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S| MULTANEOUSLY DESULFURI ZI NG AND DENI TRATI NG THE FLUE W TH THE SEAWATER
Technical Field 5[0001] The invention relates to a proc%ﬁ’“ﬁmﬁwﬂmﬁw ce for
si mul t aneously desul furizing and denitrating flue gas , 1.e.

si mul t aneously renoving SOx and NOx from flue gas wth seawabss,
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si mul t aneous desul furization and denitrification of flue gas. Background
Art [0002] Em ssion of two major types of pollutants, nanmely sul fur dioxide
and ni TeeRpifal Kigldyi des, fromindustrial flue gas nust be reduced in order
to protect atnospheric environment. However, conventional processes for
reduci HY03ki ssildres wsemepm e f @l ré zbmyepy oteb sa uApticandiora sdianitanenushig
process unit separately have problens such as lowreliability and high
const r dedul funingamd dgedtrrating flak gcaostith sawmater, duesitmmltbheduslyc ommpdarg SICcashs
structures and enornous resource consunption. Thus, conventional processes

for 2f0sefow Nge peX vandsdPut&epanRublrly aliebse¥er RUMcihgHikabedfipdlluies of
pollution alleviation and environnental protection. To prevent and control
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10  more particularly, belongs to the technical field of simultaneous desulfurization and

denitrification of flue gas.

Béc.kground Art
[0002] Emission of two major types of pollutants, namely sulfur dioxide and nitrogen
15 oiides, from industrial flue gas must be reduced in order to protect atmospheric
environment. However, .conventional processes for reducing emissions using a
désulfurizing process unit and a denitrating process unit separately have problems such as
low reliability and high constructional and operational costs, etc., due to their complex
process structures and enormous resource consumption. Thus, conventional processes for
20  removing SOx and NOx separately are séverely restricted in terms of pollution alleviation
and environmental protection. To prevent and control pollution caused by SOx and NOx
and thus protect the atmospheric environment effecti\;ely, there has long been a need for an

integrated, environmentally friendly technology for reducing emissions, and expectation of
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€1112111111212121212121221212212122111111111111 *@&00002* an environnmentally friendly
techni cal solution of sinmultaneous desul furization and denitrification of
flue gas. [0003]Internationally, the typical schenmes in technical field of
si mul t aneous desul furization and denitrification of flue gas are mainly as
foll ow ng: 5[ 0004] DESONOX process, devel oped by Degussa Conpany, Germany,

etc. (s@e chivonmkntaliyerfabndlgmeEhhecasobdluiion &6NHIhultensRs@yRGultwAtohuangas
firstly, and then the flue gas enters a fixed bed reactor with doubl e-Iayer

cat al ysfeRitritigtidd bBHullahich is a selective catalytic reduction (SCR)
cat al yst made of noble rret al s such as vanadium etc., to catalyze the

(r)iflg;: :[860 Odglgﬂt‘f%lra |{\Iz 9n3l} }Bn'\%at S/SVH 0 ‘fheﬁrgeﬁf ggnichpécal okﬁﬁ]a(f’ilzsémflﬁ%“eous
For m SRR AR GO ISEERNOK BF S8545 M BFOFRBR20N vor oi (y of
California, USA wherein NOis oxidized to NO2 by 03 and O produced by
yel 50W[B13|Q)‘thor %S%O%pwbﬁwﬂﬁmiosmbyLBsegussa)mepzeyi, GerrP05 etvhi(s¢e Fior ns
phosphoric acid, and the NO2 oxidizes SO2 in an aqueous 15solution to SO42-
and it S8 Whesin edun@datsollhmr(m&yj)amspﬁayddsutopﬂoagheﬁranyrmmlduﬂ’rbﬁamé flaadas
enters a fixed bed reactor with double-layer catalysts, the first of Wthh is a selective
catalytic reduction (SCR) catalyst made of noble metals such as vanadium, etc., to catalyze
. the reduction of NOx by NHj to N, and H,O, and the second of which is an oxidative
10 | desulfurization catalyst of noble metals to catalyze the oxidation of SO, to SO; which is
absorbed by water and then condenséd to form sulfuric acid;
[0-005] PHOSNOX process, developed by University of California, USA, wherein NO
is oxidized to NO; by O3 and O produced by yellow phosphorus, while yellow phosphorus
is oxidized to P,Os which foﬁns phosphoric acid, andrthe NO, oxidizes SO; in an aqueous
15 éolution to SO4°" and itself is reduced to hydroxylamine disulphonate, ammonium salt and
other S-N compounds;
[0006] PPCP process, developed by Fukui University of Technol(;gy, Japan, wherein
high-energy electron beams generated by an accelerator are used to dissociate gaseous
molecules in flue gas into O, OH, HO, and other active groups which oxidize SO, and NOx
20  to form ammonium sulfate and ammonium nitrate after ammonia is added; and so on.
[0007] Domestically in China, patented or patent pendiﬁg _fechnical solutions of

simultaneous desulfurization and denitrification of flue gas include: application No.

200610012525.2 developed by North China Electric Power University and entitled “Liquid
_.2.._



‘ot her S-N conpounds; [0006] PPCP process, devel oped by Fukui University of
Technol ogy, Japan, wherein high-energy el ectron beans generated by an

accel erator are used to dissociate gaseous nolecules in flue gas into O,
OH, HO2 and ot her. active groups which oxidize SO2 and NOx 20 to form
ammoni um sul fate and ammoniumnitrate after amonia i s added; and so on.

[ 0007] MrasstFlaal Gys i DesGhiunaingpahénDeditafyipgt Bt fige{vdi Meth6€ hatidc  ppaedtud’i ons
of sinmultaneous desul furization and denitrification of flue gas include:

appl i cathdBinNen aBOSISHOR 10PePor? odteysal R et BteNRithNa Eaiibandd ﬁgai'iiive,d RRing

University and entitled "Liquid Phase Flue Gas Desul furizing an

Deni tri Lyl ifq . i n rat ys" .. wherei n an .,absorption .

sol ut i ocfﬁy% slg}g{oﬁmogﬁ%’oﬁhtré@%{np? Er(%l(geoé@ieﬁg ’ §88?&“%§'?8€°#8PLP&1085‘”6 1 ECurt
hypochl orite, ,hydrogen peroxide sol ution, disodi um hydrogen phasphate,.
etc., iuge{ijégc?bt%r%aﬁgﬁ?b 198 A PHIQETE AidehTOPb ¥R SR lded FIHPR vRbEAS i n
an gjection bubbling 5 process ; and patent No. 01105698. 3 devel oped by
Easg CITASESE)i andr atent No. &bl 608.3ader ctenadnby &gyt &hinacHniversty oPSowrass afdr
Renoving NOx from Waste Gas", i.e., a conplexation-catalysis process with
cobal t Heachioloies ( endybmtitbadi difirnedss Woer BemoaingatM¥Oy s tfrdnn c MiditengGa®t al.eoxhdes
such as NNO Co304 | oaded on Al 203 is used to oxidize NOto NO2 in an

al kal i rengit:itioancatAnss 3Rocsss %Ih 0DB1tTHE BX{&hilRFcdiamity)Cathes@hUs icansyof
si mul t aneous desul furi zation and denitrification confront the common

pr obl effeludRigaa PaPYSideh bl RDRGOS c@?@yhaaa@gzg@l; ' gg)aq?gsgfw kil oRb &No,

nobl e catal ysts and/ or absorbents néed to e process.

of Cherﬂl%ﬁlalﬁ%%rsioﬁltﬁmogn@?&BBbentS and catal ysts, particularly the noble
catal ysts, results 1’ n éxcessive consunption of resources and energy,

conpl i ion of _process, low 15reliability of the whole processing device,
hi Sﬁ ccclﬁ@‘muct i Eﬁ%u eéﬁanspéF%hWEfﬁaﬁo yians, efhgsivedignertsy desuliyrizaon nasdme

i nstances., Thus, it is difficult to apply these schenes wi dely.
denitrification confront the common problems. To achieve simultaneous desulfurization

and denitrification, noble catalysts and/or absorbents need to be added in the process. The
use of chemical materials of absorbent§ and catalysts, particularly the noble catalysts,
results in excessive consumption of resources and energy, complication of process, low
15  reliability of the whole processing device, high constructional and operational costs, and

secondary pollution in some instances. Thus, it is difficult to apply these schemes widely.

Summary of the Invention

[0009] The object of the present invention is to overcome the disadvantages of the
20 prior arts essentially and to provide an integrated, environmentally friendly technical

solution for reducing emissions of pollutant without further adding noble or

secondary-pollution-producing absorbents or / and catalysts, which may save resources and -

energy, use a simple and reliable process, bear low cost and lead to no secondary pollution.
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*Summary of the Invention [0009] The object of the present invention is to
overcone the disadvantages of the 20prior arts essentially and to provide
an integrated, environnmentally friendly technical solution for reducing

em ssions of pollutant w thout further addi ngnoble or

secondary- pol | uti on-produci ng absorbents or / and catal ysts, which nay save

resour g8scifibslly, efher @¥hnieak sdlusioAPin@oRRS d pkoRRY anBr PE@RSRe RRAIMuPhEASTy and
| ead to no secondary pollution. . Specifically, the technical solution

i nvol v . i 1.1 : 4!
doni t ¢ SEs REPRAERRL B0 A BEMNE Rl Wi il AU iR U TR,
[ 0010] The technical solution of sjnultaneous desul furizati and .

tent 01 0TOAET onl 15 taehlisah a8l St BRuPBESYS daen i iofiemnsh fedht frationeof
present invention is as follows: 5 _[0011# A sinmul taneously desul furizing -
and defiverzas Wi ssevetes o pehieve the Qrisctvifithe peesant Bventien Bdssodersw st eps: A)
catalytically scrubbing the flue gas with the seawater, wherein the flue
gasS cof@®ilhi ng SCORnmancinkidxs]y sdesatfatiyinigc ahd ydedwatibe dracesh fdire flueagast ovith o
remove SO2 and NOx fromthe flue gas, and then the purified flue gas after
bei ng desudtéutrchelts arlow esnedst al)echtalRtlcilhe sawbling geafled @hs fathrad shamiang,
scrubbi ng are discharged; 10 wherein the catalytic scrubbing refers to

iron cafialehitge BRE %QPE@&aﬁﬁﬁ%"s@q AHINOK 1D cAHBARGAYRERLLBR Wi HHR sekhtdt fo
quantity of iron ions or with the seawater to whith a certain quantity of

iron ions is added, apd/ | |yt bhi Led
ron | 90R0te e 904 Forf TAOSHLC ST AY L LU A8 TR LA YL e

havi ng nd/ or ue ©gds pass an app magnet |
field; .B) .restqri t | i f .the acidi t [ h i di
Seavar PU SR gEderracrt g b i Sea S i ag afiochatged. ©

acid-al kali neutralization and air is blown in, so as to discharge after
t h&0 quathersinothet ¢psalybir dicculhingeretars ite irest@tadntie sopbding waitiehehtvgth the
protection requirenents. [0012]1n the sinultaneously desul furizing and
deni t r atawgepheciegsy cefaini quamticatodliydn ¢ons osevitibhngeaniatér seahattern deatsimg a
certain quantity of ironions is carried out in the
quantity of iron ions is added, and/or magnetic catalytic scrubbing carried out by having
the seawater and/or the flue gas pass through an applied magnetic field; B) restoring the
quality of the acidic seawater, wherein the acidic seawater discharged in the step A) is
15 mixed with seawater for acid-alkali neutralization and air is blown in, so as to discharge
after the quality of the acidic seawater is restored to meet environmental protection
requirements.
[0012] In the simultaneously desulfurizing and denitrating process, the iron catalytic
scrubbing with seawater having a certain quantity of iron ions is carried out in the
20 sérubbing step with the seawater having an iron ion concentration of 3 to 300 micrograms
per kilogram (3-300pg/kg).

[0013] In the simultaneously desulfurizing and denitrating process, the iron catalytic

scrubbing with seawater having a certain quantity of iron ions is carried out in the
_ o 4 :



*20scrubbing step wth the seawater having an iron ion concentration of 3 to
300 m crograns per kilogram (3-300n/kg). [0013]In the sinultaneously

desul furizing and denitrating process, the iron catalytic scrubbing with
seawat er having a certain quantity of iron ions is carried out in the
scrubbing step with the seawater having an iron ion concentration of 10 to

300 M gERGHAFEtES vithi the Geamted RadA0@hKedn idnIébkeEhtRatidieo 5100 BManuslgyams
desul furizing and denltratlng process, the flow of the seawater for

ScrUbngSkﬁ@ﬁaﬁﬂ %ﬁﬁgﬂ§§ends on the alkali-acid ratio of the seawater for

5 scrubbing To t the alkali volume of the seawater for

bbi noy £ he T/ h b
ranges 1¢ith 1 “%gswaaﬁls?w il Te i, A b el ol B The

scrubbi ng the flue as is the product of the alkalinity of the seamater

mul ti pseaptey famecrpblipedhetine gendaperds ehéhapikaliafi¢ ya@ﬁ af HEe swawates rior
equals to the total alkallnlty (ALK) of the seawater neasured in mllinole -
perS| i sembpingoto/thy flugnghst He dlkdwvofuni®of e sewatardor equbbingttbe fhie gzal/ uee of
the seawater neasured in mlliliter per hour (m/h); and the acid vol une of
the fl ueidgaduine diehs Cludigaeto bs sédubbpd ediget fafm the 290| vherdo toeakaktviobmof
the flue gas multiplied by the flow of the flue gas, the sulfur

concentyraté @&@ge&ak& dRuBtifg BEL e NL8NE R pRItRE of ige failddﬂng?ﬁ)fffﬁ@-%%\eﬁltei n
mlligramper normal cubic nmeter (ng/NnB), and the flow of the flue gas.

equal s i gibhis YRLNE Bl JIant! 6,005 TRABMCEH B1BE Ty FUPICG. OB EE el

hour S mu taneous uri zi ng an enitrating

uant | Yk ok e eafials esiRg llanBﬁh FaPvt et Sl B iPe R of
addlng process of disposing an iron nenber in the acidic
10 ~ the seawater equals to the value of the seawater measured in milliliter per hour (ml/h); and
the acid volume of the flue gas to be scrubbed is the product of the sulfur concentration of
the flue gas multiplied by the flow of the flue gas, the sulfur concentration equals to the
SO, concentration bfthe flue gas measured in rﬁilligram per normal cubic meter (mg/Nm?),
and the ﬂow.of the flue gas equals to the value of the flue gas measured in normal cubic
15 meter per hour (Nmz/h).
[0015] In the simultaneously desulfurizing and denitrating process, the iron catalytic
scrubbing with seawater to which a certain quantity of iron ions is added is the iron
catalytic scrubbing with an adding process of disposing an iron.member in the acidic
seawater and/or making iron material in contact with the seawater into a sacrificial anode
20 and/or making use of a device capable éf adding a ferrous solution to add iron ions.
[0016] In the simultaneously desulfurizing and denitrating process, the magnetic

catalytic scrubbing is carried out by having the seawater and/or the flue gas pass through

the magnetic field with a magnetic flux density ranging from 1 to 6000 gauss.
__5__



‘seawat er and/or meking iron material in contact with the seawater into a
sacrificial anode 20and/or making use of a device capable of adding a '
ferrous solution to add iron ions. [0016] -In the sinultaneously

desul furizing and denitrating process, the magnetic catalytic scrubbing is
carried out by having the seawater and/or the flue gas pass through the

magnet {g01f7] el d Thd fRecRnidCRIONRLLiEn bF WXiHERS dovisifanglferizin@Mnl dedieAiH) gauss.
[ 0017] The technlcal solution of a sinultaneously desul furizing an

deni t1 ati ngefIRud £ sﬁlﬂmtmmﬁe&%uﬁ%zm Ml A ?Qﬁﬁ%t}gzgﬁ\';’é Fﬁ%ﬁh%g@@%r ig

denitrating the as W TR seawater oi's descr evi ce

i ncl ud ste tical scrubbi ng .w eawat

syst enfiPsTIORde ?%%@st B GlAttaer Jreiang et 0% Ellabde 1S BB nE BT % e
5 for catalytically scrubbing with seawater i ncludes a scrubber a flue gas
inl et &FaWAH 3ud aspaem fé’rfrPﬂ@“Q&éh%ﬂ’t‘F]étty off therpsidie sgpwaler, whearsmlesysien et

of the seawater for scrubbing flue gas, an acidic seawater outlet of the
scriubbéar, camlyiticaHy nesrblevingrwdin Sielawratdromcéldtﬁsn@ s¢ewbibes foflué rass eiaddtngf the
content of iron ions in the seawater, and/or a nagnetic device for applying
magnet scrubbal, d e ighe ostavat e dopiblse) blsbawgtet Melef bfiehq s vanel! for sorubiblieg
flue gas; 10 the systemfor restoring the quality of the acidic seawater

i ncl udﬁ%eagawaaﬁracmﬂ@lseéwatéxeéﬁt@ét%ﬁ th@ogmwe@aaﬂ N9nWhbfbanoAGh Gdh-RAGNRE £
channel, & seawater channel, an air blower and a seawater outlet: an acidic

'fseawat ﬁEVICfo!)PYxCEéL[ Fh t@l@%oﬁteﬁ?grﬁl ﬁrlohygr} S §egl&/%{era£1?d/8} Q%aotn%Hg%l%Olcgthler

in the wat er -qual | est orer; OV\BI’ COI'TTﬁJnI cates Wi an aerating

o o ni? kﬁ}%'@f@%@%@?@q U o e Aot 15 BB s r9 01 R R e

denltratlng device, the iron nmenber is_an |ron f|IIer and/or a fixed or
el ac dhbsystam dor wistret thaiaspberf the acklic seawaiBemciylegiar weler-aBA N TES I h

the acidic seawater. [0019]In the sinultaneously desul furizing and

deni t r abmnyndeatingeyithem aqidic- jeowatatdiagnel, a sedwaierechiagneln an rfieblogyer and a

comuni cating with a ferrous solution inflowinlet and/or an iron ion

20geneggdwdter oilet; dinSpasietseat atdieinfiomubier and Q0s2Qivatertingosi Mlkt arkedlvsd Yo

desul furi zing and denitrating device, the magnetic device
each other in the water-quality restorer; the air blower communicates with an aerating
nozzle which is disposéd in the water-quality restorer through an air blowing channel.

15 [0018] In the simultaneously desulfurizing and denitrating device, the iron member is
an iron filler and/or a fixed or replaceable iron element disposed in the scrﬁbber in direct
contact with the acidic seawater.

[0019] In the simultaneously desulfurizing and denitratihg device, the iron-ion-adding
device is an injector communicating with a ferrous solution inflow inlet and/or an iron ion

20  generating unit disposed on the scrubber.

[0020] In the simultaneously desulfurizing and denitrating device, the magnetic device

is a magnetic filler and/or a magnetic member disposed in the scrubber, and/or a magnetic

member disposed in the scrubbing seawater and/or the flue gas channels.
.__6_



"is a magnetic filler and/or a magnetic nenber disposed in the scrubber,
and/ or a magnetic nenber disposed in the scrubbing seawater and/or the flue
gas channels. described as follows. [0022] Catalytically Scrubbing Wth
Seawat er: [0023] When flue gas is scrubbed with seawater, SO2 in the flue
gas is dissolved in the 5seawater to form acidic seawater, and the fornul ae

of thegmzq?ti OIMTHRY @ediof iwwﬁﬁnc%@é)%ﬂﬁ@ (@esd dOrdFneBR (Ho idvdidn is
[0025] SO2 (1) + H20 = S032-+2 [ 0026] 2. V\ﬁen the flue gas is scrubbed

furtheaes\@ritbgdtaP LRkl di ¢ seawater, NO is dissolved. In contrast to a wet
process generally i1 ncapable of realizing denitrification due 10 to

i nsol upj ity of i.n er, the t.echnical solution of the invention has
physi CE@% ' calc%lgﬁfﬁ‘??]}fgﬁgmfbgﬂn?cg{lﬁl AYAAnd facilitating the dissolution
(hydrol yzation) of NO which include the follow ng: a) A |large anmount of
5032- 028 i s Whewfleedap is s¢iabled with ssawalisr-eYOF by thsdlyengaste dfssplyed dn &pe of
di ssol ving sul fur dioxide can facilitate the dissolution of NO b) Under
t heéd acsdhivatentodptm eridiosemhten ahtiéhd farstulst efpthefreait®madire andolbaws:ur di oxi de,
iron ions 15 (Fe2+, Fe3+) both originally existing in the seawater and

i ncr eapER4in t IBOP(YeeEsOC! SOhel)inMent i on have catal ytic effect; c) Under
the acidic condition fornmed in the first step of dissolving sul fur dioxide,

iron i pp Fe-,S(l}ze?)q)Hzf(pgrg(%@n@IHmat ed iron conplexes in the seawater
which can facilitate reactions of the dissolved SO2 and the entrapped 02 in

the fl Hioae3° toz.p{x}?ﬂ%}é{?&egg[{?o&&@d%i %éérﬁp%&f ﬁglvﬂ?erl\&%othed%i&*&'ﬁco’éééﬁ%?@k{r% es,

etc., or exanp actor ol I'ow ng tornula:
5032- -> N20 + SO42-, etc., the flue gas from g boi.ler. in ower pl ant
gener afi}sﬁ‘l’\lﬁég- IabeRITrast fogt kel RIGSFSSHPGEALY tFaRaI ! rrizies drlitabrafen dhe
formed in the first step of dissolving sul fur dioxide, the magnetic field
apl! i etp mpotubelitysfde) i w&%@heém@m&g selutiva ofi thednyention fasywysiopghemisa) of
NO Reactions of :
conditions for catalyzing and facilitating the dissolution (hydrolyzation) of NO, which
include the following: a) A large amount of SOs>” which is produced in the acidic seawater
‘formed in the first step of dissolving sulfur dioxide can facilitate the dissolution of NO; b)
Under the acidic condition formed in the first step of dissolving sulfur dioxide, iron ions
15 (Fe*", Fe'™) both originally existing in the seawater and increased in the process of the
invention have catalytic effect; ¢) Under the acidic condition formed in the first step of
dissolving sulfur dioxide, iron ions (Fe’", Fe’") form complicated iron complexes in the
seawater which can facilitate reactions of the dissolved SO; and the entrapped O, in the
flue gas to produce compounds such as N,, N,O, dithionates, sulfates, etc., and for example,
20  according to the following formula: 2(NO) + SO;* — N,O + SO, etc., the flue gas from a
boiler in a power plant generally has about 5-8% residual oxygen; d) Under the acidic

condition formed in the first step of dissolving sulfur dioxide, the magnetic field applied by

the magnetic member catalyzes the dissolution (hydrolyzation) of NO. Reactions of



"nitrogen oxides in seawater are rather conplicated, nost of which are
synergistically self-catal yzed oxi dati on-reduction reactions. The purified
flue gas is discharged into the atnosphere after being sinmultaneously

desul furized and denitrated. [0027]Quality Restori-ng of Acidic Seawater:

5[ 0028] After scrubbing the flue gas, the seawater becones acidic. The

qual i t fitRfechhxiasd dh et Ranat g Nfisert ColpliEREd,0MREt o8 RhicBVale s@paiktibdlBy

Wi th surroundi ng water before it is released to the natural surfoundings,
for exagpl . Th . Ity e r.ed:in: at
o bt A T e R N A AR R SR T
wel | niged 0 g#{og agjd-ahkali gﬁ tralization, andt%Cen air is blown into
the 16MERRSIANT Pefepprlaarapshndesibrizsd and MsaliateY oxi dation, which
makes sul furous acid in the seawater converted into sulfites and then

oxi di zEW2Tht o LRl Eestpringelpedia 3gAAteRd environmental Iy friendly to the
sea, while carbon dioxide forned in the seawater is expelled and di ssol ved
oxygen[0028] he skfiemsenbbingitherfbrseas, the stdwattnbewmesgaadiemlbalquabity bf Bhé¢ um
formul ae: 15[ 0029] CG32- +H = HCO32" [0030] HCO32- + H+= CO2 (g+1) + H20

[ 0031] S6id&tschwaZdihas t&8BGEZeftd0ajo hevpHeoopRYilsledvith sewbweling xwagarbabretinés
wat er discharge in the process are restored to be conpatible with
surroupdeNGdWat Be SRS L@ rIRREn &N UXARM @ (He e CIHORatdOqhARY MAYERY S.
A smal | amount of additional soluble iron'in the water discharge in the

pr OCE??(%%%eg rﬁ{' Ju%H'BE%g'r%Xt fséz{vﬁﬂglj Yran L9 .aﬂﬂh%ebs‘%g@vﬂgﬁ. isr Q(ﬂiejdsin@gtth@ acidic

restric el ement acc Ing to the qual 1ty standards on seawat er

AT e R e A

acidic seawater may be carried out in a separate water-quality restoring
del ce seayatgr tor A dYGtacinaBE iRGTEaCAIeER by YeApbl ighighynakss sgHurqpsgacid in
rel evant pipeline or channel. _ '

the seawater converted into sulfites and then oxidized into sulfates which are stable and

environmentally friendly to the sea, while carbon dioxide formed in the seawater is
expelled and dissolved oxygen in the seawater is increased, as the following chemical
equilibrium formulae:
15 [0029-] _ co32'+H+ = HCO;™
[0030] HCO;* + H'= CO, (g+l) + H,0
[0031]  SOs™ + 1/20;= SO
[0032] The pH, COD and dissolved oxygen of the water discharge in the process are
restored to be compatible with surrounding water so as to meet environmental protection
20 requirements. A small amount of additional soluble iron in the water discharge in the
process is environmentally friendly, not only because iron is not a restricted element
according to the quality standards on seawater environment, but also because it is an

indispensable element for preventing marine desertification.
— 8 p—



' [ 0034] The process and the device for sinultaneously desulfurizing and
denitrating 5flue gas with seawater according to the invention have

remar kabl e technical effects. [0035]Firstly, em ssions can be reduced
efficiently with renoval rates of pollutants in the flue gas up to 99% for
SO2 and 70% for NOx. [0036] Secondly, resources and energy can be saved

consi degs3ly W ThOWatdrhfianBeskstiring procaflyo Al CalawaBdrahh@be caafidd 6t iard y
in a thernmal -power plant where energy consunption is 10l ower because of

reusi n?g:ﬁa??te%ﬁu—ggalﬁga}\é@t%ﬁﬁg cieg%%n);r Q{ 'El%l yott(#rgﬁ)\f éﬂé %fit?imﬂcr %MBgldeVice,

friend n conpdari son w th-other’ processes esu I zing an

denitrating flue gas,.which consune plenty of chemcal materials and
produc8réf‘€é?1§‘éalﬁﬁ’b‘?m{neoqr “\Rl&g‘f‘g‘ solid, the process of the invention
produces no waste solid, and.every part of the dischar glﬁ_ of seawater

rel eval®034d t hellhy pressss gndithe denieentarorimydiengousbe deryibHiRE AndpdatiEatingn
requirenents. Brief Description of the Drawi ngs [0038]Fig. 1 shows the
sch2mafive gak ewithcéeamtatefact bueling wotds sn¥antioni myetramaduablo/tedbsighlf efféczs.ng and
denitrating flue gas with seawater according to the present invention.
20[ 00390035). 2 Binahwg enfissisehedirbd fedvtedvefficienttiewithaemoeal thit¢rgoft goliviats in
invention used in a thermal power plant.

the flue gas up to 99% for SO; and 70% for NOx.

[0036] Secondly, resources and energy can be saved considerably without the need of

any chemical material, particularly in a thermal-power plant where energy consumption is

10  lower because of reusing the cooling seawater.

[0037] Thirdly, they are environmentally friendly. In comparison with other processes

for desulfurizing and denitrating flue gas, which consume plenty of chemical materials and

produce a large amount of waste solid, the process of the invention produces no waste solid,

and every part of the discharge of seawater relevant to the process of the invention meets

15 environmental protection requirements.

Brief Description of the Drawings
[0038] Fig. 1 shows the schematic flow chart of the process for simultaneously
desulfurizing and den.itrating flue gas with seawater according to the present invention.

20  [0039] Fig. 2 shows the schematic view of a device according to the invention used in
a thermal power plant.
[0040] Fig. 3 shows the schematic view of one embodiment of the structure of the

scrubber 1 in the device according to the invention, wherein a flow regulator 1.7 and an



"[0040] Fig. 3 shows the schematic view of one enbodi nent of the structure of
the iron nmenber 1.5 (replaceable with a nagnetic nenber 1.5 when
necessary) are di sposed. [0041] Fig. 4 shows the schenmatic view of another
enbodi ment of the structure of the scrubber 1 in the device according to
the invention, wherein an iron ion generating unit is disposed, which is

conpos %nqﬁeﬁb&epw% ade@Blle wAth hEadiRtit Rebert NS WEEMRB&Issdryf Bfe dispaRedl ng
the repl aceabl e or addible iron menber 1.5 in the acidic seawater, and a

repl ac or di I i r.
[00a2] B TS C I A (R BlaRE el e MR chOe ﬂ%es‘?*x,%%%?%ﬁﬁ% ity
restorerblgb ﬁVLce accardln to the.inv t|on whi ch i a pool ..
Capabl STBPOR kiPhS ViSRRG POBE ST HTIong PGS HrriEon it ke T boit i

t he DESONOX process. for sinultaneous 10desu|fur|zat|on and denltrlflcatlon
as onediosere Whichr isapempenpE &l sevaier eagl ebrthaihetiory v ohg| serubber 1 for

. desul furizing and denitrating flue gas, for use in a thermal power plant,
whed ei nmtrieesiDESGRIOXppaceaids soi addidle liope dndmbdde biis sa tBomeadiy, se@eatminyndet c.
[ 0044] The reference nunbers in the drawi ngs stand for the foll ow ng
conponegilaceabl o addible éfon Pip bRt Bdrltfanspgrtink: théacidad sdaytat@al | y scrubbi ng
flue gas with seawater; B- Restoring the quality of acidic seawater;

C Di SC'P@{M]! ng aﬁltgera s'EE&‘"s'tH'Q sERH drRIVIB AL th@rs%@ﬁﬁré QPtHeeﬂHﬂeE %ﬁﬁﬁ'{ysrestorer 6
D Seawat er; E-Fl ue gas containing SO2 and NOx; F-Purified flue gas after

bei NG denl SuELe 20 ANy U5 O Ry, Sifeh f BbbA Lty g%fx%%a,f&aerzhﬂ ovi ng

air CI’U

rlré?rbire?“@iﬁrferff%ﬁ? ot hsrschpmege gl iqf g ﬂ}ﬁgﬁb\(ﬁb hiest Jpr STREMsPRs us

sol ution punp; 1.9-door opening for repIaC|ng iron nenber 2-flue gas inlet
of 10 he dssylfiination3 ang ydenjiifieationet asofoneh@f s heutision : ad- seskiaér sqlntiens dprt he
scrubber; 5-acidic seawater outlet of the scrubber; 6-water-quality
restor e'rrnul'i’arw@hsﬂiycdesulfurizing and denitrating flue gas, for use in a thermal power plant,
wherein the DESONOX process is developed by Degussa Compaﬁy, Germany, gtc.
[0044] The reference numbers in the drawings stand for the following components or
structures:

15 [0045] In Fig. 1: A- Catalytically scrubbing ﬂpe gas with seawater; B- Restoring the
quality of acidic seawater; C-Discharging after meeting environmental protection
requirements; D-Seawater; E-Flue gas containiné SO, and NOx; F-Puriﬁéd flue gas after
being de'sulfurized'and denitrated; G-Acid-alkali neutralization; H-Blowing air in.

[0046] In Fig. 2-5: 1-scrubber; 1.1-filler; 1.2-support; 1.3-seawater dispenser;

20  1.4-defogger; 1.5-iron member; 1.5’-magnetic member; 1.6-ferrous solution inflow inlet;

1.7-flow regulator; 1.8-ferrous solution purﬁp; 1.9-door opening for replacing iron member;

2-flue gas inlet of the scrubber; 3-flue gas outlet of the scrubber; 4-seawater inlet of the

scrubber; 5-acidic seawater outlet of the scrubber; 6-water-quality restorer; 7-acidic



*-10- seawater inflowinlet; 8-seawater inflowinlet; 8-1-inflowinlet for
early-m xi ng seawater; 8-2-inflowinlet for |ate-m xing seawater; 9-acidic’
seawat er channel ; 10-seawater channel; 11-air blower; 12-air bl ow ng
channel ; 13-aerating nozzle in the water-quality restorer; 13x-aerating
nozzl e array; 14 seawat er outlet; 15-boiler; 16-dust catcher; 17-suction

fan; 5 | t . ; .
2111 noniael Ity éﬁ?"et"eﬂa‘é%%ﬁtefp%% AREEFPIRREL b f§§69f‘?“§ﬁle<§lﬁ%a~féﬁrr n
Fig. 7, 24-channel r . addi ng ammoni a; 25-nobl e net al I

Feduct BrE LR dht ol R B FONR e L A AT Y e b aalst channcl;
desul furization; 27-sulfuric acid absorber. 10 Detail ed Description of the
| nvent ildrpif Mo Deatir ddowenk ehirieln ] bacaiagpnerrde 4n fbe veitemnealiizggstoyer;
desul furizing and denitrating flue gas with seawater according to the

i nvent il8r-agrdtingbmoziderensyr dft sdawatenouded etabbdideryi ltthdusefecatobac el T-sudtiom fan;

drawi ngs and the follow ng enbodi nents. 15[ 0050] Enbodi nent 1 [0051]Fig. 1
shogs tigechsmneyatd-Sedw 208y withap:t2REoddRas@riaars power peinfil It Ane guiSteheater.

desul furizing and denitrating flue gas with seawater according to the
i nventii@ay7jF 9. 12Fig. 4: 22-flowmeter; 23-pH meter
[0048] In Fig. 7: 24-channel for adding ammonia; 25-noble metal catalyst for
reductive denitrification; 26-noble metal catalyst for oxidative desulfurization; 27-sulfuric
acid absorber.
10
Detailed Description of the Invention
[0049] Detailed description of the process  for simultaneously desulfurizing and
denitrating flue gas with seawater according to the invention will be demonstrated in more
details with reference to the drawings and the following embodiments.
15  [0050] Embodiment 1
[0051] Fig. 1 shows the schematic flow chart of the process for simultaneously
desulfurizing and denitrating flue gas with seawater a;:cording to the invention. Fig. 2
shows the processing procedure of the invention used in a thermal power plant. The process
for simultaneously desulfu%i.zing and denitrating flue gas with seawater according to this
20  embodiment includes the following steps: A) catalytically scfubbing the flue gas with the
seawater, wherein the flue gas containing SO, and NOx is catalytically scrubbed with

seawater to remove SO, and NOx, and the purified flue gas after being desulfurized and

denitrated and the acidic seawater formed during scrubbing are discharged; the catalytic



"shows the processing procedure of the invention used in a thermal power

pl ant. The process for sinultaneously desulfurizing and denitrating flue
gas with seawater according to this 20 enbodi nent includes the foll ow ng
steps: A) catalytically scrubbing the flue gas with the seawater, wherein
the flue gas containing SO2 and NOx is catalytically scrubbed wth seawater

to renvebbEg anthdNXvendidd fcfiersPdr irbh echtdlhie Washbahd @arddal Bt deish|stawhzed
and denitrated and the acidic seawater formed during scrubbing are

di scha@g\gﬂgct ttb?%agﬁgatﬁtty%faﬂot ion$ of Qa%tgr tonwht}a 4 @efam' Qi §f&f1§o& Rk hion

cataly car seawat er havi ng ertarn quantity of

iron io awater to |ch ert uan iro S, added
and/ or SAYhEPHET BRIy E%B%Pﬁ@ng SR e S aro e A FRE e
gas pass through an_applied magnetic field,; the catalytlc scrubbjng in this
enbodi HERBSR én @pgh%margaﬁtleﬁéhtgétlfmte%'@rﬁ%mbh@o Eahis BR OB St FRICsR IR R
to which a certain quantity of iron ions is added, by, specifically in this
enbbdi wetatyticdsapblsinggeaaried roah withbeawatar thevhach di cersemwanRtity 8f inogsioos iihig
the quality of the acidic seawater, wherein the acidic seawater discharged
in theadd&h ¥y, bpedifixally andthie whitaldiEest, Witpossepwat @onanendier ins tlid aeidic n
to restore the quality of the acidic seawater to neet environnental

pr ot ectiQpatLABY refBALE theb@lie dit theSaduRChadveRe:, WRGRAL The abfd%‘ seabadeytic
scrubbing is carried ott in the scrubbing step with seawater having an iron

ion co f t 0 cl.og
parti oot cﬂ%ig%ﬁ%%sk% 4] SRt AR RRl i BRI AdR0R, Khen jn to
scrubbin flu epends on the al kal i -acid rat of the seavvater
o UbDIToEO eI TOT $HE G SERWART 0 1565 GBI Toh SraSULE dpy Bhents
scr ubbi n? the flue gas /[ the acid volune of the flue gas to be scrubbed
hfes befumitlisidéschogedwher ei n the al kali vol une of the seawater for
scrubbl ng the flue gas is the product of the alkalinity of the seawater
mul ti pl{0@sR]by t ke idoowamdlyﬁhecmbhi/t@t Breartibd oal kat}ierﬂcrlybh)'ﬁg tstep wehwaawater
~equals to the total alkalinity of the seawater Measured in mllinole per

liter (vl dd.iréhdod hentémyith bhe seBEt alicegHahs pep Kilvgraal Be30@(:/kE), t he
seawat er nmeasured in milli I|ter per hour (m/h); the acid volunme of the

flue g}grtﬁl%%lsffgah%ﬂlh %oa{ aﬂctrhgfﬂm%fwé twwaqanf&rttcmtul@gtm fhbe

flue ow of the flue gas, the sulfur concentration

equal’s (s)dE:Ir)]gn ) el ragiEilrgPo %ff tttlehgeaf\xlla & ‘?“Sscrubbmg to the flue gas: the alkali

15  volume of the seawater for scrubbing the flue gas / the acid volume of the flue gas to be
scrubbed ranges from 1 to 200, wherein the alkali volume of the seawater for scrubbing the
flue gas is the product of the alkalinity of the seawater multiplied by the flow of the
seawater, the alkalinity of the seawater equals to the total alkalinity of the seawater
measured in millimole per liter (mmol/l), and the flow of the seawater equals to the value

20  of the seawater measured in milliliter per hour (ml/h); the acid volume of the flue gas to be
scrubbed is the product of the sulfur concentration of the flue gas tnultiplied by the flow of
the flue gas, the sulfur concentration equals to the SO? concentration of the flue gas

measured in milligram per normal cubic meter (mg/Nm3), and the flow of the flue gas



‘equals to the value of the flue gas neasured in normal cubic neter per hour
(NmB/h). Particularly, the acid-alkali ratio of the scrubbing seawater to
the flue gas in this enbodinment is 6.5. [0053]It shall be further explai ned
that the seawater for scrubbing flue gas cones 5 fromthe sea. In other
words, the seawater in use may cone fromthe sea directly or indirectly. In

the | abf@lis GgSe SRR Ghe HRCHA Q?éisﬁfeﬁmnaﬁofnﬂ‘éfl‘l&{tﬁé FhetbAplkt Hodr I(Rinfaysed.

The deS|red f|OM/Of seawat er has two neanlngs One refers to the total flow.
of sea th { [ ir d o]
cat al ye e REC DAL Rl OP T b Reb A sR¥P! choReS R Jhofhis

seawat er the d red flom/for fulfilling aC|d al kali 10 neutralization
whi ch FgﬁﬁgFﬁ?ﬁﬂﬁgégaccording to the equivalent of the acidic gas to be
removed fromthe flue gas and the al kalinity equival ent of the seawater.

For appP0%Hdt i onltishahole furkesi ewlained that Ponesavsitentos, scrwbingtiile BrogeBes
desired seawater in the process of the invention is not nore than the flow
of # hefrwoolthagesedmatieer wordshehglsaayster andusal magf cdrhe femol thegseaedinadtbr of r om
t he condensers and/or the cooling punps in the plants can be reused 15

di rect ipdirdceigdinehd DittepBsIcespidter 8RYh&Ged FroaMahdideRAsSUMRLItONs fr@Wsed. The
operation. Part of the total flow of seawater is used as scrubbing seawater

in the JRLiER AbwCet eéae&at&aﬁisytw%cgq@m g, BhelikHes 63%he RN NH& 5@@%&9 RAI L
is used as mxing seawater in er - uallty restoring step f
gbove nﬁnt {ho?%g dllrregpedc%ttﬁl yf{ O?QBUbQévr\}gter for, cz?t%l%){"%aﬁr s(c::rail ﬁr?%p% aQyng
|sp03|ng an ir *he' acs S€awat ér I’'s a yzi ng
t he OX|dat| n re ion.r actl ns of n|tr ge OXId S u IubIe
and/ or 19V 1t té.% fﬁlﬁoﬁwe OFinof ﬁ@a‘geﬁewﬁ.tﬁs desiiel o %Begil? i pgid- aaﬁfﬂfron
filler is disposed in the acidic scrubbing environment to intensify the
r eh®vaenfrali@tion) whidheissdetgrinedestcording tohtheqequivelgnt of 3he acglictdns tachdi c
seawat er, seawater is mxed into the acidic seawater and then air is bl own
in. Anyemomtbﬁbhoﬁﬁ:l flaepat ambtheedlhdds tyrayuibel ensefitiecsehivateraFor applatibe in
seawat er. According to a chem cal engineering nmanual, the flow of the

seawat fodt REQAi I HIMA] power PlafN RAGRAISIENS fIREREd thaweef IS 8RVWRbEEss AT the
descri bed above. As used herein, seawater for being mxed 5 into the acidic

seawat ?ﬁan%oﬁ(ﬁ & 1{15'1% ﬁﬁﬁ\’yﬁg ﬂ( \'Y\/%'fctﬂe Q%%hﬂ sep@%@r ll'r? efﬁie :p?anfs;gr#@ Ql'i]%fem orb

acidic gas an us renalns a const tuting a par t ot al Iow

of seawat The seawat | it ng step i s pre | ete

on | naco i seaey e BoRoe LB Rttty et st ?lg}gd@mwnéﬁmﬁ?@ e

al so be conpleted at the bottonlof the catal ytic scrubbing device or in a
r ell@vanriregtipelaadingoto eensidfanble sgvingeingr@ey goasHapiyen delepperaiian.1Bart o the ant
seawater treated by m xing and aerating is discharged into the sea.

Al t er navtial 8oy, ofdrewatdnes dssicdseacgabingseawaterusthe stephdicatalgacatbnscrilgring of
conprehensi ve use, for exanple, for extraction of sodiumchloride or
magnesifife gl ahll dRe réhginimSprt antiserayatieingt Seadaes iBtheTwdtagq@dly aestatihfg
may be delivered to a subsequent process, which constitutes another

techni gal, solution. The ratio of the alkali volunme of the seawater for
scrubblng the flue gas 15to the acid volune of the flue gas to be scrubbed

may be-[b&%l at e?hgyab%og-rﬁge %n%@elr(];rl %‘e’%a?ytlc scrubbing with seawater carried out by

20  disposing an iron member in the acidic seawater is a process of catalyzing the
oxidation-reduction reactions of nitrogen oxides using soluble iron and/or iron salts
produced in the scrubbing seawater. Specifically, an iron filler is disposed in the acidic

scrubbing environment to intensify the removal of NOx. In the step of restoring the quality



“the.seawater for scrubbing flue gas. [0055] The main paraneters of this
enbodi nent include: [0056] Fl ow of flue gas: 3,100, 000Nn8/h (correspondi ng
to the flow of the flue gas fromthe boilers of an 1000MNt her mal generat or
set) 20[0057]1In the original flue gas: SO2 1600ng/ N8, NOx 610ng/ Nn8

[ 0058] Al kali-acid ratio of the seawater for scrubbing tothe flue gas: 6.5

[ 0059] @H&%’&H@éeﬁ&a&? §eﬁ%térqg§m'xgd tulf't% tﬁ@ raHlel?é Q&v%ﬁ@iv‘%c?fhen%%t is%l%gln in
[0060] I'n the puri | ue gas: N8, - 14- [0061] pH

o L0 LA SRS 5O PP T AT SR 78
sl 00641 ThlcS er%??a?%lrlnﬁlggrirllg r&aﬁ%a tﬂe ﬂ%%v E Odéeg?v%tter m?ox\(z:v 1cth tlp?;[ bi I’v&(/)nne uals
catal yt9 & g g © a own €q
- the total flow of seawater as described above. As used herein, seawater for being mixed
5 into the acidic seawater refers to the seawater which has not been used to scrub and absorb
acidic gas and thus remains alkaline, constituting a part of the.total flow of seawater. The
seawater-quality restoring step is preferably completed in an indi_vidual device for restoring
the quality of the seawater, and it may also be completed at the bottom of the catalytic
scrubbing device or in a relevant pipeline or channel. In the water discharge step, the
10  resultant seawater treated by mixing and aerating is discharged into the sea. Alternatively,
when the discharged water needs further treatment for comprehensive use, for example, for
extraction of sodium chlc;ride or magnesium chloride, the resultant seawater treated by
mixing and aerating may be delivefed to a subsequent process, which constitutes another
technical solution. The ratio of the alkali volume of tﬁe seawater for scrubbing the flue gas
15 . to the acid volume of the flue gas to be scrubbed may be regulated by changing the flow of
the seawater for scrubbing flue gas.
[0055] The main parameters of this embodiment include:
[0056] Flow of flue gas: 3,100,000Nm’/h (corresponding to thé_ﬂow of the flue gas
from the boilers of an 1000MW thermal generator set)
20 [0057] In the original flue gas: SO, 1600mg/Nm?, NOx 610mg/Nm’
[0058]  Alkali-acid ratio of the seawater for scrubbing tothe flue gas: 6.5

[0059] Concentration of iron ions in the scrubbing seawater: 32pg/kg

[0060] In the purified flue gas:'SO> 16mg/Nm°, NOx 320mg/Nm’



*scrubbing with seawater is carried out by adding iron ions through a device
capabl e of adding a ferrous solution during scrubbing. The main paraneters
of this enbodi nent include: [0065]Fl ow of flue gas: 1,100, 000N8/h

10[ 0066] I n the original flue gas: SO2 1900ng/ NnB, NOx 650ngy/NnB

[ 0067] Al kali-acid ratio of the seawater for scrubbing to the flue gas: 1

[ 0068] Comegnt r affr & tRf disERdt gk Wter! RothNBe SEIWANDBL-BG1HG3UALBhe dEOEP- 96 K9
[0069] I'n t he pﬁéifi e et o e R i g Jeyihe depislis pH of the

di sch - i estgr] device: >6.8
157 007 1B | ey SeomEraFfed ) S E el P B ED | 0072 Bnboct ment 3

[0073] This enbodinent is the sanme as the foregoi ng enbodi nents except that
the iron catalytic scrubbing is effected by using a netal with a | ower

el ectrochem cal activity 20 than iron as the cathode and a part of the

i ron miP@3lal | RmpRéingsYt Zbbi ng environment as the sacrificial anode which
rel eases iron ions. The main paranmeters of this enbodi ment include:

[ 0074] F0@e4]of fThis gmaboditych®0sOBONsBAd as Embodiment 1 except that iron catalytic

scrubbing with seawater is carried out by adding iron ions through a device capable of
adding a ferrous solution during scrubbing. The main parameters of this embodiment
include:
[0065] Flow of flue gas: 1,100,000Nm>/h
10 [0066] In the original flue gas: SO, 1900mg/Nm’, NOx 650mg/Nm’
[0067] Alkali-acid ratio of the seawater for scrubbing to the flue gas: 1
[0068] Concentration of iron ions in the scrubbing seawater: 106ug/kg
[0069] In the purified flue gas: SO, 76mg/Nm?®, NOx 380mg/Nm’
[0070] pH of the discharge water from the seawater-quality restoring device: >6.8

15 [0071] COD increment of the discharge water: <0.5mg/1

[0072] Embodiment 3

[00'73] This embodiment is the same as the foregoing embodiments except that the

iron catalytic scrubbing is effected by using a metal with a lower electrochemical activity
20  than iron as the cathode and a part of the iron material in the scrubbing environment as the

sacrificial anode which releases iron ions. The main parameters of this embodiment

include:

[0074] Flow of flue gas: 2,100,000Nm>/h



*[0075]In the original flue gas: SO2 1680ng/ NmB, NOx 580ng/ NnB

[0076] Al kali-acid ratio of the seawater for scrubbing to the flue gas: 200
[ 0077] Concentration of iron ions in the scrubbing seawater: 30011g/kg
[0078]In the purified flue gas: SO2 80ng/ NnB, NOx 180ngy/ Nn8 5[ 0079] pH of
the di scharge wat er fromthe seawater-quality restoring device: >6.8

0080 h Enbodi t 4
[ ] ncr |mant {%l tq}'llg:l % %gq6§€r}%§/g€m§%é exceggﬁ ] Y Inpn ’

[ 0082] nent hat the iron

o Yib@oﬁégdsfé*{@?lraﬁfivé“a% 35%5\%?@53%%3%1% P R0 Y L e

scrubbi ng environnent and using a netal with a | ower el ectrochem cal
activitl Q&Man | Fepceadrating of dtoRdaes Hndeseplibingpreaniéer PBMMgkEerial in the
scrubbing environnment as the sacrificial anode whi ch rel gases iron ions. In
this ef®®tlnentin theeucdredeie gisi 86, 80mg/¥m’| Dtk 130 &@&nseawat er f or
fulfilling the iron catalytic. 15 scrubbing with seawater is selected from

thesrange7qf 10pH@{3INOdEChirgywaitE Beh the kegras-qldit3003totigs Keyice THe8
paraneters different fromthose of Enbodi nent 1 include the follow ng:

[ 0083] @ﬁﬁi i -acceD aldrnéd: Jiike aR_RUNALE Wdtor: @@rﬁ@/‘?' ng to the flue gas: 15
[ 0084] ncentratl on of iron ions in the scrubbing seawater: 10n/kg 20

[ 0085] Enbodi nment 5

[0081] Embodiment 4

[0082] This embodiment is the same as Embodiment 1 except that the iron catalytic
10 scrubbing with seawater to which a certain quantity of iron ions is added is effected by

both disposing an iron rhember in the acidic scrubbing environment and usiné a metal with

a lower electrochemical activity than iron as the cathode and a part of the iron matgrial in

the scrubbing environment as the sacrificial anode which releases iron ions. In this

embodiment, the concentration of iron ions in the seawater for fulfilling the iron catalytic
15 .scrubbing with seawater is selected from the range of 10 to 300 micrograms per kilogram

(10-300pg/kg). The parameters different from these of Embodiment 1 include the

folléwing:
[0083] Alkali-acid ratio of the seawater for scrubbing to the flue gas: 15
[0084] _Concentration of iron ions in the scrubbing seawater: 10ug/kg

20
[0085] Embodiment 5
[0086] This embodiment is the same as the foregoing embodiments except that the

catalytic. scrubbmg is effected by having the seawater and/or the flue gas pass through a



" [0086] This enbodi nent is the sane as the foregoi ng enbodi nents except that
the catal ytic scrubbing is effected by having the seawater and/or the flue
gas pass through a - 16 .- nagnetic field which is applied by a nagnetic
material and has a magnetic flux density of 1-6000 gauss. The nain
paranmeters of this enbodi nent include: [0087]Fl ow of flue gas:

2, 900, 9%%%‘@@(: F el PUBIH R dppEic@byH Blonblid e 98341 23R LOAABANB 1ul@nsity of
670ng/ NnB 5[ 0089] Al kali-acid ratio of the seawater for scrubbing to the

cooo oiefiety i I8 Borrtetf AECBhk o Ml v, NS Soary e
Lo.s [ WMo ik et Set @@?nd?éesﬁétwiﬁ > ;‘z“%} o erne deviee
[0094] I[E(?(?SOSC]il rrenItn t?le original flue gas: SO, 2100mg/Nm NOx 670mg/Nm’ |
5 [0089] Alkali-acid ratio ofthe seawater for scrubbing to the flue gas: 7.1
[0090] Magnetic flux density of the applied magnetic field: 6000 gauss
[0091] In the purified flue gas: SO, 85mg/Nm?, NOx 303mg/Nm’
[0092] pH of the discharge water ffom the seawater-quality restoring device: >6.8
[0093] COD increment of the discharge water: <1.6mg/1
10
[0094] Embodiment 6
[0095] This embodiment is the same as Embodiment 5 except that the catalytic
scrubbing is éffected by both iron catalytic scrubbing with seawater to which a certain
quantity of iron ions is added aﬁd catalytic scrubbing in a magnetic field applied by a
15 magnetic material. The main 'parameters of this embodiment include:
[0096] Flow of flue gas: 1,900,000Nm>/h
[0097] In the original flue gas: SO, lSOOmg/Nm3, NOx 720mg/Nm’
[0098] Alkali-acid ratio of the seawater for scrubbing to the flue gas: 16
[0099] Concentration of iron ions in the scrubbing seawater: 3ug/kg
20 [0100] Magnetic flux density of the applied magnetic field: 3000 gauss
. [0101] In the purified flue gas: SO, 85mg/Nm’, NOx 203mg/Nm’

[0102] pH of the discharge water from the seawater-quality restoring device: >6.8

[0103] COD increment of the discharge water: <2.8mg/1



*[0095] Thi s enbodi nent is the same as Enbodi nent 5 except that the catal ytic
scrubbing is effected by both iron catalytic scrubbing with seawater to
which a certain quantity of iron ions is added and catal ytic scrubbing in a
magnetic field applied by a 15magnetic material. The main paraneters of

t hi s enbodi nent include: [0096] Fl ow of flue gas: 1,900, 000Nn8/h [0097]In
the original flue gas: SO2 1800ng/ NnB, NOx 720ng/ Nn8 [ 0098] Al kal i -aci d
ratio of the seawater for scrubbing to the flue gas: 16 [0099] Concentrati on

of iron.jpns in-the.scrubbing seawater: 3p.g/ kg 20[0100] Magnetic flux .
densi t}Oio(Pﬁt he %%’Ef)?hé%engrggnet ic field: 3000 gauss [0101]In the purified
flue gas: SO2 85ng/ NnB, NOx 203ng/ NnB [0102] pH.of the di scharge water from
the sed®H¥¥r - qubhist gmpedimsnt g ey pee ase Egbodimentcopexsset drerite ofellomans

di scharge water: <2.8ng/1 [0104] Enbodi nent 7 [0105] This enbodinment is the
sane ayaEmpddisirent 6 except for the follow ng paraneters: '

5 [0106] Alkali-acid ratio of the seawater for scrubbing to the flue gas: 86
[0107] Concentration of iron ions in the scrubbing seawater: 210ug/kg

[0108] Magnetic flux density of the applied magnetic field: 1 gauss

[0109] B. The technical solution of the device specially used in the process for
10 simultaneously desulfurizing and denitrating flue gas with seawater of the invention will be
further demonstrated with reference to the drawings and the following embodiments.
[0110] | Embodiment 8
t()lll] As shown in Figs. ‘ 2 to 5, the technical solutions of the device for
simultaneously desulfurizing and denitrating flue gas according to the process of the
15 invention are as follows. The device includes a system for catalytically scrubbing with the
seawater, a system for restoring the quality of the acidic séawa_ter and a controlling system.
The system for catalytically scrubbing with seaV\;ater includes a scrubber 1, a flue gas inlet
2 of the scrubber, a flue gas outlet 3 of the scrubber, a seawater inlet 4 of the seawater for
scrubbing flue gas and an acidic seawater outlet 5 of the scrubber. The system for
20  catalytically scrubbing with seawater in the invention further includes an iron member or
an iron-ion-adding device for increasing the iron ion content in the seawater, and/or a
magnetic device for applying'magnetic field on the seawater for scrubbing flue gas and/or

on the flue gas. An iron member is used in this embodiment to increase the iron ion content



" 5[ 0106] Al kali-acid ratio of the seawater for scrubbing to the flue gas: 86
[ 0107] Concentration of iron ions in the scrubbing seawater: 210gg/ kg

[ 0108] Magnetic flux density of the applied magnetic field: 1 gauss [0109]B.
The technical solution of the device specially used in the process for

10si mul t aneously desul furizing and denitrating flue gas with seawater of

the inyemid Qlawdtkl. TR kidtEMefordRIRMAH r@lreegqemtpmfr BcCs Qs dav at dreind @il NY'S
and the foll ow ng enbodi nents. [0110] Enbodi nent 8 [0111] As shown in Figs.'
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i nvention a as f.ollows.. The device includes a systemfor catalyticall
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acidic seawater and a controlling system The systemfor catalytically

scr ubbRrigawpten inBawaintst § 9E¢ Glrss ta dch ber 1m the watgraughisy reteser £; gnd e
scrubber, a flue gas outlet 3 .of the scrubber, a seawater inlet 4 of the
seawat eerafiog mzrlebbd ndjsposed gatheamdtamuaticdirestemawatcommuticaes Svith thheair
scrubber. The systemfor 20 catalytically scrubbing with seawater in the

i nvent biywdrurtthesughnel alelekovaingichemgrg@aber or an iron-ion-addi ng device for
increasing the iron ion content in the seawater, and/or a nagnetic device

for appyprizj9 magaelive furlefl dBRohiitatsaVRIIRIwd Or scrubbing flue gas and/or
on the flue gas. An iron nenber is used in this enbodi ment to increase the

iron i ntent -.18 -. of the,seawater. 2 t Iy storjng t
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communi.cating. wi,t h an, aci di ¢ .seawat.er. ch I t er,.channel 10,
ol ke i s Gl o b era e danctarie BB TT Fu RO B T

and a seawater inflowinlet 8 are close to each other in the water-quality
r ebQ or éxed or seplaggable iron element. Alternatively, both an iron filler and an iron element are

disposed in the scrubber 1. The scrubber 1 in the system for catalytically scrubbing with
seawater may be designed and manufactured or selected according to a chemical
engineering manual. A flow regulator 1.7 of the scrubbing seawater, consisting of an
adjustable valve and a speed-regulating pump, is disposed in the scrubber 1. The iron layer
15  of the iron filler is in ciif’ect contact with the acidic seawater to increase the iron ion
concentration of the aeidic seawater. The iron filler may be replaced through the door
opening 1.9 for replacing the iron member.
[0114] As shown in Fig. 5, the system for restoring the quality of the acidic seawater
includes a water-quality restorer 6 which consists of a pool, an air blower, an air channel
20  and an aerating nozzle, wherein the pool has a volume that can achieve an aerating time of
1 to 25 minutes, and the air blower can control the ratio of the air flow blown into the
seawater in normal cubic meter to the seawater flow into which the air is blown to be in the

range of 0.2:1-10:1. The water-quality restorer 6 consists of pool bodies with a mixing



" 5aerating nozzle 13 disposed in the water-quality restorer 6 communi cates
with the air blower 11 through an air bl ow ng channel 12. [0112]It may be
further denonstrated as follows. [0113] As shown in Fig. 4, the iron nenber
in this enbodinent is an iron filler disposed in the scrubber 1 which can
be in direct contact with the acidic seawater, or a 10 fixed or replaceabl e

i ron elrg{@idh- afd LRI 4t ML FhctidAt th ale iR Hddy! ®ithaddhidthd THttRheMBO b€
di sposed in the scrubber 1. The scrubber 1 in the systemfor catalytically

osed T !
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the iron filler is in direct contact with the acidic seawater to increase

t he ir epidioseespieent? dhpbrhofacidie wevale seavigadiced Tt jthemixing efongagnde
repl aced through the door opening 1.9 for replacing the iron nenber.

[ 0134] Asbrabiped in nhd-algalife seawatayisttberséovateegudity mgstotieg dawicetiy thdf cardétion
acidic seawater includes a water-quality restorer 6 which consists of a
pool , @ baing BbRYEY frognaidi I banRkelg 26haNHe atidaesatvalg MOZE! with Wetikbliné he
pool has a volune that can achieve an aerating tine of 1 to 25 m nutes, and
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seawater in n cubic nmeter to the seawater flow intdo which the air 1s
bl own t,0 .be in.theA

an f Q.2 1-10: 1. The water-qguality restorer.go..
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function, . In the pool body with a nixing.function, t aci di.c seawater and
t he fr@é‘h“‘%‘e’é‘xﬁa"t’%?r'a%htbﬁr?%aferasr?dt/h&? ét%“ﬁh%&%l‘”%@é%‘? g}e ‘iﬁka ST AR 00l
body with the mxing function comunicates with the airtight pipeline for

t r 4Rspbet imnged hin adiediripdewndreéere deintharanspertadi & ctheeanaing g mir dieiced
into the m xing zone and 5 subnmerged in the alkaline seawater in the

seawat seawatat-gtylityeststarringg dedve.c€he rppdohebadiyndiithi tre aérabeg ngncsed atad beram
air. In the mxing zone, the acidic seawater mxes with the al kaline
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water surface during mxing. Aternatively, the pool body with a mxing
LSRRI PPl AR, LB B L SRLET P 884
nozzle, or aerating head, may be deéigned and manufactured or selected according to a
15 chemical engineering manual. The seawater-quality restoring device is arranged separately.
The seawater inflow inlet 8§ comprises two inflow inlets -1 a'nd 8-2, wherein tﬁe inflow
inlet 8-1 for early-mixing seawater is located near the acidic seawater inflow inlet 7, and
the inflow inlet 8-2 for late-mixing seawater is located between the aerating nozzle and the
seawater outlet 14 along the flowing path of the water. The aerating nozzle 13 is composed

20  of an aerating nozzle array 13x consisting of aerating nozzles which communicate with the

air blower through the air channel.

[0115] Embodiment 9



10 be mxed in the pipeline before being transported to the m xing zone of
the seawater-quality restoring device. The pool body with the aerating
function may be a shallow aeration pool, in which | ess energy is consuned
and higher efficiency in renoving carbon dioxide is achieved, a mddle or
deep aeration pool may al so be used. The aerating nozzle, or aerating head,

mey be é@ﬁsdgg ”edTgﬁQf’e%%ﬁtt Wl s oS! IBRbEHnAGE %r&igggtl {9t s R GASH! I§§.|4,

engi neeri’ng nmanu eawat er-qual ity restoring ce’i s arrange

separatel y. e seawater inflow.inlet 8 .conprises two inflow.inle 8-1 and
552" ws PR T e amcroBaT eShoBu R A Tyt U nlbi pPeot 8 s
the acidic seawater inflowinlet 7, and the inflowinlet 8-2 for '

| at e- nifsirews sdlutian anflpy inkt dr@awherciietie trhe igR EEREAENAGHYY B ¢yepasge of the
seawater outlet 14 along the flowing path of the water. The aerating nozzle
13 i s corposedv@er of thenseasmatdripgl ro2kd botiomayf thexscewhtsi slt, iangireof measrberilng
nozzl es which communicate with the air blower through the air channel.

[ 0135] Eub@digednin e ddidit GedWater abodbirpiielings tfithe traasporasg b adidie Béaviater.
except that, as shown in Fig.4, the scrubber 1 conprises an iron ion

gener atiyaGu¥ick gePir© ietter 30 Md 812 iIRMTPiptliBePitd réplheédbdsisr s@libid on inflow
inlet 1.6, wherein the iron ion generating unit is conposed of the acidic

seawater in the seawater pool at the bottom of the scrubber 1, an iron
menber 1.5 5subnerged in the acidic seawater and iron pipelines for

transp ihg th ci.dic seawater. The subnerged iron nenber 1.5 and the
i ron pﬁéL*ﬂnes EP@OFHBVQé’abIe_or addi bl e. [0117] Enbodi ment 10 [0118] Thi s

enbodi ment is the same as Enbodi nent 8 except that, as shown in Fig.4, 10
an i rod01bBH- addihiy @eRedimepkisdhe samedsdimbadimseat §syeeptithat. pgtshpyn igrFig.4,
injector that communicates with the ferrous solution inflowinlet 1.6
andfor aaniioneionixidigenkvatel ng dgwiseé ps thes posblenn ,t et sty uibenjettor that
communicates with the ferrous solution inflow inlet 1.6 and/or an iron ion generating

device is disposed on the scrubber 1.

[0119] Embodiment 11
15 [0120] This embodiment is the same as Embodiment 8 except that, as shown in Fig.3,
the system for catalytically scrubbing with seawater includes a magnetic device for
applying magnetic field on the seawater for scrubbing flue gas and/or on the flue gas. The
magnetic device is a magnefic filler in the form of a magnetic member 1.5’ disposed in the
_ scrubber 1. The material of the magnetic member is ferrites with permanent magnetism, or
20 alloy steel, or a rare earth magnet such as neodymium-iron-boron powder metallurgical

material, etc.

[0121] Embodiment 12



*[0119] Enbodi nent 11 15[ 0120] Thi s enbodi nent is the sane as Enbodi nent 8
except that, as shown in Fig.3, the systemfor catalytically scrubbing with
seawat er i ncludes a magnetic device for_applying nmagnetic field on the
seawat er for scrubbing flue gas and/or on the flue gas. The nmagnetic device
is a magnetic filler in the formof a nmagnetic nenber 1.5 disposed in the

scrubbggizh)] ThernBt&fibAim@ht iehdTREANEdsCEMBBBRN erlt ST If @kEdpt @RatMHeNsReBBENT
magnetism or 20alloy steel, or a rare earth magnet such as
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system.for catalytjcally scruhbing wth seawater includes both an iron
menber 197 EoTReF E4he Jea Ve aaf 4 Grredsht SRTmPe (e U BPLaaE Bk gRps o

menber for applying nmagnetic field during scrubbing. In one schene, an iron
nenber SEdLINge rlBanh geharac, a@nrqrbm%bﬁre?ﬁr inreasngs thee iipat W §enthboith the
Fig. 4 is disposed at the | ower portion of the scrubber 1 for catalytic
scribbisagwvatiet hs sleawaireFig. whisl dsposedghélid bwarnvetiof of tiappdrybbey I fre amedpet i ¢
“field on the seawater for scrubbing flue gas and/or on the flue gas as

shown iserubbéhg Withsewaosetilata hhgndiipaemper foroappdfing ke sedgubbierfield ohnhe
anot her schene, an iron magnetic nenber as shown in Fig. 3 is disposed at
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materials with permanent magneti sm and contacts the acidic seawater.

l[’gi_tzg}’ 2‘1% ﬁlg ngrtl%];l ()tt}}ge SOTRBRED By iar'l’]otflehresc%%{n%?gg i aérﬁl&ic\’\r@lte%rbéggg lsflcg\k{n in
Fig..3 is disposed at the upper portion of the scrubber 1, wherein the member is made from
10 iron materials with permanent magnetism and contacts the acidic seawater.
[0123] Any one of the components in the scrubber and the water-quality restorer may
be designed or selected according to relevant chemical engineering manuals. The scope of
the invention is not limited to the foregoing embodiments. |
[0124] The pro;:ess and the device for simultaneously desulfurizing and denitrating
15 flue gas according to the present invention exempt the use of chemical raw materials,
require small land area, bear low capital cost, and exhibit high efficiency in reducing

emissions and high reliability, particularly suitable for medium or large scale thermal

power plants to simultaneously desulfurize and denitrate flue gas from boilers.



" be designed or ‘sel ected according to rel evant chem cal engineering manual s.
The scope of the invention is not limted to the foregoi ng enbodi nents.
101241The process and the device for sinultaneously desul furizing and
denitrating 15 flue gas according to the present invention exenpt the use
of chem cal raw materials, require gighls | and area, bear |ow capital cost,
and exhibit high efficiency in reducing em ssions and high reliability,

particul agl i le f i r : p | ant ;4.0
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1. A process Lor Si.mu tap§§g§lﬁrdesulfuriziq% and denitrating the flue gas
with SERVHPe NRRGFIZES b} SRTOPERCOMPE'SEY ¥CBYs conpri ses steps: A)
catalytically scrubbhing the fluye gas with the seawater, wherein the fl ue
gas 5 cont &) rfidta)Yieeadlya ferukeing; Qlecgltuﬁl 8ASi Walfy &esé?%%rd Wherpin Hee SMgwdser to
renmove SO2 and NOx fromthe flue gas, and the purified flue gas after being
de8ul fconfamsug &t aehNQxaiedatahdicaly dcobbedweitle the geavedtedte iremyove Sthindg ar e
.di scharged; the catalytic scrubbing refers to iron catal ytic scrubbing

car r i et tiommHefliehgass eadvitiecpurifaad fige gascaftdraiein gydiesnd futizedand demitiacrisanar
with the seawater to which a certain quantity of iron ions are added,

- and/ onaciiRe Bedv ferl R atedl diring SrtbbIRE NGe @chhpdd OtHe Eitaljaivi SREuHBIGy Sefawatoer
and/or the flue gas pass through an applied magnetic field; B)

L est Ori g _ D : aci dic
i schar DM Bt ShEu ML SR AR B PR BRI st on
and alol with l9t|1e0\anaV\|/art]é whRnl 9 cglltgi%h 95 )af %?{gnti% sql'tllgla'dﬁgd O;Ind%}emggﬁeq{cc
seavater i's 1ef0red o neet  ERvVi o nen%aP protectron requirenments.

2. The sinmultaneausly desul furjzi.n nd denitratin ocess of claiml,

chAr aCRRIY ot TP PR SAroont B had e seavale Al oy Thel BHE ERoPS RS Favi ng

a certain quantity of ironions is carried out in the scrubbing step with

t he seaphekemagastingeldn iron i on concentration of 3 to 300 nicrograns per

ki | ogram (3-300g/ kg). 203. The sinultaneously desul furizing and denitrating
process oB)absonmgd quelityr afctheraczbcl seawater, wherein the acidic seawater discharged in

step A) is mixed with seawater for acid-alkali neutralization and air is blown in, so as to
discharge after the quality of the acidic seawater is restored to meet environmental

15 .protection requir-ements.

2. The simultaneously desulfurizing and denitrating process of claim 1, characterized in
that the iron catalytic scrubbing with the seawater having a certain quantity of iron ions is
carried out in the scrubbing step with the seawater having an iron ioﬁ concentration of 3 to
300 micrograms per kilogram (3-300pug/kg).

20 3. The simultaneously desulfurizing and denitrating process of claim 1, characterized in
that the iron catalytic scrubbing with the seawater having a certain quantity of iron ions is
carried out in the scrubbing step with the seawater having an iron ion concentration of 10
to 300 micrograms per kilogram (10-300ug/kg).

4. The simultaneously desulfurizing and denitrating process of claim 1, characterized in



“that the iron catalytic scrubbing with the seawater having a certain

quantity of iron ions is carried out in the scrubbing step with the

seawat er having an iron ion concentration of 10 to 300 m crograns per

kil ogram (10-300[tg/kg). 4. The sinultaneously desulfurizing and

deni il MR TGS Sedblatll R BerdibbEAMR G dktbpbflas & d%hiid BEy

seawat er af o? scru%%? ngathe E\tue gas gepen anS f% I -aC| ratl(lso oe t he
vol une t he
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or ubBERGHPhET AP e e Gy SpaRGio B By iyt SRS log OB “@a‘ﬁ Ynges
from1l to 200, where e al kalj vol unme of the seawater far scr t he
f1ue @a§9a§1dawamd8’tth8f 4R k2 b WB# bachEangen fiarbn 8 HHk twftﬂr?le& I”‘iaﬂ‘e
flow of the seawater, the alkalinity of the seawater equals to the total

al kal ivalunye pfithe)seawatendor eerubbiae the Auarees is a preduct ebrikapiaityldfithe s¢awasay 1) |
and the flow of the seawater equals to the value of the seawater neasured
i n5m Inhultiptied bpehe Hoaw ofrthé kspawbtee theialkaloliymef die sdmvdtéuequypds td chdeotal
scrubbed is the product of sulfur concentration of the flue gas multiplied
by t halkdliawyqAKeof the@egrster intrssrelifin rmi¢1qm61%r;serrattépnnﬂ@wj, 9nl GhSABw1EX
concentration of the flue gas neasured in mlligramper normal cubic neter

(/N seadifer! dfiafs! t‘BV’t’thvaId?:eofftth%eQ\@ﬁePH%hﬁea @n Ylﬁhlﬂ?cepf)ert H@urf (ntieh)9a%
measured in nornal cubic meter per hour (N
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aracteri zed e |ron ca |c S&F ubbi ™ Seawat er
to Wmcha ertai qantl iron iq added is thelro catglytic
scr ublgEngaHRied Q)éd‘anHO‘ﬁ’m 48 Bhe cRhepdlF iy ?%ﬁn%%%req,uaﬂt di ¢
seawat er and/or nmaking iron material in cont act with the seawater jnto a
safri fepasatrainb @ thi e gamaaanyed de notligamenar derwabesiie mfteradrs/ g ‘2 #8k r ous
solution to add iron ions. 6. The simultaneously desul furizing and
deni t ithe flny @fitbe ébs G egnylsdneabfe eff the fluelgasondgsul whearae enbizedetenpehat
the magnetic catalytic scrubbing is carried out by having the seawater
and/ ohouheNfP g gas pass through the magnetic field with a magnetic fl ux
density ranging from1l to 6000 gauss. 7. A sinultaneously

desul furi zi fge ﬁ%lﬁ%@bﬁﬂ?%ﬂgfﬂﬁz\{ﬁgﬁn& @EniftalRh @ pREss Sangidielor aRGRYShY 4,
desul furizing and denitrating flue gas with séawater, characterized in that

24 chatalferfey! '18 cthab e | §RES ¢ cftaiitie g &ﬁﬁ&ﬁ%al Il{fllt){é s%%la%l CSWR}%”Q Mt then

seawater and a res ter,
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of the scr ubber a seawater inlet (4) of the seawater for scrubbing flue
gas, dlsposing an iron member in the acidic seawater and/or making iron material in contact
with the seawater into a sacrificial anode and/or making use of a device capable of adding a
ferrous solution to add iron ions. |
6. The simultaneously desulfurizing and denitrating process of any one of claims 1 to 4,
20  characterized in that the magnetic catalytic scrubbing is carried out by having the seawater
and/or the ﬂqe gas pass through the magnetic field with a magnetic flux density ranging
from 1 to 6000 gauss.

7. A simultaneously desulfurizing and denitrating device for a process for

simultaneously desulfurizing and denitrating flue gas with seawater, characterized in that



5 acidic seawater outlet (5) of the scrubber, an iron nmenber or an

i ron-ion-addi ng device for increasing the content of ironions in the
seawat er, and/or. a magnetic device for applying magnetic field on the
seawat er for scrubbing the flue gas and/or on the flue gas; the systemfor

rest ogh e dibe cOplisdsya @?st%ﬂefo@@agilﬁi&@@“@tr@ﬁbihg'Wiﬂgﬁﬁa Se W& aftualshdtym
restorer ( communi cating with an acidic seawat er channel (9), a seawater

6),
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seawat er a seawa are close t each

other i.n the water-quality restor 6); the.ai | over (1 co ni cat es
o th st tEeieRRg e 95Rges $raogh Shed Mhe et sl o). Shie g hndy Bl 64

t hrough an air_bl owi ng channel (12). 8. The sinul taneoysly

desul PuHrz{NPTatha sqelderat seRvaevte ¢ ofi e seavachdPaitapPrgd i h st Hat
the iron nmenber is an iron filler and/or a fixed or rep|laceable iron

el Brentidit sypostet dutlet kD ofcthglsbarbben )an; irorymeaber @b an atan-ignt #ldimg dgwrelfer
seawat er . 9. The sinultaneously desul furizing and denitrating device
of cl amdreasing ter aaitenti afeidon mortshiat the seaw aten-dndreraal diaggetde decieceifsr appliyimgect or
comuni cating with a ferrous solution inflowinlet (1.6) and/or an iron ion

gener afidghgtitlfiield o siRosadatst fohecrabbinghie flid)gas 20d/otOn thé Elusigaw) thanesesl y
desul furizing and denitrating device of claim?7, characterized in that the

RInEILE i e RO i Ll Bl anepumaanehiay e i
Seawatc%{nn%pnqéé?{ngf\!vﬂﬁ a%%d%@%@il%tér channel (9), a seawater channel (10), an air blower
10 (11) and a seawater outlet (14); an acidic seawater inflow inlet (7) and a seawater inflow
inlet (8) are close to each other in the water-quality restorer (6); the air blower (11)
communicates with an aerating nozzle (13) disposed in the water-quality restorer (6)
through an air blowing channel (12).
8. The simulténeously desulfurizing and denitrating device of claim 7, characterized in
15 that the iron member is an iron filler and/or a fixed or replaéeable iron element disposed in
the scrubber (1) in direct contact with the acidic seawater.
9. The simultaneously desulfurizing and denitrating device of claim 7l, characterized
in that the iron-ion-adding device is an injector communicating with a ferrous solution
inflow inlet (1.6) and/or an iron ion generating unit disposed on the scrubber (1).
20 10. The simultaneously desulfurizing and denitrating device of claim 7, characterized
in that the magnetic device is a magnetic filler or/and a magnetic member disposed in the

scrubber (1), and/or a magnetic member disposed in the scrubbing seawater and/or flue gas

channels.



