioh Bt i obb HRILARY B <61a86 FATERARY, igmigy . One
measure of tormng a plrasma in e nmediumis”an oxidation reduction
potential (&RPJaspf the medium If the ORP noves to the negative direction
by, for exanpl g) conlffiig/thediue %R0 Bikainet fiordstepbpwitt haecdrdiquiedhedion s
reductive angd. i X e ; j hat ma
generates i ngcﬁgpowggé%ggongspzauﬂaaﬁq%% re?_ée{gjgjglt% %%ﬁgrotéhﬁ’%il%%ﬁa%m The
el ect r ol ysi sughrthatéhasogsnalenuies &Pk sybiechie ivpiagerent gt the eleerens @b NS ni ng at
I eag t one apage séditid plashm@as bndiethealissocigtionyof fl getmaleiules Gditsoaslto ng
production rates ne Lve_ an ositive ions at the anode and the cat hode
'so as to refdVESt éfroggtﬁ%hq/eegﬁ%oggc?and | eave el ectrons in the nedium The
product i on r at esoptactngdhe flussassitainsdifomaten Rivdthadlirdlisuiganediym yaict
control | ed pegiaeslh fardtphsiatehianirg, resdivd sleetrane e iohs M, angaunt &rch tidensi ti es
and potentigls of the anede_and . . E of
Faci |1t ati nocss BURBISROr B phe e kgt o, of e GcrbRE oPEE BRe O
separ at ed bgeqony slaemp tasenghledhs dipsociagen ehtbggasamelesuRs NAISPRESDIFMONR (PP) or
pol yet hyl enQo( P& tihd AdegjasCl ot hes or ot her porous nechanical separators,
whi ch can physically sl ow down the novenent of electrons and ions. Another
met hod for fack|nebsdchiOstbfLa)deng loithedMetibd tngy Y RpBRted Sortamej@tmaé r ong wat er
streamfron}.bottomto top to nove the nmediummass in upward direction in
order to qu"B?ﬁ'y | i berat e hydrogen produced at the cathode and | eave
electrons in the di . Jhe .t var.yi i QUBAE ' e for
gener ati ng theﬂfﬁogdg%yomgg 'Tj‘éeﬂté?q’ﬁ%ﬂﬁﬂe%ﬁ%{r#ggmregﬁg["ﬁ% frorf% hg\‘fk to
500k Hz. vafee sibstantialy ehieal teeormlask tother Faspegtive ionization censtanit@@ous t hat t he
plasma is subject to time varying el ectromagneti c wave treatnment before the
i mpi ngenent t akesnepimwdiment 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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Anot her aspect of the invention is to provide a systemfor renoving gas
components SO,., NQ and CO2 froma flue gas, comprising: a tower
conprising: a first stage for renmoving SON, Including a first inlet
for introducing a first liquid mediumwhich provides a first plasma

contai ning reactive electrons or ions, and means for spraying the first
liquid mediumdown to forma filmof the first medi um across a cross
section of the first stage such that the flue gas passing upward and

through the first stage contacts with the filmof the first liquid medium
a second st agerais? ntRyHediHy aé@ﬁ}"“ﬂ%?éPU&B%ﬁ”%’?@%%‘nd inlet for introducing a

second liquid nedi umwhich provides a s d pl as. I.Ni '
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i'qui d ned
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r" el retie 13 FRrCHCHoR i sben g ol e R o ch
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for. sprayi ngoddiinl M dhyldefltiel MRSLUAAONANS Sndd@aRY hefdalryof the third

medi um acr oSS a Cross section third stage such that the flue gas
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or polyethylene (PE) filter clothes or other porous mechanical separators, which can
physically slow down the movement of electrons and ions. Another method for
facilitating the generation of the plasma is to jet strong water stream from bottom to
top to move the medium mass in upward direction in order to quickly liberate
hydrogen produced at the cathode and leave electrons in the medium.

The time varying electromagnetic wave for generating the plasma has usually a
frequency ranging from 0.5kHz to 500kHz.

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 SOx, NO;, 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 médium,

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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a second el ectron generation unit for generating the second plasma in the
second |iquid nedium and a third electron generation unit for
generating the third plasnma in the third Iiquid medium According to
t he invention, each of the spraying neans is a type of screen of spiral 3
nozzl es which is beneficial to the formation of the thin filmof the medi um
in contact with the flue gas. I n anot her enbodi nent of the invention, a
spacer is provided between the first and second stages to prevent the first
stage frominfiltration or interference of the second |iquid medi um

The first, ge¢ond and third electron generation units may be arranged

out si de the towera iird istagé 6 réhevingase ticiudieg atthighisletfor intreducimgerthird\hen t he

el ectron geﬁ cﬂFn'e&Gm%néh e{%&lﬁeﬁaé El‘ﬁ‘l?%%ln{a}:@ngﬁ\ righr%aétﬁgﬁfectréﬁgy @Arésna isin

contact wt as | me I's create
external gened a’tﬂaﬁﬁ far fnkaying th%éﬂﬁdr'@el'd "f’?ﬂé‘r‘@f@l"’@ to fore a4l git Srfa'rds pace
required i sméarith Siddsla @osh debfdnofitise thisd sidgé Suchrtadt tie fe@tgaerbminh ouhe medi um

outside thect Oi\% second Stgé% éo%éa%glvy tﬁé-lrlﬁ@tf fh%%l(@ﬂﬁd%d‘i mount ed and/ or

streani ine R evi sed I nsi ch of 'the first, second
and third stag@selgetrangenerglisr systen @IPEENg:he backpressure of the stage.

Al'so, in each of 4 het sleagRSgerdraaibmage fahrneatity tedirgrpmshded tonfisal | s of the
stage for d[ial. i n@yt he medi um when hitting the walls. According to the

i nvention, Bm maé be provided in the formof a closed |oop system
or constructed asa ssvonpelectagensipiorauiit fphgeneesting the s RITH? 8y ent' ™ herein
refers to as&bht G4id ﬂ,e@m;ncghd he nmediumis recycled to recel ve the

re-treatment and {hi:rgcsziegﬁ% aé\ﬁﬁ ﬁ mwﬁeﬁ‘%dﬁngﬂq@d}t‘ sm3ASthe! AP Systent

her ei n refe(s_toaa umi's rged after
cont acti ng lduichmediemf | ue gas.
According to the invention, each of the spraying means is a type of screen of
spiral nozzles which is beneficial to the formation of the thin film of the medium in
contact with the flue gas.

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 liquid 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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In contrast to the processes and systens available in the prior ad, the

nmet hod and the system of the invention are capable of renoving all the

t hree gases simultaneously, which significantly reduces the capital cost
and requires very | ow energy. Mreover, the final products obtained from
the invention are environnmentally friendly and woul d not affect the

ecol ogi cal system and there is no need for disposal of final products.

The nost advantage of the nethod of the invention is that a |iquid nmedium
is utilized for the production of the necessary electrons or ions to enable
t he di ssoci & da-chsulaterd coptisueusipdhe e “apRn|leen pstemEdiaiek i'e'es 1 acts as an
el ectron carsyitemh ipwhizh hethedin®sis Aigthdrgddeaflpatdntadiing With thedlad gasn. Thi s avoi ds

t he consunption of high energy and high voltage as done in the dry-plasma
net hogs avai | ?ln{ Goritrastttﬁﬁvemrbégsséﬂénd s%t@m@ﬁ;/élladleoﬁ tri’ef‘pﬁioiﬁrltl,elﬁdhweﬂhodfrﬁydbe "
termed "wet . i.sti i Y od in the
art. Thé"‘Rg gﬁg’s B r1i"t ﬁgthgjg\f%hﬁf FétgEée&l%lﬁvéﬁ{%r@gﬁ\?g"s??u‘ﬁf%?%%?é di fferent
from t he cositienenyaly, wieh pipeifieanthUsagaeesythe iapitah Ao NP derlires ¥eil®ers are
Con?‘ truct ﬁdfeb&gﬁay@e@e@ @{errmial R6dURis@btaA R dPRESthS Ingerition Bredhividhnéentaing t [) avel
path, wit i ne m st 77 t Vi ont < ce between
t he nmedi um ghe(ﬁ'gkyﬁgg?’” PLE@ nataagt.%c%g%%&a%rgifgfsggttg ﬁ‘e%%ﬁ riqoo%zg??(gsrcr%{)azrs, t he
tower of thefingheiediadh is configured to shorten the travel path, and takes
advantage of a thin filmof the nmedium across the cross-section of the
tower to react Thg fest advaptage obithg mefljadofihg Wvertipn i thpta biguid MedipBds um t he
Cogt aczI ti gﬁtilﬁé&%ﬂﬁhd fp&adtretd:ll ° 'tr)mum &@dﬁé&eeséri; Uflecfiafs WBLibits le edlsiiisttheal | K
reduced and the.tower ,wou e as shor. r ei ght.

The ob) ear o dsRieg AR MO coMociEn Uil A8 il I ocks BF Bfeiachion®] O1

i nvent i on wchriehenly and ¢eas nst telse part #uthp reackien {THis| AyRIdh dheoeseympion®h of t he
concept s andightanefy WnBhighf voithge hieHat ih afe wytdhshif RétRokeavaiabldi tBe conpanyi ng

drawi ngs. The dr ngs Jllustrate the inv ' o) lL.es w thout
[t act on BOCHE (TR BRTRS R e i R b B el el BB R 6
Drawi ngs  distiuigh from the dryqdasaneanetoodin figratin showi ng a system for renovi ng

the gas conponents fromthe flue gas constructed in accordance with a first
embodi ment of The towaresitthersysigmepfeths invaatien d strenturgiyndifferentotiorartbe s are

ar-r ange]g outsiveRtidnBEschMBBs: Usually ﬁb%on@n?&waﬁscﬁf\dﬁﬁﬁr& Eorfétradép e Wi gg_ a
aecor dance RicPRE SR BREBR A Re or ek AR AERer BPREIE ol ect ron
gener ati on grevide the enaximuem greatach sirfhse thedwaepwdie . mediumEngl, thg flue gasschemati ¢
di agr am shoghRgarfo e@Shicllornt? 86BN Mhddiver bt thk iireAbnas e6ifibGled 36 S
' shorten the travel path, and takes advantage of a thin film 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, characteristics, 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
ilustrate the invention by way of examples without limitation to the invention in any

manner.

Brief Description of the Drawings




Fig. 4 is a schematic di agram showi ng an el ectron generation unit utilizing
time varying el ectronagnetic wave. Detail ed Description of the Invention
The foll ow ng description presents preferred enbodi nents. This description
is not to be taken in a limting sense but is nmade nerely for the purpose
of describing the general principles of the invention, the scope of which
is further understood by the appended cl ai ns, While this invention is
illustrated and described in preferred enbodi ments, the invention nay be
produced in many different configurations, sizes, forns and terials.

It is underst 0(’5){9 that 2aPeheR\GHR daeAT SAWING; 3 SYSIee B HEMOYIRY F 28, may be
used herei n compeemes frdnethedile gus ceistuntet in accudypoa aith 8, first eatbadimentaaid/ or
sections, they ln\%?\?ﬁrlm GiaRn RE elel:%r?%eqle ol 58 &rd £5dMBed JNSTE WS, are only

used to dlstlngU|s one el enent onent, featurée or section from

B e ou 0 b 5o, SUEIBAL el Wy £ SIS 1eRBGhy e Yascussed

bel ow coul d be feature or tion

wi t hout dep&PmPW@F”isrfﬁﬂﬁ ‘{hﬂéuq @%&ﬂ?ﬂﬁ%"e&fm ???@f%ﬂ%%@'ma?%\?%?mmf“me“ It has
been al r eadyf B awenfidhivhérsintifcelcaov gaitdrativhl unjts areasrsrged insidpheltoplease
reaction are carried out to renove the gas conponents fromthe flue gas,
but the react avrrtgs 3t @ dechepetic aagveh Ishaging e @eardngeseratich waik tidizingt er

di sposal |ssgee§ro| IIow the renoval of the gas conponents. To avoid these

i ssues, the ﬁ?asna processes are used, which however requires high
energy and hi g? Vgllstc‘??&memt QH@%&%&% %ﬁ%le@? §é”e?a°ﬂon IheutiBhaseof the

i nvention utili 8 uce efectrons or 1o0ns necessary
for subject |Vﬁrgmgretec§e§a9r@r'ewavees to inpingenent or bonbarding of the

el ectrons or ions in the gas phase as in the dry plasma processes, but the
electrons or ions are produced in the liquid mediumat relatively |ow
energy and rel atl vely | ow voI t age. According to the invention, the

el ectrons oDeta 30 L BB n the |iquid medium by using

el ectrol ysis of the I|qU|d nedlun1 In the conventional electrolysis
process, the pdbefalipwingsigseiptien piesentyprefesied arprdimests- s dreerial ‘?é%:/‘lsr olyte and
there is no nS%t@Qs‘é&al%'n&ﬁbﬂl@uﬂlngkéﬁb?émuprs(‘rﬁhuee'derelhmordhdﬁmpbse gfdestnibiagt he excess

Sloglcz Ir\?gsl grﬁgl gepn%{arll grlrhCéoe é’f‘héé %g%n(fgﬁ'ttﬁg %J:dp%gbf E@fuﬂﬁ&%&s diRtes of the

des” or 'the anodes’is needed
by, for exaﬁpﬁumemﬁﬂ¢%m$lng the materi al s, surface conditions, current

density, potentials of the el ectrodes, such
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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that the positive ions such as Wions are renoved fromthe cathode, with
the result _ that the liquid Mediumis left with excess of electrons. A
nmeasure for determ ning the excess electrons is oxidation reduction
potential (ORP) of the liquid nedium i.e. the electrolyte. If the ORP
noves to the negative direction, it indicates that the electrolyte is
reductive and contains excess electrons. Such an electrolyte is now an

el ectrons carrier and can be used in the nethod of the invention.

Anot her approach to produce the electrons or ions in the liquid nediumis
to use ti mepiaessengare|used, rwiielyhewever iaguwires Hyote enerev and figh Meltage dguency of

the time vapyhpgd®hegds MIRAURA! THe Metied ¥ thélinlerftiod etilRes Qﬂiqd’@ﬂ@&lumttbe ORP of

the liquid nmediu an be shifted to th ive dir i is
desirabl e t 8" Bc%sei‘%ftrf”f‘? tHe!Het HEESBYY ?fﬁ sl%ﬁ‘\/grﬂgl gj L ggvamga e of using
time varyi ngnmtgeotenbosipnetidingrefes electrdngtor ma@sthﬁmﬁ@haﬁeo@ueﬁfse Mduced by

el ectrol yzi B{AsﬁmQ rédegéélsdbm Hl@btr&n@rormrmé grdat]ééanh e BRG MBEOmSRawat er is
used as the medi um ﬂ]nate When the |iquid medium

Wi th excessr%?“%%'ly aleia 4 %‘gﬁgﬁ%"t‘eg' Yf"%FRe f1ue gas cont ai ni ng the gas

| | SO. b th
mgﬁw ?Zact i vé'ég %’&Q fedhe g't"?&%?ﬁst%efrl?& r9rﬁs29r§$%s\r’\§a% b 8%4108m"£g'?‘%80ﬁds gf t he
gas nol ecul emdmnebsudiigedectiotysigiod that liquidsmediem elndha eervertional qleatiglysist he

di ssoci at i ogrsalsd ?1% FHRAVIRAES Yol bR SredlaRifBed mltﬁérelebtsouyté dhd glRNENt S,
el ectrons, ions,

e radical s, .ener e, ll found t hat
an i ncr easelo SXTEHE e&fm'bﬁtfgj’ghp'g’g”?ﬁgr ﬂ}/%rger tot‘frg%“é’eg%ﬁ)ﬁ % ? %8%%%3’ fand N2 is
det ect ed anibnaethe setedtive ddntrellingrf thgepreductivs rafisriof the pasitvedonsa@ethef t he dr y

pl asma whi cpe %a% Lorng’%t %%th@ﬂéﬁ“&*th@@ﬁé&\é is neede§'b’9%r &hghpld, Qb'rhtk’bllﬁgdl umis
used to provide ntainin e net hod

t
of the inveH®i "f‘\te”?'ﬁ sprgaqelqgg&}or}shg rre%hgeqsitﬁ@oge Bﬁ%gf tﬂ? 8%3{9 eﬁ %uc ween the
gas conponetitasthierpotities ibhuusicgas Hihstaneremayed tomdts cathagedwithhide gessitphase

reaction be{q\%ﬁg@ n&ﬁ]&’ a‘gﬁ RGO RRUMR BhSe sk B LIB&rdnk UEmBastira¥ofadtehigheekr ons
carried by t med

i um ta e e Hence, peasures

need to be ?’éﬂ?é?le‘%”%‘ﬁé?@‘r‘ﬂat'?%@ P?fgﬂlpateﬁﬁa&@&’b@i'ﬁ%ﬁﬁrﬂ ehdP VS ensur e

t he gas phaslectreet Ifohe tORPriocesdto the hegtivealredionpiti biingfey thauihe t hat i f
the liquid ,@éng\thO NO or
G2 wi th ¢ hEEPTA e é'm%%%%&ﬁeﬁa?“*ﬁeﬂ“p{'ﬁﬂé%u ot ''n The

sol uti on. A§'e§t£Rﬂ§ CRKET PGt @NPGUSEH I E%QG{hSdQﬁtﬁgﬂnvht@"sol ution will be slowed
down by the buffering reaction, and it becones easie d t he gases to go
for the gas phé@@h‘?r@QEW?%t°lpﬁ°"(}\‘iﬁ?Hﬁeﬁer?go'ésa%“%l"é%ﬁlh%@ g}egluguf)] c?? to the

i Npi ngenent tigé valymgeleetbmagrefic wave. Bytconhalingabe fredusocy efshartive bagikegn up to
their reSpeglreEtY&naQ_anM\/@lmﬂfn aséétpec?éoergﬁég He ORP BBthe Aguid RedibmidaRbeng

conpounds ar e_contl nuous necessar 0 cOo

O o e Baes BrpAGHR e which SediaBe i B8 Soed p e SREBRATIEY of ¢ e
el ectrons. eéntiohi $\nr edaotage t dfeusimg hiowk edryinbeclestiiomagneic waye dhdeatgo in a

closed | oop g ﬁ%ﬁ% 'p?o&ﬁ@fscxndﬁé%@ l!) %lé'cﬁol% WB lisui nshant foy Sxaepiar ged by

either el ect? ysis or-tinme varying el ectronmagneti c wa gcess to

mai nt ai n t hehleinegas yhes searajer isirad asike W@t’@ ¥, %H&SFE’BI” {f a pure gas
phase reaction, the chem cal_ properties includi 2’% { g}ng\gcé’l vity,

al kalinity of Y¥entheyliaud mediviimvit gxgess oh elesiigjisceontacts Wity the e 88t or i ng
sol uti on tocehshiag hd bes mldcales B pINIReartd @6, the das rmotpoilasameuld that t he

buf f | t
anstegmsop‘éa ibel gtthé%ﬁ%rﬁf%%%%%nééngﬁ&rém s&mﬂbﬁe'ro@@ tﬁé@}{en{.éwbérmal zat : on

neans t hat ph@%@aﬁtm@w@ éffelsati’l?‘?ﬁgtoat"biaf'%"srrﬁﬁ‘? rﬁ?ﬁﬁt%'ﬁ?ftBrP‘?{ﬁ‘atc@ﬁdl tion.
There are nmgR¥ocRfue @f thebytsf bletuwes mtcsaﬂoum elesents eshibaglernéngs, | eleptiods,nmedi um
These buffef s qlre%tr'fnagaﬁs %ﬁgrgg%nb'ﬁ%qlkb nehyd t%éﬁlfJJ%d%at%HYnc?éHgQ& Aabign thereof.

For exanpl e, it con%al ns a, mxture of
many di f f er ehexypen pepel Pﬁélt[ﬁﬁPr‘i’Q‘%'a‘r?fo@%t% anglmzﬁhg?t@%tedﬁ EAHES and the
l'ike. The typical individual buffer sqlutions include but not limted to
acet at e,



2-am.no-2-net hyl -1 , 3- propanedi ol , 2-a m no- 2- net hyl - 1- pr opanol ,

am no- | - propanesul fonic acid, ammoni a, arsenate, barbital, bicine, Bis-tris
pr opane, borate, cacodyl ate, carbonate, citrate, L-cysteine,

di et hanol am ne, diglycol ate, 3,3- dinethylglutarate, ethanolam ne,

N- et hyl nor phol i ne, gl ycerol 2-phosphate, glycine, glycine am de,

gl ycyl gl yci ne, glycylglycylglycine, L-histidine, hydrazine, imdazole,

mal eat e, 2-nercapt oet hanol, methyl am ne, 2-nmethylim dazole, oxal ate,
phosphat e, phthal ate, piperazine, PIPES, POPSO pyrophosphate, succinate,
sul fate, sullhistiwpingermenttiasimilants the qase ©f the diyrplasniraWBich ieiEres MUCBt hyl ami ne.
The bufferiﬂghéq%gkbpns may al so be grouped as inorganic acids, carboxylic
aci ds, al cohols, oxinmes hydroxam c acids, peroxides, protonated species,

sul ‘;)i nic & sul éig@é ﬁme%%ig%edﬁfngis%&l ﬁﬁbr&g&é’ %%snﬁ&éoﬁt@ﬁing&lﬁﬁ' élecronam dgs and
carbamates, im des, sulfonam de anni. di n r ate

het er ocycl e&' 'OHﬁH%WEIhSQiO?t@ HW?’B’PHe%,'S H%#@“Sg% @@Wﬁ@%ﬁ%%@@ns,

am des, ket betesen ffiet gds| @spohente irotharfyaeaas aod teliquidi ediugiardop ¢8s

SE' fORi um Ehﬁsfﬁi RhERA b%t\ﬁégnf fﬁéidﬁﬁ_e&)mp%hlélfté)me%e RidgaS ancs Hecabtrms amoni um
phosphoni um ponat es osphi ne_oxj des osphi_n es. . mnes.
Since the f Fﬂge‘ga% 8@3‘;‘?{“&%‘%"9‘5’1 ?F{?S?tptlﬁcg swﬂéﬂgo%gsﬁg%ﬁpﬁﬁgﬁr% r&?fg o and
NON, there b# ltdkebdo poewget ihegiquidaritase eadyen iieerder esesurthieedagaRtese By
Selj_ec“ vel éret%ugt'h W ! p%rbc%téd{ i@%amdetmlsu%risii@ﬁ fduﬂ?lﬁﬁatpl_fm@ﬁiﬁbitj&ﬁedﬁm e |tlh qu:c |d
medi um an e contact tenperature betwee e i e flue
gas, the gablufteospHiEhARY ﬁﬂ%lﬁ?dﬂ‘éedz’a?ya & *e@8é8‘i Pbé%{h ﬂ,&n%ﬁ@t#g%@ﬂﬂg to the
met hod of t il bermeetnalizesh by thedufjersn dergsbiientAs ob theaale ferrite srS 9t%he r enoved

ij“ one paslszzh%%f%u&ﬁvﬁlfbté%%%@a%ﬁﬁ B{ﬂEheﬁﬁuﬁ&ﬁ@treéctitan,géhwrbepcﬁaé@éersie!atg)rnowf_to Ehe
rawings, Fig. 1 illustrates a system constructed consi afirs
enbodi nent @%g@ﬁ%s tﬁlggz%rﬁfﬂe 5?%?\)’3?1?%/@3?“%”6" Yvﬁ*lcé%&%gmo%ézﬁke,ggﬁﬂ%bg CtstF emis has
a tower, antheampiebeoentohthgeiastrans, on tial shecgascoaipeulesi ag bepkep pg to éﬁéct ron

generation pahLctigd Glerflentf (R ibeIRdritd YoBf) AAtieOBuféhhd c3mBodad aret hird
el ectron generation unit

23Q.. These el ectron, generation i ts arranged
out si de thec‘?r@ﬂ}équsk‘(rﬁ?"ﬁ‘ﬁﬂ%gt'%aeﬁs?wf‘?’n%ontsg%@?r ﬁapghéfp]e %Ilgép}{ﬂ%i sr'i@é'? As shown
in Fig. 1, shes toonake ursfocthafconauntption of theelegidensaF¢rithis reaspa,gbe methofiocat ed at
its bottom Rﬁhéﬁ&emnsﬁa@%dé 0 b @M8ed i8p Eistarh irsWiagethd iQui@Rddrintibi rd st age

130 above the second, stage 120. flue gas.10 enter he fir.st age 110
via a firstCensfastly iﬁarl%gz’%’e‘?fgﬁﬁ é?'ﬁg’%ﬁﬁt ?rotr'ﬂ"%f’aﬁyﬂg ei?eé:;rgwsgnefg “z'fri’ passes
upwar d and plecessgh ntaivgais thestettren agmplyl Aheartht syistent iiundergeingye PEB®ato exit via
an gas outl ﬁﬁ s%é%aéﬁgn,tthg A Tprdafick YEidingTHiE, RhQGkiligNalGAMRY 3f hen units
210, 220, a,oﬁ ,Br ovide res ECJI ve el ectron streans

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-methyl-1,3-propanediol, 2-amino-2-methyl-1-propanol,
amino-1-propanesulfonic acid, ammonia, arsenate, barbital, bicine, Bis-tris propane,

11



for the three different stages 110, 120 and 130. In the first stage
110, the alkaline or acidic nmediumcarrying the excess el ectrons may be use
to provide the electrons and ions. One exanple of the alkaline nediumis
freshwater saturated with MgCO3 at the pH of 9 to 11. It is critical that
the pH value of the MgCO3 solution is nmaintained at the range of 9 to 11,
which is equal to the pKa value of MJCO3 in water. This ensures that the
MyCO3 solution is operating at its nmaxi mnum buffering condition. Under the
maxi mum buffering condition, the |iquid phase reaction between the SQ2 in
the flue gas and the MgyCO3 sol uti on woul d be suppressed because the SQO2

first needs tRrdi€aabodididl ciRJoRkte! OtrBeVE cydidine d?é?l‘ijaﬂoia'iniﬁé','gﬁg'l'l coittd B

tral 1 | ut .ete th ' eact )
' the vocleetup Bl sBendRiulfe, Vet Virbrilpias colussiel hsbrale & qui d
phase read¥chs amide. tglvayighicinee givcHelvgrolysiee, | L-histidingh Aydrazieac inidaeols; ocess i s
very nuch rsdlested 2ehoevcapioetharol,t ethylahfie, | DenetHyiiaRiazolblovraige, phbshatdie MyCC3

| uti f t f ith th
i o phan ke HFEaAE FIPEST PORED, SRR GeeE O IR ST B e

reactjon ta react ) :
the easi e?grf%'ﬁtag'dt 1198 V'Sti‘a?ﬁ@m\gﬁ’st”_ Werineeact | on. In the gas phase

Feduct | ve ol e enemSscl i e ai Behbupst &< okl 3BT AYIC e 90 X
The hi ghl PPEdcPIES INIPTARTR 26105 Rsoxidets ptoRAt PR o Pl & YN Bhase
reaction ta§ides Rsptarated onitragasy eamines,g #nidE, . amileer anchecarkamated, fideshe gas
SOW t he GRforamidd)eyuameitininyi Hydrazones, pastindted hBRrdegaed, i MBoxinie akidog -
However, TehfaiRbd, [RRbERIGO M LRBAmERS, NnlEbd. kSoRdC RS, R¥teRiroliail 4 Phase

reaction. neu tion"process,is_require nvent i on and no
addi t i onalsw@ﬂ?%’;ﬂ‘ oA Spﬁﬁgﬁ'&@a sufiimigrs §iseiRxinagsysHifanes\eipers; selenidesnt 1y, the
f r eshwat er@mapariuny essphonivel gdwsperfatas 8t phpspabiner oyides, pledspbinevexidesyoval  of
SO, over ahines. gases. Since the ORP noves to the positive direction after
the SO renoval, the MgCO3 solution is returned back into the first

el ect ron gen&ingeitos flugpas cardaing a twixtuegefithe gasdornponestsBQy, Ok anddN@,, ve ORE' .
I n the regerenil bedtonifelifg seactidrischebiibanttheis th@@g]a@és.[? deRctidlecdMirolliR§ S

constant ] £l i ) ivity wat er . par amet ers
al so rerramé P gmggde% 'Bh'?ﬁ%%?eggﬁé?gﬁw&%ﬁd}y@sanglr}s%%éﬂgigtrltafnggrta&{?eto show
the SO, r &FBESEN the "ﬁwgé‘i“ij’&?rﬂjnﬁ the,flie gas haHee copwepens would berpeateénpval of
t he gas S@spestivelynsitive to the conposition of the liquid medium In sone
cases, certai.n stron ioni% | ements shoul d be avoided in the sol ution.

Ot herwi se t hé\cF‘?rEi't'}Pdg Hig-oet P‘zaﬁﬁtheﬂw’ HegasaePenents §0xphasand Nket i on,
and t he | inayik¢ reswivednrcenenpassiibronglytnes differdnt Sthgesedfar tewer Referd®y ndve

pr ?V: fledt et tWe edtatings,§ Figst1 Sﬂ@w&te&l? 9@nt !&Sns(‘ij@féféadc&{s%t%t Ligith tafﬁ%YOi f' the
infiltrati Y r . of Neel contained i.n seawater .or other strong
i oni ¢ sol Sﬁ% 8%@’1 v ?éfnﬁ\{e%é%%éfé@ﬁ%ﬁt@lﬁa&fr_\isz%mlo?aﬁ"meqthgeesy\é@@ 3iRe A QWeeous

buf fer i ofNe 2BHeRtOpHENGIAtien sHHsMreMpsaing asfirstrleqtionsgeneiagon gnir@dP.uan  For
exanpl e, secont eectronhgenkratiomtuait 1220 anti a thirt eleztrongeyerdiidr enienso. iebers

i ncl udi ng efRfrelP §aiRatiohUinkE BLHrandBI D0RRERe toWRY a?&ﬁg&l@%@t&aﬁ%tﬁhﬁe fowest 1iquid

medi um asg, | .as. the solution I's operating at ose to or equal to
t he pKa o?hrf’%'g%%s"ﬂ?f'on. As di scussed above, when the buffering condition

is maintained, it becomes easier for the SO to undergo the gas phase
reactions iAssread infFig. He thd lqwedis pbatgirédeRahdads a first stAbé a1mpichtelay its t he

aci di ¢ - me g BYedfg !é%% gizﬂ 0B dfd: SBlRAG0 Bhf 2 ﬁflbest‘éé?@ Eodle sho'e actdic

medi umis sul furic i Iutlgntat%?, Ho i L e acidic
medi um i s SEERMREES s 825 4P eptelibR fitsh stege {110 Ya afigsl dnfetdii? ipsated abop gas

| oad beyoithe beitormof thel reactoi 0 pad edssesoupmard biid threughl thalsenenchstagal 1DUf f er

sol ut on_iaAd Wg:ehird! 180 ABO 6 X vieDEd! 0BE B 1EoPKrRAlop! dTand bl The L he
supply o r S c . ahg i i s _happen e Wi

enter int gﬁeltcﬁcgﬁ %ﬁ%rta P%qn uﬁ?}%fza%ugfe‘d?t%g g%q P@orv}%oﬁeﬁf’?c&ﬁe teié%%oﬁtrr@a'géi di c,
hence | oses its buffering capability. Wien the sulfuric acid buffer
solution is used, the buffer solution can maintain its buffering capability
wel | enough even if the SO2 load is expessive. O course, consideration of
the issue of corrosion of the material for making the tower or the first

el ectron generation unit 210 needs to be taken, in the case of the use of

t he aci di ¢ nmedi um The el ectrons are generated in the first el ectron
generation unit 210 by either electrolyzing the MgJCO3 sol ution or applying
time varying el ectromagnetic wave to the MgCO3 solution. Fig.. 3 illustrates
a schematic diagramof the electron generation unit utilizing electrolysis.
As illustrated, the electron generation unit conprises an electrolytic cell
310, an anode 320 and a cathode 330 which are positioned in a spaced-apart
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separation. Preferably, the physical separation is realized by

pol ypropyl ene (PP) or polyethylene (PE) filter clothes. Use of the physical
separation can physically sl ow down novenent of the ions in the

el ectrolytic cell, which is sufficient to produce the desirable effect.
Wth this nechanical PP or PE filter separator, the issues induced by the
use of a nenbrane between the electrodes are elimnated. In the

el ectrolytic cell, the electrolyte will beconme very acidic at the anode
si de and becone alkallne at the cathode _side in the electrolysis process.
I n such ver jorhsi thitee diffecenasthags He, BANEdAd®ent s, the menbrane is vul nerabl e,
and the handling of these acid and al kali ne solutlons is an issue. In the
i nvention, thelnathedtysi stage aiipethenpikaling qopadidic prediay caming desePgfat e t he

anode from bié@tr&@t usEb&prevuuéthe@lelafr&f&wﬁnm Ofe eaintblecof vt #italimnd t he

t | ectr |k t | d
SHOEE e et e e
the el ect roplisake Oﬂ'ﬁnerl\&Qﬂ golutien lémaaﬁﬁllm@ Qjét@ FABEA Qfgd@ Thevhishds edraliuri ng t he

il iCt rolysi g R{eoﬁi@as%alué\QﬁQﬁéb@glnt@atéhﬁ'hlsn&rﬁﬂﬁéﬁotﬁat 1hE Mgcogsdxutmhs t hat dt he
+ ions nust be e_wat er...at c e an

di ssi pate hﬁﬁ?rﬁ'ﬁ@n abé@ ng;aﬂinghﬁp i Geadien) Wn g (%lrnt%%r'ﬁg)gm{"@ (B:)r eate excess
el ectrons i nonditwnyihe éaquid merreapbvlabetwertﬂ‘ieSWzﬂrbthg flumgasrnddhg Mated by

gont r?' I'i ng gbiBgondeRid beupt r@%dsde@éhs@flheté@ ﬂﬂétﬂ%dst%cthfh@Vdi)@Sdl givoni ng,
I recti on,

I surface ndi e | ectrodes.
Water flow Iaf"i‘E‘ %ré"lr‘g 'szit?@e'ﬁlﬁqizﬁ%w Qx{e} ﬁ rsl%}' Er’%{oecﬁh\% ?eetp %F i o(?] Anot her
met hod t o apbasstreadiion. If mrmamwﬁnowm%@éﬂvawm@x@rs elqoirenfy St @r st ream
f rom bot t Omgau?d ﬁ&gefr&acﬂ&mume oL, Qﬁougntnénmawéhﬁhefr@a‘dub@procéssmmﬁl ! er
stirrer or strong air, |i ovid rolytic
cel | 310 to”]”FtF ls'%’("ﬁ%dﬂ‘(}'?ifjﬁegg’ntﬁﬁh’#e{'ﬂ%n&%ﬁlf OV'PeVS'i’ Hweg\/leéé& S%‘u? ré hyérogen
gas i s senshss ae ekaess [of elealrans, thesel e@ntcbnﬁcwqulvbcmﬁ wrﬁh pesliovidowass t he
el etCLr ol %/t € !ldn"te?gacpdle?SOﬁAEtgﬁ'cheih@@hf Qby\tvblﬂd aRb the chBier sleasd Q@foyt ic cell
is therefore desi gned ctr in
posi tion thie R Wd?%ﬁ'@ﬂ '5&9 anBE?sftr??ﬁ%og(ttﬁ? %@5 &° e@@gs I%s’%raace is
pronot ed. Tyl isalnggmeriteof dheebighlp Irgaustivsi glectrone td enwerd o axiogh ges apd a

position cl Qié?nefwﬁl dUpstardd Sode. The material of the electrolytic cell is
also critica e material is selected such that no electron is drained

of . The mat er el niyfy REGlcRlcARbatud 1BODITRLAL0DGmTRIRE! bolre hd g2t prRbal | | c
material is require

meet the strugbref'mg{ren @mregsn Jthe
el ectrol yti 6938%9’1 tam?s'?'a?‘?eto ri”ﬁ%‘f? Bp 98%3Ped Addetrve "mat eri al
such as epox)R,P ofi thermediars syill Pvi@e drack td e poaﬁvend"teh@noﬂodl&v&ro?her@'éluctl on
potential ((Ind %ﬁﬁ@éﬁﬁdaé ot e .ee&aaacﬁe MP'atny uieliphgel resmidiy NG00 to - 500

nv, it indicates t CthﬂS ar e

presented i ﬁe‘ftﬁézaé'f’%o‘lr?ﬁ’ls%'% re%egﬂ'é%é‘? éﬂi’??tlﬂ”y? E%rardﬁggnﬁl Pf'@lf%%cessary
reductive ebeduceania the My&hsohtiorh dagadmpitasty, theatreshwater 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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Si nce 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
el ectrolytic cell to renove quickly the hydrogen fromthe electrolytic cel
310. At the sane tine, fresh air 360 is introduced into the electrolytic
cell 310 to control the concentration of the hydrogen so as not to exceed

t he hydrogen concentration safety limt of 4% volunetric concentration.

Fig. 4 illustrates a schematic diagramof the electron generation unit
utilizing time varying el ectromagnetic wave. As illustrated, the electron
generation Otierwisotherligsiéphase maktion T0ay euedakevibe Spapkasedraien. (e gt ennas

420t ?30t ﬁ“?&ﬂ?& B8 tahitR b%%e@%e%@efé@l Hish&YRr is PsviRldartween tlgener ation
uni urther conprise r oma

connect ed |ﬂr35§?9‘"e§;100@1‘\/\§8%ﬁ9?%8 "‘?ﬁ%g@ﬁé‘&?‘f%%é‘ ﬁﬁtéagﬁn Or%ged%%rﬂ'g% and a DC
power sour celacbegptairbdvin tshawdier @Icemrrsanmgr@elplselumf@@ﬁ@r%cpws@%d 440. The
el ectronngnm%dc wave generation card 440 has a variety of ranges of

frequency, ich all fall into the scope of desirable frequencies. In this
embodi ment , - Ny dleSid GRbSESALSRE! Biic 3@ viith hidNBLudl 4. hkhist t o 500kHz
with a tine varyrng range in the rommcr&?ﬁecoq%sant%f%%%pnds
preferably figdig ﬂ'@d'f“%ﬂnﬁ%’ %@”@'%R?—@”ﬁ% ‘Wﬁ}co'}%ﬁ? ar Y R&"or der  of

5kHz, 10kHz pufdkirzluding carhenaté, eciphatde, pinswateasmapbe U%ba?aﬁhé figgt Eptssed in the
NQCOB sol ut h{%ﬁ 9!0%’@&@@ sBIRftis B&Iré‘ﬂrfg%@the%i-l'cﬂﬁ@b'ﬂgorte‘auﬁlﬂ@lh@(bkabhe MyCCB

solution to etic wave extensjvely vant t he

el ectrode aﬁ?e?ﬁ'i&@”4é®d'sﬁ%(§ rago z!@'@a)% e”Q%c?ﬁnqAﬁ 'Strﬂ (}ta'lé?ef oper ating
with the freq&wmsleesertformeBOemxndb@obmgaMG@r@geﬂonﬂ' Inetead etthe bdithnet i ¢ wave
form may be jn sgugks wave, sine wave, saw tooth wave, triangular wave or
the like. TR& &l ecirode antennas may be made of a material selected from

metal s such aSAﬁ@r %ﬁ@lkuﬁ% Qf?tflc': WdivR &Rl b QBREM, thaBfrl stayd des oneh as

i ridium oxides, ium ox| des or a m r or ot her
conducti ve ﬁéﬁ"w'% of tip, acidip gj5aiugt 'SPH'&‘”@I%'&WBB‘@E“‘#@%@’E@"\zlg) ?Q%mgccor ding to
the actual bélgit atddmb io advadtigeownaspedally aven tieye ba sudderoxiirgesn S0p gabar s, di sc
and other ggQ %Hn&\ﬂa{ e ﬁ&ﬂ'@?ﬁntl \ﬁé\ nfj'lfftiﬁ@ﬁlﬁﬂfne%%'d EtﬂféEs&th?&ﬁes the

vol tage require | ectro %o naintai n the

i ni num cur Heask thee%iﬁﬁﬁ?sé’ﬁ lpagt Ofeb PRy Prl’?@k ﬂ@l f’r 'gﬁ"egsé'ﬁﬁl?' S PERT"S ¥ he
el ect r ol yt einsufficierihanl i brés Bend, thd8OMYT@Btes ditaithecreliition and Fausd the t he
negative di Bﬁfetr'ﬁ%mn?ﬁ/ t&BQ&E%(ft QCI&QO}‘?@(me:l&seUIQI BoAT t:é}:%bnﬁth%% sol ution

carri es excess e IS sult for t ﬁ{] ction in the
wet plasma 8@ el buffesaiution dd ysep it PYfer selu de" 2y ?Shéq?BBg of the
first stage cdﬁb@;l:@ﬁﬂbll%ﬁb@@edﬁmgoadr hexddg€ie8 Qf obwrsé, wansideratipha®jed t hr ough
a type of sgre oLl {:f éo‘?#o%%h h% Sorfal Rk n%mgﬂhé NovdrJor tﬂaé flrsm%c%m angenent

of proper siZze |ra nozz es_an er siz irst stage
woul d | ead g@neaat@@wéai mﬁ?ﬁi tebgakes ify 60%‘?&£P“3\M%F8ﬁthsa{>'ﬁ"’ﬁ‘%dl Y of the
MyCO3 solution is fornmed across the cross section .g Ldeg stage 110.
Al't hough the fThereleatransaje eparated in the fiesh eleptEqnegRnef °‘bPB ZYERY SL ont act
time betweegstiRayAiigure WRECRRAIUtitreorRArRYNUdING teoyingelettromagnéts ware iphase,

because t hemr ﬁ\ﬁg(fé(;) s%lulagr]i \f-‘ng@ |lﬁ1?tg?tgsa€sc§1@ﬂmﬁmagﬁ%t’ﬁ%? {hg'é%cfr&ké‘e%eliﬂtl@ﬁe very

fast. The t cross section, of the first stage,
such that t Heit ﬂﬂ"@@ggfé@tfp‘ﬁ/%ﬁ n‘@s Upsireted: feofiediioR gsa?ﬁamﬂ Bﬁ"t f%‘é"“ﬁ?sr 8% stage 110
l s forced t@ecRiifici d2ll 316041t asddevdaoharidha sathtden330 Wiichobret pesitih@Ol 8ol ut i on,

.e. with the ele NS Ga Lisaay, the gas
SO is subj 8%21 eg SS%rL?ekﬁtoﬁ Jfﬁé Er?oo‘e’th ﬁ)\/g&ﬁédé %“ WSHQJ? seancgnlg a

ctrons %? di ssoci gu ed.
It is under sttrsialst $tigh ap ﬁ“@tadﬁaﬁ\faaﬁ%'@ﬁ?agra%?uﬁ%?@%’o%rp 'B'ég(il YA 889 have fine
m st nozzl eg.ogm\ mtelﬁalsl TRE caftiotié aadyl Ve intader ofemetab ntayialsder gearhiteum cont act
surface and maxi 0 o ium
Contrary to“ipﬁ@ ycB'ﬁ'\Se Q%;%}héf;ﬁél at%fgégg'e%léﬁ%? %%Atg'remg@esaa@%et hén?? éin avoi ds
the use of &hore qmdsmeﬁ@tfngqiq;gresque@teg byUmBaPraps. iepie mestosye oﬁéﬁﬁc re found
bet ween the msts, which would affect 1Ehe ef fi cacy of the gas phase
reaction. Therefore, the type of screen of spiral nozzles, such as spray
screen and m st screen, is properly used in the invention to formthe film
bl ocking the cross section of the tower. It is surprisingly observed
that the MgCO3 sol ution carrying the excess el ectrons, after being
subjected to a treatnent of time varying | ow frequency el ectronmagnetic
field, would greatly increase the renoval of SO'. Therefore, neans (not
shown) for generating an el ectromagnetic field which has a varying | ow
frequency |Is arranged before the MgpCO3 solution is introduced and sprayed
down into the first stage 110. For exanple, the neans consists of a coil
wr apped around a piece of pipe to apply a tine varying | ow frequency
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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

el ectromagnetic field, the current flow ng through the coil or the

el ectrode antennas and the frequency range can be controlled or
pre-programred to suit the properties of the gas to be specifically
renoved. In order to further enhance the renoval of the SON, drainage
channel's (not shown) are provided for imrediately draining the MyCO3
solution once the solution hits the walls of the first stage. This would
prevent t he ssgdrationoPrefarabny, tHeqhiysical deparatings tpatized byeolysroppeps (RA)@® t he | ong
contact ti g& g&gyl%u% FJEZ'W& Jotidsatte 51“9?1&‘Bﬁfsncaﬁ&d&ﬁ@h‘%&ﬂaghﬂkﬁ%low he 1 ong

contact ti e contact surf ace @g%\@ % ﬁo . g he sol ution
shoul d be aeveEwvegergtEeims i ke dacolyitcaljiuieh s supIeT A0 PIOAYGRI? hyent i on.
The second sgksigBlelsh@cti With atié hguiianitat BP e RBVitlerGERarkton the iseuds| inducgds.

5[ ggtei ‘i‘ﬂ)' yﬂ@le lfsggfaWb%rP%eMﬁttﬁ@élh&}oB& %@r‘nﬁm‘é@d}’lnﬁm&&%lwa the first

as com ng out ?\%mt“ni? |rsfk|is eag
general |y c@&ahthesslectrolie V@‘é%“@ﬁ‘ﬁﬂ&ﬁéﬁtdéc annde NET 2119 hesqing alke principl e
that the pKanotathbte bideuh dheretictiolysis pegpasd. It csuon vefyosedic andhakadpe val ue of
the liquid nﬁﬂ oﬁmehé ﬁ\@%%&ﬁgkg id 9u|£é}§b|§e&rﬁnﬂeq{aﬂglﬁwgla‘(}hesg‘%l@ afi € Nnumrerous

sol utions tha to renpve Gg ﬁ\,@'? pKa and
t he pH val ualkaline sapsiensds paisays, %‘B?é’(‘f?’éﬂn tﬁ%f“"‘@?é??ﬁr%pe <) Fth or
wi t hout the bagldsda kosepafatdie@odanomithe cateode. Good is v piotiuasion @mclﬁle moval

thr ough ¢ he 483 RIRSS RO, 1 AHTWbLAhe IR okl e MICTE

under the co £'on"t equal to t'he pH value may be used as a

nmediumto perform.t at rated
With My C03pat ?rhthns %P%n%%\ﬁ?akeréé Usehrysﬁhéelm%q'hé@l% aném & th§ u

is used GE‘Q E‘? Eg 3_? i qui d
medi um t o g@lﬁéﬁ@lﬁeﬁ tTﬁérei%%d’r?QChkﬂ“a% qas ypw'balgﬁ@eﬁaﬁg @ FUCYFiBns. I'n
t he second %’FO%GQS JAZ:Qord:h@tb g\aSn\@ﬁﬁon & i§ oriticdl that the Hf éie cwst be samvdved] |y with

t he gener at .an ¢ ?{h gt tﬁ@ ggdeo@d) 60%%%@9931%39?&0@ éléglag ARk} akr ace

amount of econ I'S struct g?ﬁ gf the first
stage 110 amdswqu lin erger tBéfeéieaﬁ?fﬁ?ﬁte&ﬂmﬁ'é?‘éim‘? waterk e[rﬁ@qu P &% on
generati on ygy tb@h@ectémqbysmtmmgetrecdépﬂm ofj émeessidnoof thei ¢le@@@epribei di ng t he

Pﬁgefjg;y Ofel g% Cl)n\?;:ldlrecglog %0%9&9&%?&%%&&%9, Bfq Fn@%néM Bgtg?%lle@ﬂl[]&%%, r (C)ng Ih:l sor

been renpvedVater floweJOQ@'tthhQiS%@f?@@ ‘U?(Fte eivelrager “ﬁ?éat'oﬁa'%n Bar & thnt o the
third stage ;gq&ttRd MseratdhF MydriRnNOcaBdstRny ewter Stredrh framtwitomdé taQaR. The

hird f
; n:jr Cth ﬁg\e/ énlogg g#svg%%rg? Igﬁ’tﬁrg%lréccﬁox[\ eﬁ(@%ﬁell%‘%trrreﬁh@r%ré Qﬁahfgﬁr%wggm ggt ?oﬁo

| oadi ng supppeipeayided it the eteﬁtiff?[!d'("ﬁ?&é@ fodift thedyeogen Pfﬁthfaﬁ‘f‘ a‘?t‘%i@%tﬁo‘f%e i quid
mediumis preferably to have a very high pH value in order tq.create the
envi r onnent suﬂhabwogmgqsru%sgﬁgw?)%h év‘faéﬁith‘é?‘i' anf rtheeyctioppstian @l v - e t her
freshwater @ge &8@W@Belﬁé‘r@tﬁ'®t |ﬂdhél\blbl§trd\&b|€%n dhetdneetrpliitia aatigs thgrdforem 10 to 12

may be used d]:ag {;netdh t% cF raw heert-ﬁécgr%lyi)e fol'\Ks-)prjané) a{ Qﬁh%@sﬁuoh@ha@% %fogen
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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The third stage 130 and the third el ectron generation unit 230 for
providing the electron streamto the third stage are structurally sane as
the first stage 110 and the first electron generation unit 210, which wll
not be el aborated herein. Turning back to Fig. 1, it is illustrated a
cl osed | oop systemfor renoving the gas conponents fromthe flue gas. As
can be seen, in each of the stages of the tower, the water after contacting
with the gas (referred to "wash water” herein) is re-circulated back to the
el ectron generation unit as a source of the liquid mediumto regenerate the
pl asma cont gidatidiPby N0 e s SaY, it itdietdsr tbaisthe agcess rigctamistanémipatange of he wash
wat er i s enerqi t I Q' MRS
solution. | %eahoég%{eogreegﬁ-'t%oghﬁéeiltge@gﬁiyi%ﬁ?@a%%%@? eg%‘é ﬁlleiggbe} J(ﬁlj\@:rredi um required
i s | ess rel gdpstiyp plectrons tqﬁ@}f)%@ttwsdﬁhaﬁ?@ Fifenti on can al so be inpl enented
in an open | oop system In the open | oop system the |iqui umis
ener gi zed onceSib§e hyfsogenc<as iy Pipsicedy thepsafety dsspp ﬁEOl{VgP?,icg "gﬁmg? Pbmagneti c
wave to achinpeadonea pdfasFddea an dit vérmuri 34nsimbhetad spthayemofitivet eediolytic ower f or

t he gas renpval . The ' ' ; | I ls¥meSihiace the

di schar ge wﬁ‘%ﬂg? r%?o‘&eh\ﬁ%@mﬁ%%goﬁle%&ﬁ{aﬁﬂ?lg’t‘a&g‘l&g%tg m?ﬁb«%p\gg}%l%mi cal fsyst em and
satisfies tfieshdiirsRas igeodueefintodhepledrotie celbioda conilt SGHTﬁeHg?tPBr? of open

| oop and cl gsagdicaen s6stit baeed it hyuregensdoag@dration pajgtyiliiiteof dépendi ng on
t he act ual aﬂ?l itgagé Qn [ %%H rements and the availability of the liquid

medi um VRSP St es a system for removing the gas conmponents
fromthe flue gas Sstruct I 1 1 hérent of the
nventi on.  Thi Sosg JERTRTLS sEiridlethERIT BEE Ml BoREERMURTRRENGED D)
first enmbodtimeneryinguelegtranagnatic wayshaAs fieraed e Feyeneae bl At ts are
arranged i nghriifiskd8 tArRSABCHANVHoShagRS frotid entoonasr420) 480 hubmeegedddi ment, the
systemis als ype of osed : : Iri he. 2, wash
water t ankots 183003 BFuBln SR b MbchT BfRraton s%@?ﬁ%%ﬁgﬁ?g 130, 130 of
the tower i sleciramaggetis wanesgenerating ces40 cmgctedhdn é?r@étq%a'vﬁea e on units
are securel yeatddachrdnise ube vad| snofatbe powar sourca cvapiaerwitelthe known in
the art. Taki| the first sta a : e eneration
unit conpri §|8§%ﬂagpgt§s‘ﬁ'a‘fevﬁ)eng%§8t ?’%rgg“%gh?*é%ﬁ%@ 4{%&? n%{rf]%w?goé‘%n%?ggtigt ely

secur ed ont cand HeOvieds| & vatiety (98 ranges tof Sreggency. TichabdR! bl s 6‘{‘)? #r%m the wash
wat er tank §ddtable HFeRferdtisO I s emBodimehthiend desitablet fegmenddd ardnstpe ayed down

through the scre f._spi nozzI 0 o &iqefi ned by
the el ect ro?@gﬁrﬁg]n%yg tgz@%gﬁ%j%_éoae?rggf%rw&@%i 'ﬁ%n%??g%iﬂtﬂﬁelﬁr oss
section of sémands tegeeconds, pigéerahint the denagrf OkE ta1KHS PEpisHRYY YdM@ct ed and
arranged, tBRiePbiARAR ©RAL DoAY excess el ectrons or ions would be created
to performthe gas phase reaction as di scussed above. After contacting the
flue gas, the yasbieWdR' artenrds SObasgedre dispdsed wastie MaCex sblatidn 1 to be
re-generated. - The arrapgement of t - radd ks inside
the tower woRARY §%?f£re}‘?ﬁ‘& a@%’&?ﬁbg’ 558 Cténé;g@b?gtﬁ%’g&é‘ggvﬂ\}% t%ckrﬁ@a%msltem

descri bed i wavehextbisiety. deadageshly dhowectrqlg anternaset?u4e0 Ao sPa%§li d nedi um
i's ener lgi fzegpaltrps&ﬁ &3t @ef B.|% d%l%ﬁﬁ@\gw mbifre%mémeieﬁ avehievaeg bbsiepedrage t he
external facjlities are elimnated. An v s

ar r angenent %%elteﬁﬁ’tmalgﬁﬁt'cﬁ’faé’? AR s i%éua?%%g%t% m\%ﬁ%ﬁe% fﬁngﬂgav as A

i mredi at el ytrisngitamivaienemthe dise. Dfe elagirage. antuwas seaydte MRER & enarts@eri sti cs,
even adt h}?séléét@?}!c Rbm trieaid &&Hiﬁ@ nﬁ%‘ﬁb&%h@éﬁuﬁh@te}?l&b@ﬁbﬁ iteyal ofidgmr aahici ng t he
esired effect of renpving,the gas,conpan e As
descri bed aBB\}B‘?'”’T‘t oxigesy gthﬁ'&'@sg’ﬂ?eys ggra ?mh)tgarteo&}%?g °t<5'f Srtahﬂé‘{éi. r?ggo'rimron to
provi de a | oogluttivaviettalbalihe shaner offtbe electrpdest HRE Pe oRrethaciorihio WA can be

CO“SHUC]E ?daggalt%ﬁsté{l%fﬁb’n COfRBRLNts EARP hiahGod M foar eBipabhrsgdisc cadminent s ij nto a
very confined space to proyide the best gas, pha tiOf t an
reactions. PROBHT FW?Eé’ﬁ'Yrbtg? Fé@fel"g%e 0 eﬁﬁ%%b%%r\rfgﬁ%%é%?? ggﬁrggm i ne
interior st thectantrodesvelybéearied cvindipthin the miimemeH et reqyEed oRgE8mMbet he t ower

to reduce the backpressure. The m%t hod of the invention has been tested
to treat the flue gas under the condi tf ons bel ow: '



Stages of the tower: the first stage - closed | oop, freshwater with MgCO3
at the pHof 9 toll the second stage - open |oop, seawater at the pH of 9
toll the third stage - open |loop, freshwater with MgCO3 at the pH of 10
tol2 El ectron generation units: the type of tinme varying

el ectromagneti ¢ wave produced by a spi ke card having a frequency of 66.67
Hz and al um num magnesi um el ect rode ant ennas 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

met hod and alestyat gumewdtibe n teé lecttdiye] y renove the gas conmponents SO., NO and
C2 froma flue gas. The invention is significantly nore econom cal and
conveni ent andv*dﬁBShmmRPca‘uSe Myam sotutio & ghifteidr torthe negativé\disectienpar ed wi t h

the pr ocessqé %\?qﬁn lé%tésh lr?rﬁeé REcoL Eolutbﬂ%air@g%%éSQQle&mbléh&S a novel

and uni que fe ure diimis ut uction of
t he necessafsysuipblgfeioig 958 Hhél?fs reagtiafnig e “Fhe*aam%ae‘i‘*%m gHeer/{ ?3 @ gas
conponent s bﬁluﬁdﬁﬂs\pempédi asdTthedoy f iba riest stapghi 1@ antheprapati downwesgk(Theact s as an

el ectron Ca ?IGL&% ‘%@gragé’&‘ﬁ\r&%h tt?ﬂ%eofl%@fehn 'of‘séuﬂ%?ncfz?l@ﬂdo@%ow-ﬁhhs avoi ds

t he consurrp n contrast to the
processes aﬁw éya’b%ﬁgawm% | REORe, siep & theispiral ngZ'est?ﬂg RiehoaE® 8F ®the system
of the invenist e@g@mma@abdoea ofrrece haezlengresdure, tundert Wiigrea dias 6 efi thel t aneously

by using Vei\ﬂé \éy @95‘[ Q,X%lﬂ{ed a%még% GB {RliorF O5the fulgpét g?%’ #10. Aﬁmﬁﬁ' nal

products ob e 1 nvention are environnental d | d
not affect ih?e‘"'@d%l’%f“ﬁ%l't ig puficiant to Repvids dieecqniach imp behye ’E)Fhecfﬁ@p% a;finofwOu

final produah&the electrons to react in the gas phase, because the reaction between the gas
and the electrons takes place very fast. The thin film completely blocks the cross
section of the first stage, such that the flue gas rising upward from the bottom of the
first stage 110 is forced to come into contact with this thin film of the MgCO; solution,
i.e. with the electrons carried in the MgCO; solution. In this way, the gas SOy is
subject to the impingement of the electrons to be dissociated. '

It is understood that the conventional scrubbers are desighed to have fine mist
nozzles and to be long vertically in order to provide maximum contact surface and
maximum contact time between the flue gas and the medium. Contrary to the
conventional scrubbers, the tower of the invention 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 MgCO; 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 MgCO; solution flows into the first stage. The energized MgCOj; solution is
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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
should fall into the scope of this invention. Wat is clainmed is: 1. A
met hod for thenspiaged taferm thepibinefinssoSG, to chi@Rst withath©fize faomaing BAwaed gas,

characteri Zﬁgm'tﬁ?]hl}gfi%taé@%m o Q%FYBH é&r@rattlhﬁ aﬁte%léﬁoxﬁégnetxc flel@)thélont acting

the flue gas w r’p {%H’g dﬁ Ias

cont ai ni ng PEERRE f'%n%ﬁ‘é‘?}tgpd?%c‘ﬂlr“ t%%'e?ﬁ’ ﬁﬁm ntnYs %ﬁe‘i'“ﬁ’afy rtaﬂ gas

nol ecul es S aeecodtibijedicor pre-programgerent suif the heoperiéest efote gis Toobrs in t he
first plas he di ssoci ation of the gas nolecules SOx so as to
renove SO P%())ér?ﬁf: Qq%bgveetdgas b) contacting the flue gas obtained from

step a) with a seqond { iQui ook M@r@ﬂb@i‘ opfﬁévsge%rﬁn C&@ﬁ‘neﬁg gﬁ:

cont ai ni ng reactl ve electrons of 1ons.in %t gas

mol ecul es CEROWAY @resripyidrd for mediate]y eraling tg? N@ﬁg) é?’%‘%”r%ﬁ% so 5 in the
second pl aspis the wanabf wetfiing sthige STU$ abuld preyéntt the sgiatiormfdne fowieg d®IR so as to
renove CC2 %m\gﬁﬁ?ﬂﬁau@'t&? égﬁié’th@gaq%ézgnta&)t \Rﬁé)gﬂmylé}ge Ebifadt stieacgams oDt ai ned

fromstep b m rovides a third plasna
cont ai ni er])g ?"é%ﬁ?ci/éb%’lee@?r’%c"macf Wﬂl%gi“i’\th&ﬁarﬁﬁﬁﬂwg‘l’?ﬂ@f‘f’et%g{’eepﬁg gas

mol ecul es Ngasdrr thelbglgtivh should b bvaidsestposdiblé foe thel gas phasegeantion orie i n t he
third pl asnﬁwénq ﬁnabl e the dissociation of the gas nolecules NO so as to
remove NO fromthe flue gas. 2. The method according to claim1, wherein .

the first, secppd. apg étg'%é olid %Hﬂgurgmy émﬁ@éféopﬂr‘bm HelYftie §é@@?é&ﬂéduﬁ| !I'K equal

to or closetot elr res ive 10nization constant %é)@)
met hod accogliPRgwedd éPéP*?ﬁt@“ammeH?@‘WP‘? i the At BiAYS Of?'éeé?fmiﬁat er
sat ur at ed winkhiug gadenaihgsut freti thé irsestagegenspihatantprioes thagacamiponertts on t her eof

wth apHr 669iapcgNBL(Eme\%isgﬂh&?arinciple that the pKa of the liquid medium is equal to or
close to the pH value of the liquid medium is applicable to the second stage 120.
There are numerous solutions that have the ability to remove the CO, as long as the
pKa and the pH value are appropriately selected. For example, seawater with or
without the addition of MgCQs 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 CoO.

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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4. The nmethod according to claim1, wherein the first mediumis sulfuric
acid solution at a pHranging from2 to 4. 5. The nethod according to
claim1, wherein the second mediumis fresh water or sea water saturated
wi th carbonates, sul phates, phosphates or any conbination thereof at a pH
ranging from9 to 11. 6. The nmethod according to claim1, wherein the
third mediumis fresh water or sea water saturated wth carbonates,

sul phat es, phosphates or any conbi nation thereof at a pH ranging from 10

to 12. 7. The nethod according to claim1l, wherein the first, second
and third plgseagriag ietoghathirdsiade byntaihembinlyltyzNOgartdrevely srsall angwioteid and
third liqui dia in an electrolytic cell containing at |east one anode

and at | east ohe cathode, respectively, the electrolyzing is inplenented by

sel ecti vel ' f
i vely coRtl Q‘uac{ ﬂg%eg'i%bgﬂgéghft?égjréro?ﬁg%gg\{%ﬂégaélhééeth@@gs RORpdreME | ons at

t he anode and the ) ositiveio | eave t he
el ectrons orSQ:onsl CR:th¥e heen gubstantiallygremened frg h5g f %&ﬂsdq}?gg]?‘gmel aim7,
wher ei n t he |gathfdesupplistedeane thia sm;eeisireducsdalrmtmiedtage othe tiitned gredium isonsi st i ng

of netals, f@ &)16 q?\% 9%’9'3\%?)' i vl B“O%“ {onéréﬁg il ér@/ﬁédﬁﬁ@nt su1table9 The

met hod accord| ng rein e cat hode is v\gterl al

sel ected frdm Heeddfr Bligse ceAtion | ¢ NGO+ g Heferally, e%'IeéétTeSh‘ﬁ"i’tErkg'i ST Ed st eel ,
copper, gr apatirsted aie MBC@] ab¥iedpH ranging HOm Theo rmethayd baased domtpet 0 cl ai m

7, wherein the 0006 NS Md R8s NFaRfBZr ated by physical separation.

The third stage 130 and the third electron generation unit 230 for providing the
electron stream to the third stage are structurally same as the first stage 110 and the
first electron generation unit 210, which will not be elaborated herein.

Turning back to Fig. 1, it is illustrated a closed loop system for removing the gas
components from the flue gas. As can be seen, in each of the stages of the tower,
the water after contacting with the gas (referred to "wash water” herein) is
re-circulated back to the electron generation unit as a source of the liquid medium to
regenerate the plasma containing the necessary electrons, as long as the pH of the
wash water is energized to be equal to or close to the pKa of the MgCO; solution. In
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 componénts 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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11. The method according to claim10, wherein the physical separation is
performed by pol ypropyl ene (PP) or polyethylene (PE) filter clothes or a
porous nechani cal separator. 12. The method according to claim?7,
further conprising the step of jetting strong water streamfrombottomto
top to nove the nmedia mass in upward direction in order to quickly liberate
hydrogen produced at the cathode. 13. The nmethod according to claim?7,
wherein the production rates of negative and positive ions are selectively
controlled according to materials, surface conditions, current densities
and potenti al s pgfshbhe iRigde wath wdier taaitsh®ide 520, 530 fardthe Three naspbaile accor di ng

to claimd, ﬁg@sg% & &Be 40 §13he to%?%ngra\?l\ggd bitkidl iR BREREnd 1 designated by

applying ti var first, second and third
medi a, res p@emremwumts are Sqaﬂfelyl'ﬁféacﬁ%q F?o?ﬂ‘eé(t‘?%loﬁﬂﬁgto‘f’?f IB12AEL Wellher ei n t he
ti me varyi ngnelemtth® BRIRRING Cherytestitsi1a dsrapcuxemple, thartriction feremtion SkHz t o

2ggk'|[_|ﬁ'en endhl Ecgmépetgg gt%ésYﬁJoyek%qﬁJolﬂgQﬁtgrqmaguﬁ@%n&%%ﬁéx@@ setirBa bite Tl ue gas,

tive electrons or s necessary for
t he di ssoci & wallsef ﬂ?ﬁé‘ﬂgﬁge ChedEr solulipn trom they wash watel t?’g‘%épr’scﬁﬁat ed
cont i nuousl ynto the topbof thelii6t sBIN 0D Aacepraljedgiova tbrioagmthb scwdgeragispiraln st eps a)
10,8 the MR il §@c§1§kéx&c@§eﬁﬁéa Bind B QRicRAbERIol Ml 480 - 100 to
B 3 WA

-500 nv. erein in each of steps
a) to c), th@fqnnétseriamu @mwmee@@sq&?cmw t%ﬁ“?%é{*@f gettrdRranivaraehave
treat ment b%?d?kﬂy sBiectbdRhe G ERGYd, tiRk plaspi aomtaining excess electrons or ions

would be created to perform the gas phase reaction as discussed above. After

contacting the flue gas, the wash water is discharged to the wash water tank 510 to

be re-generated.

The arrangement of the electron generation units inside the tower would save
much energy and space compared with the system described in the first
embodiment above. This is because the liquid medium is energized to create the
plasma within the tower, and therefore the external facilities are eliminated. Another
advantage of such an arrangement is that the plasma can be in contact with the fiue
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 fIde 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 treat 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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19. A system for renoving gas conponents SO,, NOR, and CO2 froma flue gas,
characterized in that the systemconprises: a tower conprising: a
first stage for removing SON, including a first inlet for introducing a
first Iiquid medi um which provides a first plasma containing reactive

el ectrons or ions, and neans for spraying the first |liquid nmediumdown to
forma filmof the first mediumacross a cross section of the first stage
such that the flue gas passing upward and through the first stage contacts
with the filmof the first liquid medium a second stage for
removing CO2, including a semeltttidistdget~ dpen ldont frestiweienyitaMgEOeaidhé i qui d

medi um whi ch provides a secom containing reactive electrons or
ions, and neans for spraying tﬁe second liquid nmediumdown to forma film

of the second g%gfréjnmggfér%r h ¢ t%r ?rﬁas t@scéf' fife q}cag}u#be eREL nﬁﬁ@%vé‘mh t hat

the flue gas c tacts wt he filmof the
second | i qup@dM|h¥mSpé<ﬁc§?afd havmgafreqtgenpy]pfr @t%@‘df%‘fm'F‘Wﬂﬁs'm

i ncl udi ng aelebirddd dnfnBhs for introducing a third liquid medi um which
provides a third plasma containing reactive electrons or ions, and means
for spraying tige Felahlfsdofhﬂélﬂéisté sh@eddunatdnsrentavall aitiie gasf SOMMNOK abh60k hi r d

medi um acrosso%| cgsogpalg)a‘mto)ﬁe g}glrggpé{“% thsuch that the flue gas

com ng out i< %ecn tage con acts 'w e filmof thethlrdlqu|d

nmedi um an ele ener

el ectron gener @ ﬂ': 3’,{9%9"? nﬂoﬁé%&%f% g%%l%cférﬂ)g? s stem Wthh eﬁé‘h&é% st

| i qui d medi tamove the gas comrapngéfécﬁm %‘peé'ﬂq’ &9z femet ﬁ'ﬁ 6?13 Jﬁ?t’“"\eBtr‘o”déner ating
the second gyABEERNtY Mdrd @ceRPAEH ahtl Goheknigek iatithdoas tho cadser ithrel tocthe on

gener at i on lér'?\lllgon%grrlts q;%'eenr 9<;[n|1p%9edt \.ﬂﬁ\ tF’lQ lplroge&legﬁﬂasys%rﬁém the prior art, the
invention exhibits a novel and unique feature that a liquid medium is utilized for the
production of the necessary electrons or ions to enable the dissociation of the gas
components in the wet plasma environment, while the medium itself acts as an
electron carrier only and does not take part in the reaction. This avoids the
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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third liquid medium 20. The system according to claim 19, wherein
each of the spraying neans is a type of screen of spiral nozzles. 21.
The system according to claim 19, wherein a spacer is provided between the
first and second stages to prevent the first stage frominfiltration or

I nterference of the second |iquid nmedium 22. The system according to
claim19, wherein the first, second and third el ectron generation units are
arranged outside the tower 23. The system according to claim19, .

wherein the first electron generation unit is arranged inside the first
stage of the tower, the second el ectron generation unit is arranged inside

the second stage of the tower, and the third electron generation unit is

arranged iMaatdeclaimed i§ird stage of the tower. 24. The system accordi ng

to claim19, wherein ch of .the electro eration ifs coppri ses an

electrolytic'c r“e&?ﬁ{e@ MY NG 995 2LPOBR s%ﬁg‘d& ?:i'n%[‘da{fgl2 ég@ta {29t hode,

acr oss Wwhicbhradierizest in that thenmethed appprises thestepseanisi ng el ectrol ysis of the

medi um in th%%%ﬁ’cﬁétfn@'tﬂé KiGe ?54 With a first%ﬁuiabﬁemg\mﬁgﬁ&ﬁi&'é‘ﬁm{ aGhgl m 24,
anode d romthe

wherei n the anc I s made of a material selecte group_consi sting
of met al s,CORBHNNG rBGLHR Slechionsyiions, in aR@MpKAksuRh Shattheiges malprules SOx 9 The
system accobjettnt intpijedicnt 2f thd@leetrong be ionatiRare first praghea @ ehab@tthei al
Sonmor O B O ResE R4 86, & adVoThibue SO il ik Pas?! 21 07 ST ECl
b) contacting the flue gas obtained from step a) with a second liquid medium which
provides a second plasma containing reactive electrons or ions in an amount such that
the gas molecules CO, are subject to impingement of the electrons or ions in the
second plasma to enable the dissociation of the gas molecules CO; so as to remove
CO: from the flue gas; and
¢) contacting the flue gas obtained from step b) with a third liquid medium which
provides a third plasma containing reactive electrons or ions in an amount such that
the gas molecules NOy are subject to impingement of the electrons or ions in the third
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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27. The system according to claim 24, wherein the anode and cathode is
physi cal |y separated by wapping 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 froma surface of the
cat hode. 29. The system according to claim 24, wherein a conpressed
air lift venturi is nounted on the top of the electrolytic cell for

di ssi pation of hydrogen gas fromthe electrolytic cell. 30. The system
according to claim 24, wherein an inlet for feeding the nediumis arranged
i n the el ectheddof bt acpit elnbingtfrom {dei1i on cl ose to t he cat hode. 31. The
system according to claim 24, wherein the electrolytic cell is made of a
nonmet al | i ¢ nmat.ciheatetiord accomeingltd claimrbvwdeiei thefitsh sacmd @odthirdtrles@as i ni ng or

coating.  ,.e3genefli6d SYSLEERAZNGT b Nistl Qebdrdl Ahdl Shird Mgt nedRamNaef the

el ectron generation units conprises rregns for ?neratl ng time varying

el ect r omagn@efiroiigeell copining,at IeashPrfNo eé‘ﬁ‘ﬂ)f‘éﬁ’% pr° e0de; TREPSPIYSH ng

el ect ronmagnéiei elevtehzintjois Intpiengertest &y | sefectifelyt hentplling nproduction 3des The system

according t g clial gbdq’g)osig@e[?ﬂ‘s Mt YRS ahddBPanPIng! QhdeCsd hOREMNRIVEGhyvave has a
frequency ranging fromO0.5kHz to 500kHz. 34. The system according to
claim 32, wARSWEiensRad jpaxa hereetrgeyriasimyerisii®- var yi ng el ect r omagneti ¢
wave conprises a tank containing at |east t el ect rode, ant ennas, subner ged
in the medi um $n"g eghedacaRitingle clain 7er~§e&e @H%‘% g ’Q%\‘?é’?ﬁ $% i on ca?d
connect ed bsdlggehirdrhthet grouret@sistimdel reetéle mets!, oxiled, grapde, pulvatingedir ce

- coupled with the wave generation card.

9. The method according to claim 7, wherein the cathode is made of a material
selected from the group consisting of nickel, steel, nickel plated steel, copper,
graphite, and metal oxide.

10. The method according to claim 7, wherein the anode and cathode is
separated by physical separation.

11. The method according to claim 10, wherein the physical separation is
performed by polypropylene (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.

15. 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
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35." The system according to claim34, wherein the two el ectrode antennas
are made of netals such as magnesi um barium copper, steel, netal oxides
such as Iridium oxides, rutheniumoxides or a mxture thereof, or graphite.
36. The system according to claim19, wherein another means for generating
time varying el ectromagnetic wave is arranged to subject each of the first,
second and third nedia to the tine varying el ectromagnetic wave before it

is introduced into the tower. 37. The system according to claim 19,
wherein an extraction fan is nmounted inside each of the first, second and
third stages of the tower. 38. The system according to claim19,

wherein in each of the st S rai nage chanpels are provided gon walls of

the stage forar%lFeépﬁ?twgytoﬂggcﬁ%dd?fgﬁhcﬁﬁé&”ﬁi"Y'?‘i the flvgasygne ghen energized to

- produce the reactive electrons or ions necessary for the dissociation of the gas
components so that they are re-circulated continuously.

17. The method according to claim 1, wherein in steps a) to ¢), the media have
respective oxidation reduction potential of -100 to -500 mV.

18. The method according to claim 1, wherein in each of steps a) to c), the plasma
is subject to time varying electromagnetic wave treatment before the impingement
takes place.

19. A system for removing gas components SOx, NO,, and CO, from a flue gas,
characterized in that the system comprises: |
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 COy, 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 ions, 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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third liquid medium.

20. The system according to claim 19, wherein each of the spraying means is a

type of screen of spiral nozzles.

21. The system according to claim 19, wherein a spacer is provided between
the first and second stages to prevent the first stage from infiltration or interference
of the second liquid medium. "

22. The system according to claim 19, 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 stage of the tower, the second electron generation unit is
arranged inside the second stage of the tower, and the third electron generation unit
is arranged inside the third stage of the tower.

24. The system according to claim 19, wherein each of the electron generation
units comprises an electrolytic cell containing at least one anode and at least one
cathode, across which direct current is applied for causing electrolysis of the
medium in the electrolytic cell. '

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

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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30. The system according to claim 24, wherein an inlet for feeding the medium
is arranged in the electrolytic cell at a position close to the cathode.

31. The system according to claim 24, wherein the electrolytic cell is made of a
nonmetallic material or a metallic material with non-conductive lining or coating.

32. The system according to claim 19, wherein each of the electron generation
units comprises means for generating time varying electromagnetic wave, and the
medium is subject to the time varying electromagnetic wave for the generation of the

plasma.

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

walls.

26



