PROCESS AND DEVICE FOR SIMULTANEOUSLY DESULFURIZING AND DENITRATING THE
FLUE GAS WITH THE SEAWATER Technical Field 5[0001]The invention relates to a process and a
device for simultaneously desulfurizing and denitrating flue gas with seawater, i.e. simultaneously
removing SOx and NOx from flue gas with seawater, particularly suitable for reducing emission of
pollutants such as sulfur dioxide and nitrogen oxides from, for example, boilers in a thermal power
plant, which belongs to the technical field of atmospheric environmental protection, and 10more
particularly, belongs to the technical field of simultaneous desulfurization and denitrification of flue gas.
Background Art [0002]Emission of two major types of pollutants, namely sulfur dioxide and nitrogen

15 oxides, from inrgﬁs(t)ralﬂgge %@ must be reduced in order to protect atmospheric environment.
However, conventional Proceases 1 FeGUtiRG BnfitMEALANE QUL VM rosdgd Nt and a

denitrating process unibssparalebrheyEREOPIAT 3R A GW PPy, high,cppgiructional and
e

‘operational costs, etc., due to their complex process structures and enormous resource consumption.
Thus, conventional processes for 20 removing SOx and NOx separately are severely restricted in
terms of poliagbaiaeVielidn and environmental protection. To prevent and control pollution caused by
SOx and NOx and thus protect the atmospheric environment effectively, there has long been a need

for an ?ntea{r(}ﬂ@aﬂ enviroteRtany fieriglyeschiwlegyforcesducing emissians, aod estpectation af, an
ical solution of simultaneous desulfurization and denitrification of flue

environme talM ffriendl(}/ te%?g . sulfe
gas. [0003{IRTErnAtEREI: HE T PR EHEHes Viteeptitairfidld. ciniviahanesdys desulfarizatiomand
denitrificat%gfélgl% 1S are ma}'gﬂ as following: 5][00041DESONOX %)rqcess, developed by Deaussa
Company, Germany, etc (see |g.¥7ﬁ%vaﬁeerre‘?ﬁ RS SBRRG® AONISY séneprayat dnto e lgas firstly,

and then thg dlug Oas grters.aifixed reactor with double-layer catalysts, the first of which is a
selective catalytic reduction (SCR) c%?a yst ma 1(\-:-él%sf foble e %’%ﬁ%ﬁ’né@ﬁﬁéﬂiﬁnﬁ@%%ltBO(’f‘éﬁ‘élyze
the reductisraef NichybMbk 1o qandeHZR. Anglihe segand of which is an oxi UV tection, and

10 more particularly, belongs to the technical field of simultaneous desulfurization and

denitrification of flue gas.

Background Art
[0002] Emission of two major types of pollutants, namely sulfur dioxide and nitrogen
15 oxides, from industrial flue gas must be reduced in order to protect atmospheric
environment. However, conventional processes for reducing emissions using a
desulfurizing 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 consumptioﬁ. Thus, conventional processes for
20 removing SOx and NOx separately are severely restricted in terms of pollution alleviation
and environmental protection. To prevent and control pollution caused by SOx and NOx
and thus protecﬁ »thc atmospheric environment effectively, there has long been a ﬁeed for an

integrated, environmentally friendly technology for reducing emissions, and expectation of
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10desulfurization catalyst of noble metals to catalyze the oxidation of SO2 to S03 which is absorbed
by water and then condensed to form sulfuric acid; [0005]PHOSNOX process, developed by University
of .California, USA, wherein NO is oxidized to NO2 by 03 and 0 produced by yellow phosphorus, while
yellow phosphorus  is oxidized to P705 which folins phosphoric acid and the NO2 oxidizes SO: in an
aqueous 15solution to SO42- and itself is reduced to hydroxylamine disuiphonate, ammonium salt and
other S-N compounds; 10006]PPCP process, developed by Fulgui University of Technology, Japan,

wherein diigh-gnesamelaetion & gensrated by m%%cel rator are used to, disspciate gaseous
molecules in flue gas into 0. OH; 1-107 and other aé)tive1 groﬁ%s %ﬁ%%agff |§e%é‘;f§ﬁ@ei\tllﬁg< B8 foini
ammoniutesiifidiesgid ammenig nitrate after ammonia is added; and so on. [0007] Domestically in

China, patented or patent pending technical solutions of simultaneous desulfurization and
denitrificalfiid 3f flue gasinciodeliapplicationNes 20064001 2525:2 developgd, by b&Off&bm%*?e'QaeE'ect“C
Power University and en "Liquid Phase Flue Gas Desulfurizing and Denitrifying Puri ication Method
and Appatatusfiiticieinead absoriftion solufitn ofsediurm ehioyite with,agambined additive, including
calcium hypochiorite, hydrogen peroxide solution, disodium hydrogen phosphate, etc., is used to
absotb sﬁﬂpaioxide%aqmwm@@aesdfmmm dasIean ejeCtion buhbiiagnbiyrogesss.and patent
No. 01105698.3 developed by East China University of Science and Technology and entitled "Process
For Remavin NEEHWASEoe4en |(@Ha)cisnplaxationtcafalysisprocess mithisehakt e gas
bis(ethylenediami gf ggrein a catalyst including metal oxides such as NiO, Co304 loaded on Al203
is used tO BXidiz2 rﬁe {{cv) DIRPT afkbnosslatiscaridt sl 1DF0GOS] Tfewekisting techiicdl e

solutions gf simultaneous d rization and
c%te%lg%zc reduction FSS(EE% cata&yst made of noble metals such as vanadium, etc., to catalyze

the reduction of NOx by NH; 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 condensed to form sulfuric acid;
[6005] 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 P05 which forms phosphoric acid, and the NO, oxidizes SO, in an aqueous
15 solution to SO4* and itself is reduced to hydroxylamine disulphonate, ammonium salt and
other S-N compounds;
[0006] PPCP process, developed by Fukui University of Technology, 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 nifrate after ammonia is added; and so on.
[0067] Domestically "in China, patented or patent pending technical solutions of
simultaneous desulfurization and denitrification of flue gas include: application No.

2006100125252 developed by North China Electric Power University and entitled “Liguid
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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 absorbents and catalysts, particularly the noble catalysts, results in excessive
consumption of resources and energy, complication of process, low 15reliability 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 20prior arts essentially and to
provide an integrated, environmentally friendly technical solution for reducing emissions of pollutant

without furthgg addinanable o5 sesRndan:-Pallu oo AENEING abSThANIs LA B0 cafalysts, which may

save resources and energy, use a simplé and reliable proess, bear low cost and Tea no secondary

pollution. Spiesifically. thedeshnicabsrlutionrinyelves apsecess:and adeviceforsimulianequsly .

desulfurizing and denitrati.ng flue gas with seawater as the main absorbent and catalyst. 10010LThe
technical schittonmoh gimcilienizeus diksubrieation ardidepitlitcaionef fiegas Withssaawater tq,
achieve the object of the present invention is as follows: [0011]A simultaneously desulfurizing and
denitrating preédssapofluegdsrwith:déawateninoldes belowstepsiud) catalyticad stoubbipglthe flue
gas with the seawater, wherein the flue gas containing SO2 and NOXx is catalytically scrubbed with the
seawater t@TefidVe HD RiEPNOR filohh e fie dras] aird! therFewe hiifrell fivergds aftéicbeingand
desulfurized and denitrated and the acidic seawater formed during scrubbing are discharged; 10
wherein the' &34 @%cﬁ?&biﬁﬁti‘gféjrs to ety saaBimag Yattied ont Witksthe Sesiwaterhaving a
certain quaggit ?f iron ion§a r with the seawater to which a certain quantity of irgn ions is added,

and/or mamietit catalytic serabbing carned out® ZH&\AH& FiaeEnivart gntor e T gaLHasst
through an gpplied magoete feld: ) restorinae,ualib, o1 the, acidic seavater, whereln the acidi
seawater dischargéd in the step A) Is ‘

in an alkaline solution; and so on.

10 [0008] The existing technical solutions bf simultaneous desulfurization and
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 absorbents 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 .nobie 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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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 cienitrating process, the iron catalytic ‘scrubbing with seawater
having a certain quantity of iron ions is carried out in the 70scrubbing step with the seawater having an
iron ion concentration of 3 to 300 micrograms per kilogram (3-300 jig/kg). [0013]In the simultaneously
desulfurizing and denitrating process, the iron catalytic scrubbing with seawater having a certain
quantity $xf éofi delis,isicandedoutlin tiheti seridhingestep witbethe seawatethaving amikORIoH:s]
concentra-on of 10 to 300 micrograms per kilogram (10-300 jig/kg). .{0014}In the simultaneousK/
desulfuriking) fandideritdting provassutheflow tbf thewseawaterfarserthbing thefluesgassdepends on
the alkali-acid ratio of the seawater for scrubbing to the flue Ras: the alkali volume of the seawater for
scrubbirld ¥ &8Jlue gasy tsehacidlvehiniof e fiuel Rasdoshéesattibbediranges fienitd fie2200, wherein
the alkali volume of the seawater for scrubbing the flue gas is the product of the alkalinity of the
seawater HEURD SRRV IRE Se dhwarbrethe Bikaltitycor the sutwwdteretuills o the total
aIkalinityéALK) of the seawater measured in millimole per liter (mmo1/1), and the flow of 10 the
seawatel'0dals to the VA BF IS L e ARAtEFHIERS LSS irf ARG BePIRear (a7 1 1ye amestiel deid

volume of the fluergcqsdirg t%eefllsc,Tutbbe_dlgx the product of the sulfur concentration of the flue gas
multiplied By tha flow of thaTIe G5 the STt CORBERtSHBRCMARE 18 tHet80Y EbrRErFANGHTGf the

flue gas red.ig, milligram per normal cubic. meter (ma/Nm3), and the flow of the flue gas equals
to the va‘?&%%%%h%g?lﬁt% %rﬁ%%%&?é%i?ﬁ "%ﬁgi?‘é%éﬁé?ﬁe%%cﬁ Wh%ﬁ?t?% t%fg[ém%%’c}m & to
simultanggusly. desulfuriz lg-and.glenigrating process, the dron catalytic .scrubbing with.seawater to
which a certain quantity of iron iorns is added is?%% ir%nndcg%g?yt%F sg?ﬁgbﬁag%?h 3h ac |Flagb§1r%tess of
dlspOSIn&emmm%ﬂ@%ﬂ?tm%@%%%@%eﬁers@QG/QJemlﬁﬂgd'fM@%lk@n%‘gﬁé‘%%QrE%

seawater into a sacrificial anode 20 and/or making use of a device capable of adding a fen-6us
solution o adlehirgieiQAslytic scrubbing refers to iron catalytic scrubbing carried out with the

M

seawater having a certain quantity of iron ions or with the seawater to which a certain
* 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) 1s
15 mixed with seawater for acid-alkali neutralization and air is blown in, 50 2s 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 scrubbing step with the seawater having an iron ion concentration of 3 to 300 microgramé
per kilogram (3-300ug/kg).
[0013] In the simultaneously desulfurizing and denitrating process, the iron catalytic

scrubbing with seawater having a certain quantity of iron ioms is carried out in the
_._4__.



[0016]In the simultaneously desulforizing and denitratmg process, the magnetic catalytic scrubbing, is
carried but 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. 100171The technical solution of a simultaneously
desulfurizing and denitrating device for a process for simultaneously desulfurizing and denitrating the
flue gas with seawater is described as follows: the device includes a system for catalytically scrubbing
with the seawater and a system for restoring the quality of the acidic seawater, wherein the system for

cata Micallg&g@mpglgt it@-ﬁgﬁygastgg\}j,gglu es a scrubber, a flue gas inlet of the scrubber, a flue gas
outlet of the scrubber, g¥ seawater injet o?rtﬁlgvslgaﬁgtglp Fol°ScrobBing FitRe gds. b aditisésawates

outlet of the acrallesam Uq@,m%m%gr or an iron o adding device for increasing the content of iron ions
in the seawater, and/or a magnetic device for applying magnetic field on the seawater for scrubbing

the flue gagtanalpr on theifueigasi-lQdhe systemdor testoringithe quality. of the acidic seawater
eludes a water-quality restorer, communicating with an acidic seawaterchanne ’a seawater cﬂéeimel,

an air blowesearidea ‘Seaswatebivgtlets aiacidic seswaterinflowiniet ang a seawaterinflow inletare
close to each other in the water-quality restorer; the air blower communicates with an aerating nozzle

which 7s di$FBEEInA theélwdter-guailitycrestorer throught ancaie blaving, cbanneksL5(004 llp.the . .
simultaneously desulfurizing and denitrating device, the iron member an iron filler and/or a fixed or
replaceabl&THon ¥ident Higposeermt theesurubbadirectsdriact with thevaicigdicrseaveatar: [048lin the

simultaneoo%s{%ggsgglggézi%;r and denitrating device, the iron-ion-adding  device is an injector
communicating with & Sirots SOITaGHEINtOW #l e aria/Brear debrsion Zogehedating uhihdisposed:on the

scrubber. [Q0207:n the, simultaneo desulfurizing and denitrating device, the magnetic device is a
magnetic filler a%id/otiy m%g%gﬁc ?#?r}rqeb%?ac‘flvélﬁ%séﬁéi e s l%é%, AffRBE EREgEtitontbmioen

disposed initheisgsubbing) sgawater gadior the flue gas chanr %Ilsa'e;-l?te-r (mmol/l), and the flow of
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 of the flue gas measured in milligram per normal cubic meter (mg/NmB),
and ?the flow of the flue gas equals to the value of the flue gas measured in normal cubic
15 meter per hour (Nm®/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/ormaking use of a device capable of 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 causs.
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[0021]The technological principle of the process according to the invention Is described as follows
[0022]Catalytically Scrubbing With Seawater: [0023]When Due gas is scrubbed with seawater. SO, in
the flue gas is dissolved in the seawater to :Fenn acidic sea-water, and the formulae of the reaction
are as follows: [0024]SO2 (g) H20 = SO2 (1) H20 [00251S02 (1) FI20 = S032I+2H- [0026}7. When
the flue gas is scrubbed further with the acidic seawater. NO is dissolved. In contrast to a wet process
generally incapable of realizing deinitrification due 10 cc insoluhi]ity of NO in water, the technical

solution of venti ic mical conditions for catalyzing.and facilitating the djssolution
g%ﬁl)'ﬂ %Q@&Qﬁ@ 9(9%%?ngfla31ma i\nleousfy egglﬂg%z% WGIIéHE atng 6’\’18

(hydrolyza of NO, which include the following: arge-amount o iS‘produc 8 in the

acidic seawateriormeddn the fi ' ' u ioxide. ilitate the.dissolution of NO;
5 Under he ackiic coniiion Tormat s e et ieb ot hosahing Sumor oo oo 14 e, Fe
both originadlycexisting inthe:seanatesand increased in theprocess ol the inventian havesatalytic
effect; ¢) Under the acidic condition formed in the first step of dissolving sulfur dioxide, iron ions (Fe2+,
Fen forrn complicatentiironycemplexessinthe seawatarwhich cap;facilitatereactionsof the dissalved
SO2 and the entrapped 02 in the flue 4as to produce compounds such as N2. IN,O, dithionates,
sulfatés; efer anthfor @tamisiebaceerdifty tocthveafetl owingdfeimularZNG) 50B2N20 5042 ofett.e the
flue gas from a boiler in a power plant generally has about 5-8% residual oxygen; d) Under the acidic
condition 87 #REirst &ieh BF REEST Ry ShefuctibRide 2thesmezignetisfieldthppked Bytiier maghbtice

member c%talyzes the dissolution ghydrolyzation) of NO Reactions of
ue gas, an acidic seawater outlet of the scrubber, an iron member or an iron-ion-adding

device for ir_lcreasing the content of iron ions in the seawater, and/or a magnetic device for
aﬁplying magnetic field on the seawater for scrubbing the flue gas and/or on the flue gas;

10 the system for restoring the quality of the acidic seawater includes a water-quality restorer,
communicating with an acidic seawater channel, a seawater channel, an air blower and 2
‘seawater outlet; an acidic seawater inflow inlet and a seawater inflow inlet are close to
each other in the water-quality restorer; the air blower communicates with an aerating
nozzle which is disposed in the water-quality restorer through an air blowing channel.

15 - 10018] 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 scrubber in direct
contact with the acidic seawater.

[0019] In the simultaneously desulfurizing and denitrating 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
1s a megnetic filler and/or 2 magnetic member disposed in the scrubber, and/or a magnetic

member disposed in the scrubbing seawater and/or the flue gas channels.
— 6 J—



nitrogen oxides in seawater are rather complicated, most of which are synergistically self-catalyzed
oxidation-reduction reactions. The purified flue gas is discharged into the atmosphere after being
simultaneously desulfurized and denitrated. [0027]Quality Restoring of Acidic Seawater: [0028]After
scrubbing the flue gas, the seawater becomes acidic. The quality of the acidic seawater has to be
restored to a level compatible with surrounding water before it is released to the natural surroundings,
for example, the sca. The water quality may be restored in such a way that seawater, namely alkaline
seawater, is added into the acidic seawater and well mixed to allow acid-alkali neutralization, and then

air is blown [i%%Te 1O?§§V¥§§§r t? remove acid and increase oxygen by oxidation, which makes
sulfurous acid in the seawatér Converad s ilfitey al thepcesidizedintoesulfates vthiehtare stable

and envirorypentally friendly.fo 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]CQB8@IAH1= BLOF24 IQ03ANE O3+ Fé'l(l;1 vg:a%zr-(gﬂ) H20 [0031]5032-+ 1/202= 3042i
100321The pH, COD and dissolved oxygen of the water discharge in the process are restored to be

compatible WitA3urrounting fivatesso asﬂﬁbm@%i%ﬂ‘!l{g%@&[‘@b?‘igt%cet_i%ezgagelg%{s%? ﬁg%sﬁlé%g?r; al
tally tri , hot

amount of additional soluble iron in the water discharge in the process is environmen

only becaus&Airsirisinéearrestficted: element according.tathe quality. standardson seawater
but also because it is an indispensable element for preventing marine desertification.

environmer\w ) :
[0033]The fé‘}lqualit%/()réé%ﬁn@@ﬁc%@s gt adittie seawater may be carried out in a
[0025] SOz (1) + HaO = SO4*+2H"

[0026] 2. When the flue gas is scrubbed further with the acidic seawater, NO is
dissolved. In contrast to a wet process generally incapable of realizing denitrification due
10 to insolubility of NO in water, the technical solution of the invention has physicochemical
conditions for catalyzing and facilitating the dissolution (hydrolyzation) of NO, which
include the follow‘ing: a) A large amount of SO;* 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**, Fe3+) 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) + S0O;* — N0 + SO4%, ete., the flue Qas‘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

.....’7~.._



separatewater-quality restoring device, or at the bottom of the catalytic scrubbing device, or in a
relevant pipeline or channel. [0034]The process and the device for simultaneously desulfurizina and
denitra ing 5flue gas with seawater according to the invention have remarkable technical effects.
[0035]Firstly, emissions can be reduced efficiently with removal rates of pollutants in 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
consumptioniissbBlowerhiecauseafrausing the.coaling seapater, QO3 AThirdly, they are . .
environmentally friendly, In comparison with other processes for desulfurizing and deﬁﬁraﬁngcﬁ‘ug gas,

which consaghe qalahty of ohéehical-nedterials andipieduce alarge.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 tHEHPastioAFeLetSemitonmental erotEctioBeguiresments. Brief Description of the
Drawings [0038]7Fig. 1 shows the schematic flow chart of the process for simultaneously desulfurizing,

and den4trafifig/flue gd<uniihydeasiriias aécbriifgSte thecpresent invention. 70100391Fig. 2 shows the

schemgtic \f'(ﬁWﬁf a dexige according to the invention used in
2 ter scrubbing the flue gas, the seawater becomes acidic. The quality of the

acidic seawater has to be restored to a level compatible with surrounding water before it is
released to the natural surroundings, for example, the sea. The water quality may be
restored in such a way that seawater, namely alkaline seawater, is added into the acidic
secawater and well mixed to allow acid-alkali neutralization, and then air is blown into the

10 seawater to remove acid and increase oxygen by oxidation, which makes sulfurous acid in
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] COs*+H" = HCO,*

[0030] HCO:* + H*= CO, (g+]) + H,0
[0031] SO3¥ + 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 requ%rements. 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 f—



theikial 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 iron member
1.5 (replaceable with a magnetic member 1.5' when necessary) are disposed. [0041] Fig. 4 shows the
chematic view of another embodiment of the structure of the scrubber 1 in the device according to the
invention, therein an iron ion generating unit is disposed, which is composed of a seawater pool at the
bottom of the scrubber 1 for immersing the replaceable or addible iron member 1.5 in the acidic

seawater, ang@rgplaceghle ot addible iron pipeline for transporting the acidic seawater. [0042]Fig. 5
shows the srghemggtic view of the gﬁl%?&}rlée%tfg {ﬁ%ovgg?gﬁsgu%%ey ’ﬁ&&é?é?’v%tﬁ? HEYdRYitE A ORIty 30 the

invention, whighiig:a Raek-canable-ofmixing and.asrating. [0043]Fi shows the schematic view of
the DESONOX process for Sin?lﬁraneousf’ 10desuilfur za%gng %ﬁ%é’fnig}ﬁccﬁt%?ﬁf lﬁss%r%ebdf%%eﬁ%r art

technical solutions felesimutianeaesly-desyHurizing and denitratm.g flue gas, for use in a thermal
power plant, wherein the DESONOX process is developed by Degussa Company, Gemmany, etc.

[0044]The réfétéhbe nubisersdrethexddatiings stanchforithe fallewing cRRPARELS OLSITHGIHIES:
15[0045]In Fig. 1: A- Catalytically scrubbing flue gas with seawater; B- Restoring the quality of acidic
seawater; CBisdiaryiflysaheriHosantlonvirohmeantl protection:tequiements; D Seavater; E-Flue
gas containi&ﬂﬁ% an(}NOr; F-Purified flue gas after being desulfunzed and denitrated; 3-Acid-alkali
neutralization: H-Blowing aiFn“ota8}iceb 2 sduced eiisisern dviwiterch Sesuppery flpdiseawvater di

SPenser,  ihe flue gas up to 99% for SO, and 70% for NOx.
10036] 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 denitrating 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 regulétor 1.7 and an
— 9._..



- er; 1.5-iron member; 1.51-magnetic member; 1.6-ferrous solution inflow inlet; ;.Y-flow
Zggljll;oci?];?gg‘errous solution pump; 1.9-door opening for _replacing iron memb_er; 2-ﬂue gas inlet of
the scrubber 3-flue gas outlet of the scrubber; 4-seawater inlet of the §crubper, §-aC|d c seaV\(athr
outlet of the scrubber; 6-water-auality restore 7-acidic -10- seawater mflow inlet; 8-.seaw_at_er inflow
inlet--inflow inlet for early-mixing seawater; 8-2-inflow inIeF for late-mixing seawater, 9-aC|d|_c seawater
channel; 10-seawater channel; 1.1-air blower; 12-air blowing channel, 13-a.(_-:'rat|ng nozzle in the-
water-gualitafwesmeb,eit%aiefrzaMngahwz}maﬁra%glaéfﬁeﬁ%%_quﬂ%ﬂérQ@H@Js'a}%%sh%at&he f
17-suction fan; 18-chimney, 19-seawater pump; 20-condenser in the power plant; 21- ue gas N
reheater. [00494id Fig. ﬁ%gzﬁ-ﬁquét@r;@&mlaitmefﬁew[wéﬁﬂfheEI&nZb%ﬁ@ﬂ@@ﬁ%g%ﬂgﬂi@o@mpn'f”‘f
25-noble metal catalyst for reductive d trification; 26-nob|g m(_atal caFaIyst for_ OX|dat|ve_ d?sulfurlzatlon,
27-sulf ¢ aci@“EHSThern & DitHiRadDesEHiption ofthes invientiorh[9eO}Petailad:desesintion ohthe
process for simulta eous ',}’ desulfurizing and denitrating flue gas with seqwater according tq the
invention will ba dsmonatratéd FPBreetails iftPiemsranet & the draiings anblethe-iclowing for

i : ' i shows the schematic flow chart of the process for
embOdImenﬁﬁlﬁé}%rﬁgogmg&t&%ILO%?]-!E(%}) e 1hron member 1.5 in the acidic seawater, and a
simultaneously

replaceable or addible iron pipeline for transporting the acidic seawater.

[0042] Fig. 5 shows the schematic view of the structure of the water-quality restorer 6

in the device according to the invention, which is a pool capable of mixing and aerating.

[0043] Fig. 6 shows the schematic view of the DESONOX process for simultaneous
10 desulfurization and denitrification, as one of the prior art technical solutions for

simultaneously desulfurizing and denitrating flue gas, for use in a thermal power plant,

wherein the DESONOX process is developed by Degussa Company, Germany, etc.

[0044] The reference numbers in the drawings stand for the following components or
structures:
15 0045 In Fig. 1: A- Catalytically scrubbing flue gas with seawater; B- Restoring the

quality of acidic seawater; C-Discharging after meeting environmental protection

requirements; D-Seawater; E-Flue gas containing SO, and NOx; F-Purified flue gas after

being desulfurized and denitrated; G-Acid-alkali neutralization, H-Blowing air in.

[0046)] In Fig. 2-5: 1l-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 pump; 1.9-door opening for replacing iron member;

2-flue gas 1inlet of the scrubber; 3-flue gas outlet of the scrubber; 4-seawater inlet of the

scrubber; 3-acidic seawater outlet of the scrubber; 6-water-quality restorer; 7-acidic



desulfurizina and denitrating flue gas with seawater according to the invention. Fig. 2 shows the
processing procedure of the invention used in a thermal power plant. The process for simultaneously
desulfurizing and denitrating flue gas with seawater according to this "SO embodiment includes the
following steps: A) catalytically scrubbing the flue gas with the seawater, wherein the flue gas
containing SO2 and NOr is catalytically scrubbed with seawater to remove SO2 and NOx, and the
purified flue gas after being desulfu ized and denitrated and the acidic seawater fciii ed during
scrubbing arg.di [ e catalytic -21- scrubbing in the invention refers to iron catalytic scrubbing
carried out W%ﬁ%gsv%gt%é?%g\l}%% ?'88?‘%%5&&3{%%‘{{/ B’f?ﬁ%ﬁgiéﬁ§%‘?@éﬁW&t@t@Wﬁnﬁ@&ﬁ@wqaﬁntity
of iron ions ig.added;a I etie. ¢ tic scruhbing py having the seawater and/or the flue gas
pass through an applieggr}é?aféﬂ%g%%%%%gégtgﬁicgéﬁ?uddﬁiﬁ%a?ﬁafﬁTsC@ﬁ?@GHiﬁ{éﬁ?%'éﬁé% fhirorel;
catalytic scrubbingtsasried out.with ter ich & certain quantity of jron ions is added, by,
specifically in this embo%?ment disp?s){iﬁa g&l%%%%ﬂ’rr?éjm%é?%ﬁliﬁlgoéél i EAWATE B rtorimcte
quality of thé Jeiditseawater ewherein the-acidic seawater disghargediin the step A)is mixed and
neutralized with seawater and air is blown in to restore the quality of the acidic seawater to MEBt
environmentdl-fhétattion fegairerrents:toBeforedtis dischegrd: J99521The irgn catalylic scrubbing is
carried out 'ﬂ)H)z? scnihh?zF step with seawater having an iron ion concentration of 3 to 300 |
micrograms' pe ﬂ(ilogré (8-30431Kly)~ peigeutarlyi 32etglog in this embodiment. The flow of the
seawater fO{O?]Q‘I’ bbingith%fluegaoaégegends on the alkali-acid ratio of the seawater for scrubbing to
the flue gas: the alkali 15 vofurrie of THe Eesivadr R debbimectiie: flaé -gaslt theeadidomdtyre ofthe
Due gas to - - from. 1 tg 200, wherein the alkali volume of the seawater for scrubbing
the flue gas%?k%up%%%ggg gfg t%?g dlkalinity of Tha*sEa0LTEr th TRISHED by the oireobthe2Seaater, the
alkalinity ofd4bi@ seaywater equals to the total alkalinity of the seawater measured in naillimole per liter
(mmo1/1), and the flow of the seawater equals to the value 20 of the seawater measured in milliliter
per hadr (fun); 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 SO2
concentratiB¢ (@il Diese gas anedsticthiveftibigram per normal cubic meter (mg/Nm3), and the flow of
the flue gas 12- equals to the value of the flue gas measured in normal cubic meter per hour (N

Particularlyt Wi&acid-ahehirediotef e serubbinbeseawater 1 heifile:@as NS csul furizing and
denitrating flue gas with seawater according to the invention will be demonstrated in more
details with reference to the drawings and the followin g embodiments.

[0050] Embodiment 1

[0051] Fig. 1 shows the schematic flow chart of the process for simultaneously

desulfurizing and denitrating

flue o . e : ‘ . .
€ gas with seawater according to the invention. Fig. 2

shows the processing procedure of the invention used in a thermal power plant. The process

for simultaneously de V4 itrati i
y desulfurizing and denitrating flue gas with seawater according to this

5 : ‘ .
20 embodiment includes the following steps: A) catalytically scrubbing 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



embodiment is 6.5, [0053]II shall be further explained that the seawater for scrubbing flue gas comes
from the sea In other words, the seawater in use may come from the sea directly or indirectly the latter
case, seawater discharged from an industrial facility is reused. The desired flow of seawater has two
meanings One refers to the total flow of seawater, and the other is directed tc the flow of the seawater
for catalytically scrubbing flue gas. The lower limit of the total flow of seawater is the desired flow for
fulfilling acid-alkali 10 neutralization which is determined according to the equivalent of the acidic gas
to be removedirbinghie fiile gascarid:ihe alkalinitygauivalent osfcﬁla@bﬁg@%@E@fedp%gﬁ%éﬁaéié%w"St
seaside thermal power plants, the total flow of desired seawater in the process of the invention is not
more than thevioneofatieicqoling sediater inthe plantsandal:of thecaling seawaterfrom-the
condensers and/or the cooling pumps in the plants can be reused 15 directly, leading to considerable
saving in e A& IBRERIO? epelationcPaking the itotah §aine ek seawaterds usadms SGRUPRING
seawater intthe step of catalytically scrubbing of flue, iza.s, and the remaining pa is used as mixing
seawater in theia Sr-GHRI redStiy Stels; f%@%}?lhfél abevéiientiotied sropodatalyticeserubbing with
seawater carti 0 disposing an iron member in the acidic seawater is a process of catalyzing
the oxitEi?atio?ﬂ%%gﬁéjt%o%{lr%%égﬁon%mé?%nifruotg‘é’ HOXITREREING 6 Mieireitandrorsiy safts protused in the
scrubbing sgrwates.. Specifi an irgn filler.is disposed.in the acidic scrubbing em 0 MIS C11 to
intensify the remb?/gai)lb?%%)%%%he&stggsofepég?(%ﬁg%e%?ﬁﬁﬁ?gofafhérﬁﬁ?id’il&e% ater e aridisrmixed
into the acicka seawat®r angh gl i in. Any entional aerating methods may be used to
blow air into the seawa{er. A(t:%g%]ding ?(%Qg{]eﬁiggl] ear?%%e%%g%éhl@,e {%él f%\?v 6FtHE SEARAEr into
which air agibiimnzetjials the dotal flovaok seawater.as.deseribed above.As used herein, seawater for
being mixed into the acidic seawater refers to the seawater which has not been used to scrub and
absorb acidf¢'§&s Bfdamisrerhains aiidalinezsanstitutinga partohthesatabflow.of seawater, The
seaw. éer- uality restoring step is preferably completed in an individual device for restoring the quality
of the Seawtertdhtt ﬁ‘ﬁ‘fgﬁrg% be completed at the bottom of the catalytic scrubbing device or in a
relevant pi @éig or channel. In the water discharge step, the 10 resultant seawater treated by mixing
and aeratifg i3 discharged o M Yaa s AHBRREVR A WRE D Herdibeharytinmtermeets urthes:
treatment for.comprehensive use, for examplz,_ for extraction of sodium chloride or magnesium

[

100 “COHcentration o ﬁgtanaogepéﬁﬁ@wb}éeaéﬁmé@qo(é-égﬁ)sy@gént

chloride, the resultant seawater trea e&tby mi

process, whiehconsiitutes.another techp olytion. The ratjo_of the alkali volume of the seawater for
scrubbing the }Iugﬁ;gs 1%?8 the acid vo%ﬂrgglé t#é ?I%% gas t%%bt SEFOBBEE My BeTege diad iy

changing thes flayeatithenseawater-taiserubhing:lue gas.[00551The Main parameters of this .
embodiment elude: )

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 alkal; volume of the seawater for scrubbing the
flue gas is the product of the alkalinity of the secawater 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 eguals 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 multiplied 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/Nm®), and the flow of the flue

as

g



[0056]Flow of flue gas: 3,100,000Nm3/h (corresponding_ to the flow of the- flue gas from the boilers of
an 10061vIW thermal generator set) 20[0057]In the original flge gas SO2 1600mg/Nrn5, NOx
610rng/Nrn3 [0058]Alkali-acid ratio of the seawater for scrubbing tofne flue gas: 6.5 g .
[0059]Concentration of iron ions in the scrubbing seawater: 32u.g4:0; 10060]In the purified flue gﬁs.
SO, 16mg/Nri-2. NOx "On-ig/Nm 3 - 14- [0061]pH of the dlschar_ge water from the seawater-quality
estorma device: >6.8 10062]COD increment of the discharge . xi <I .5m st/1 [0063]Embod|mtehnt 2
[0064]This esgbadimertdsithesame,asgEmiadiment 1 except the that iron catalytic ag% }%%g%gi%t 7o)
seawater is carried out by adding iron ions through a device capa Ie of & md r [

during scrubbingeTheymain pasameters ofthisembodiment inglude:, [0065]Flow E}ﬂ“ea%asm this
1,100,000Nm3/h 10[0066]In the original flue gas: SO2 1900mg/Nm3, NOx 6

embodiment is 6.5,
[0053] It shall be further explained that the seawater for scrubbing flue gas comes

from the sea. In other words, the seawater in use may come from the sea directly or

W

indirectly. In the latter case, seawater discharged from an industrial facility is reused. The
desired flow of seawater has two meanings. One refers to the total flow of seawater, and
the other is directed to the flow of the seawater for catalytically scrubbing flue gas. The
lower limit of the total flow of seawater is the desired flow for fulfilling acid-alkali
10 neutralization which is determined according to the equivalent of the acidic gas to be
removed from the flue gas and the alkalinity equivalent of the seawater. For application in
most seaside thermal power plants, the total flow of desired seawater in the process of the
invention is not more than the flow of the cooling seawater in the plants, and all of the
cooling seawater from the condensers and/or the cooling pumps in the plants can be reused
directly, leading to considerable saving in energy consumption for operation. Part of the
total flow of seawater is used as scrubbing seawater in the step of catalytically scrubbing of
ﬂﬁe\gas, and the remaining part is used as mixing seawater in the water-quality restoring
step.
[0054] The above-mentioned iron catalytic 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 NOzx. In the step of restoring the auality



7]Alkali-acid ratio of the seawater for scrubbing to the flue gas: | [0068]Concentration of |fon ions
i1r10'316e ]scrubbing seawater: 106pmz2cg [0069]In the purififed flue gas: 802_76mg/Nm3, NOx 380'181m3
[00701pH of the discharge water from the seawaterquaiity restoring device: '>6.8 15[QO71]QOD
increment of the discharge water: <0.5rag/1 [0072}Embodim¢nt 3 [007_31Th|s embodlmenF is the same
as the foregoing embodiments except that the  iron catalytic scrubbing is effeqted by using a metal
with a lower electrochem cal activil 20than iron as the cathode and a part of the iron material in the

scrubbing enyitonmeni-asihesaciiciatanedg which; releasesiron ions, The;main El?rl%nfyf#%usi%f thS'SO
embodiment include: [0074]Flci of flue gas: 2,100,000Nm3/11 -- 15- [0075]in the original flue gas: ,

1680mg/Nm3; NGx 580mgiNaR3: {00 ZelAlkali-asidyatioof the srawaterforscrubbing to,the five gas:
200 to a chemical engineering manual, the flow of the seawater into which air is blown equals
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 individual 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 chloride or magnesium chloride, the resultant seawater treated by
mixing and aérating may be delivered to a subsequent process, which constitutes another
technical solution. The ratio of the alkali volume of the 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 the 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: 32uc/ke
= ;‘LO o

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



[0077]Concentration of iron ions in the scrubbing seawater: 300ug/kg [00 8]In the purified flue gas: SO,
80n, opINEt3, NOx 180nm-/Nni 3 100791pH of the discharge water from the seawater-quality restoring
device: >6.8 [0080]COD increment of the discharge water: <4.3mel [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 member in the acidic

scrubbing environment and using a metal with a lower electrochemical activity than iron as the cathode
and a part of ifgirpn matgrial in the scrubbing environment as the sacrificial anode which releases
h P bodinan, dlSC%arﬁ?rgt%ﬁ %F%W%%@Wﬁ@%@é%f@ﬁtmma|ﬂnmgenrm6iﬁon

iron ions, In this embodiment, the conce

catalytic Ifscnblging with-ggawater is §%I]eﬁtgg{,fr m the range of 10 to 300 micrograms per kilogram
(10-300uMKg). The parameters different from t %s%%f%?ﬁ??o int8A#1 include the following:

[0083]Alkali-acid ratio of the seawater for scrubbing to the flue gas: 15 [0084]Concentration of iron ions
in the scrubbing seawater: IOug/ka Pc [0085]Embodiment 5 [0086]This embodiment is the same as

the foregoind Efbbdiménts exieept: that the
5 [0064] This embodiment is the same 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: |
[0068] Concentration of iron ions in the scrubbing seawater: 106pg/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/l

[0072] Embodiment 3

[9073] 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 jons. The main parameters of this embodiment

include:

[0074] Flow of flue gas: 2,100,000Nm3/h



catalytic scrubbing is effected by having the seawater and/or the flue gas pass through a - 35-
magnetic field which is applied by a magnetic material and has a magnetic flux density of 1-6000
gauss The main parameters of this embodiment include: [0087]Flow of flue gas: 2,900,000Nm3/1
[0088]In the original flue gas: SO2 2100m g/Nm3, NOx 670mg/Nrn3 [0089]Alkali-acid ratio of the
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, 85nagiNm3, NOx 303mg/Nim [0092]pH of the discharge

water EMITI[teyspawaterguality:restan ge\éigg:lggcﬁn[g 3] increment af the discharge water:
<1.6m2/1 10 [0094]Embodiment 6 [00951This embodimént is fﬁgcg}ér%gebéns“‘égr%odiment 5 except that

the catalytic [0&pslbbinguisaffacted by bath iren. catalytic sgrubling, with seawater-tg which a certain
quantity of iron ions is added and catalytic scrubbing in a magnetic field applied by a 15magnetic
material. ThE0faTh pardﬁ@et@mr@ﬁﬁﬁsﬁmﬁotﬁﬁwﬂttm&ﬂ%bing seawater: 300ug/kg

[0078] In the purified flue gas: SO, 80mg/Nm®, NOx 180mg/Nm®
5 [0079] pH of the discharge water from the seawater-quality restoring device: >6.8
[0080] COD increment of the discharge water: <4.3mg/l

[0081] Embodiment 4

[0082] This embodiment is the same as Embodiment ] 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 member in the acidic scrubbing environment and using a metal with

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

the scrubbing environment as the sacrificial anode which releases iron ioms. 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 those of Embodiment 1 include the

following:
[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 scrubbing is effected by having the seawater and/or the flue vas pass through a
— 16— )



[0096]Flow of flue gas: 1,900,000Nm3/h [0097]In the original f_Iue gas: SO, 1800mg/Nm3, NOx
770mg/Nrri3 [0098]Alkali-acid ratio of the seawater for scrubbing to the flue gas: 16 _ .
[0099]Concentration of iron ions in the scrubbing seawater: 3p:27/kg 20[01001Magnetic flux density of
the applied magnetic field: 3000 gauss [0101]In the purified flue gas: _SO, 85mg/Nm3{ NOXx
203trig/Nm3 [0102]pH of the discharge water from the seawater-nuality restoring device: >6.2_3
[0103]COD increment of the discharge water: <2.8ing/1 -J I- [0104]Embodlment?[cl)OC:)Lg]ilIIhll_s y

i i i [ 5 ali-aci
embodimentis thesamesasFmbediment; 6 except for the f(ﬁllovxilng arameters: 5 ) . _
ratio of the seawater for scrubbing tg%he flug gas%qélgt[l(SfB% bancaer%[?ra foh 'Bf fof o ?ndt%%%rﬁ%blng
seawater: 2109@/¢Quss. The main parameters of this embodiment include:

[0087] Flow of flue gas: 2,900,000Nm?>/h

[0088] In the original flue gas: SO, 2100mg/Nm?, NOx 670mg/Nm®

h

[0089] Alkali-acid ratio of the 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 from the seawater-quality restoring device: >6.8
[0093] COD increment of the discharge water: <1.6mg/]
10
[0094] Embodiment 6
[0095] This embodiment is the same as Embodiment 5 except that the catalytic
scrubbing is effected by both iron catalytic scrubbing with seawater to which a certain
quantity of iron ions is added and 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, 1800mg/Nm®, 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 203me/Nm®
[0102] pH of the discharge water from the seawater-quality restoring device: >6.8

[0103] COD increment of the discharge water: <2.8mg/l
' — 17~



[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 10simultaneously desulfurizing and denitrating flue vas
with seawater of the invention will be further demonstrated with reference to the drawings and the
following embodiments. [0110]Einbodiment 8 [0111]As shown in Figs. 2 to 5, the technical solutions of
the device for simultaneously desulfurizing, and denitratiug 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 seawater and a controlling system. The system for
catalytically scrubbing with seawater includes a scrubber 1, a flue gas inlet 2 of the scrubber, a flue
gas outlet 3|of thg scrubhey, & seawater inlet 4 of the seawater for scrubbing flue gas and an acidic
seawater outlet 3 of the scrubber. The system for 70catalytically scrubbing with seawater in the
@nvention fui%ihclud%ianﬁmmm@efsovg@n ggg{boggi@n@gﬁgg&gqr increasing the,iro »Oiﬁcr)l“gogtent
in the seawater, and/or a magnetic device for applying magnetic field on the seawater for scrubnlﬂng
flue gas andreroretre:flue gas, An iron member is used in this embodiment to increase the iron ion
content -18- of the seawater, The system for restoring he quality of the acidic seawater includes a
water-qualitl FdStorer 62 Eerirtificstingfwith ssavaidic seawateimghanhelidasseagater channel 10, an
au blower 130?612] a seawater outlet 14; an acidic seawater inflow inlet 7 and a seawater inflow inlet 8
are close to &ach otheriAHE RARER-GLANE st oreie asahhine rating o216 1gidisposed in the

water-quali rer 6 communicates with the air blower 11 through an air blowing channel 12.
q %{%ﬁﬁo %agnetlcrﬂux en\é\{ty of the applied magnetic field: 1 gauss J

[0109] B. The technical solution of the device specially us‘ed 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
[0111] 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 seawater and a controlling system.
The system for catalytically scrubbing with seawater includes 2 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 conternt



[011211t may be further demonstrated as follows. 10113jA_s shown in Fig. 4, the iron me_rmﬁr Inc,:[iglii
embodiment is an iron filler disposed M the scrubber 1 WhICh can be in dlrgct cqntact wit e a
seawater, or a JO fixed or replaceable iron element. Altgrnatlvely, both an iron f|!ler and anblt;_on .
clement are disposed in the scrubber 1. The scrubber 1 in the system for catalytlcally scrubbing w
seawater may be designed and manufactured or selected according to a chemical engineering

[ isti f an adjustable valve and a
nual. A flow regulator 1.7 of the scrubbing seawater, consisting 0 _ alve and a
g;)e(laelij-reguI@girtgeggggjgvaiéldisf@]%sggsigntlh%?cl[gsl%glgr 1.tilrhe iron layer 15 of the iron fI||§I‘.IS in dlrect_
\ iR cORBRRralich OrE aciere dsaviatiid The iron

contact with the acidic seawater to increase t.he Iron-ion : ; oK e Iron
filler may bewe@aq@dlt@%%%ﬁ@o&;rgﬁ%m@gt%g (&\%}Ee Aaglqgigh_gegggtreg% bger. (()flﬁﬁgé’é‘% o
Fig. 5, the system for restoring the quality of_ the acidic seawater include | -qu oy Festorer 6
A volume that can achieve an acraet of 1025 mincte mnd 118 a1 Dohar CalcESHg] HTabg o e
a volume that can achieve an acraet of 1 to 25 minutes, and the a : Ol 1 _
air flow blovin‘iPe the sewaterlm formaticubico reatierdia dherseawatat low intothe 4L isblown to be |3
the range of 0.2:1-10::. The aquality restorer 6 consists of pool bodl_e'_s with a mixing -19--" function an
an aera%ing Farrctioh Arehe pdotispesedith Ahmixingfunction, thecasidic seawatgeand thesfresh ;-
seawater are,. mixed, and/or the mixed seawater is stored. The pool body with the mixing function
O

communicates with the %H%h%ﬁehﬁé”f&ﬂt?&ﬁ%ﬁ@rﬂiﬁg the acidic seawater, so that the acidic

i i iXi erged in the alkaline seawater in the
Seawaterlnt[@ijyf}eq Int.ﬂ %%%rggx%%%{g‘n SI%rC])(Ij’lSStll‘j&greT(} angOHOWS.
seawater-quag device in the condition

[0113] As shown in Fig. 4, the iron member in this embodiment is an iron filler
disposed in the scrubber 1 which can be in direct contact with the acidic seawater, or a
10 fixed or replaceable 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
of the iron filler is in direct contact Wivth the acidic seawater to increase the iron ion
concentration of the acidic 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
I 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
f— 19__



of being isolated from air. In the mixing zone, the acidic seawater mixes with the alkaline seawater
quickly, and the acidic seawater is not allowed to flow up to the water surface during mixing. .
Alternatively, the pool body with a mixing function consists of pipelines outside the water-quality
restorer, so that the acidic seawater and the alkaline seawater may 10be mixed in the pipeline before
being transported to the mixing zone of the seawater-auality restoring, device. The pool bodyhe
aerating function may he shallow aeration pool; in which less energy is consumed and higher

efficiency infierseving:.carhondigxiders achieved g gjoql or deep aeration pgol may also be used.
The aerating nozzle, or aerating head, may be desigrrpéd ar%l)é) Crgﬁa\ﬁ/ﬂ acture Héig JOIEHRY zf@fo?ﬂiﬁgcto 15

chemical ‘enginestingmaniale The.stawateronalituresioring devioe s aranded.ssparately, The,
seawater inflow inlet 8 comprises two inflow inlets 8-1 and 8-2, wherein the inflow inlet 8- or

early-mixing>s€awdtertis lucated frearithecacidie seawaterinflowinies? pand thednflow tale §:2 for
late-mixing seawater is located between the aerating nozzle and the seawater outlet 4 along; the
flowing pathf6¥tie SiafeieTheradiatiril noziiecl Scseomposed:2a0tan agrating nozzie arkay 13x
consisting of eratin% nozzles which communicate with the air blower through the air channel.

[01151EmbodiMetd o6t FrLEnBoURTEH i& tHesuse-asEmbodinment &exeept thatoasishawn in

Fig.4, the sgrybber 1 %@grfi%en% an i nt'gn generating unit, a ferrous solution pump 1.8 and a ferrous:
solution inflow inlet 1.6, wherein the iron 1o geleratinG tritisiénisagatroriieapidic tbeawaténin the

seawater peehahtbe hottom of the, scrubber 1, an iran memier 1.5 Ssubmerged in the acidic seawater
and iron pipelines foﬁtfr?ansgp])orting the acli%iéq eivater. e CBHEigedarbAmanBbe B 5 f e iron

pipelines aréxreplaceable onaddiiesl01ddEmbadimens10,[Q1181This embodiment is SIS
Embodiment 8 except that, as shown in Fi0.4, pemes
outside the water-quality rebstorer, so that the acidic seawater‘ and the alkaline seawater may
10 be mixed in the pipeline before being transported to the mixing zone of the
seawater-quality restoring device. The pool body with the aerating function may be a
shallow aeration pool, in which less energy is consumed and higher efficiency in removing
| carbon dioxide is achieved, a middle or deep aeration pool may also be used. The aerating
nozzle, or aerating head, may be designed and manufactured or selected according to a
15 chemical engineering manual. The scawater-quality restoring device is arranged separately.
The seawater inflow inlet 8 comprises two inflow inlets 8-1 aﬁd 8-2, wherein the 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

" . .y :
20 of an aerating nozzle array 13x consisting of aerating nozzles which communicate with the

air blower through the air channel.

[0115] Embodiment 9



10an iron-ion-adding device is disposed on the scrubber 1, that is, an injector 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
magnetic filler in the form of a magnetic member 1.5' disposed in the scrubber 1. The material of the
magnetic m%’qqgg is Eeﬁiltse% V\gthdf)emaanent magnetism, or 20alloy steel, or a rare earth magnet such
as neodymitim-iron-boron powder eIt armmatdrmb et ¢n19 £1 Embddiment b2y 0L 22T his
embodiment;js tglgufg@g}elag,o%rgbodiment 11 .exceé)t that the system for catalytically scrubbing with

TI1SCS an 1 g

seawater includes both an iron member for inCreasifg the iFdhtionh Eomntsnmithenseemmatéiamttiaa

magnetic mesmbge f@r@p&lyiggmgﬂg@iq.gekghcélfjgingtgcr.ubbin In one scheme, an iron member for

increasing the iron ion content in the ’ HTHIC ATOn 10 generating unit is composed of the
acidic seawater in the seawater pool at the bottom of the scrubber 1, an iron merﬁber 1.5

h

submerged in the acidic seawater and iron pipelines for transporting the acidic seawater,

The submerged iron member 1.5 and the iron pipelines are replaceable or addible.

[0117] Embodiment 10

[0118] This embodiment is the same as Embodiment 8 except that, as shown in Fig.4,
10 an iron-ion-adding device is disposed on the scrubber 1, that is, an injector that

commumicates 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 25 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 magnetic 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



5 seawater as shown in Fig. 4 is disposed at the lower portion of the scrubber | for catalytic scrubbing
with seawater, while a magnetic member for applying the magnetic field on the seawater for scrubbing
flue gas and/or on the flue gas as shown in Fig. 3 is disposed at the upper portion of the scrubber 1. In
another scheme, an iron magnetic member as shown in Flo-. 3 is disposed at the upper portion f the
scrubber 1 wherein the member is made from 10iron materials with permanent magnetism and
contacts the acidic seawater. [0123]Any one of the components in the scrubber and the water-quality

restorer mayohe xesignesiorseleatad-according.tg Jelevant chemical engingaring manuals, The scope

of the invention is not limited to the foregoing embodiments. [0124JThe process and the devicé for

simultaneoustdesualiyrizing aing detiteating:t5flemasaccarding iadhe presentdnvention exempt the
use of chemical raw materials, require small land area, bear low capital cost, and exhibit'high
efficiency invedeciemissions anddighdeliability;partiedady suitaple for mediven ordargeseale
theithal power plants to simultaneously desulfurize and denitrate flue gas from boilers. IVICSLLP
Claims I?ﬂ%(?@ssl%r%ﬁnﬁﬂ%%u@y idesulfgrziny &ndidesisatingthe foe igas witteseawater,
characgerized in tthat thehprocesspoomprises steps: A) catalytically scrubbing the flue gas with the
seawater, wharein the e gat 5'¢oftiitiig Ses2ahnaeNoCrsrReatiaytivaliy serubbed With tieaseawater
to remove .and | from the flue gas, and the purified flue gas after being desulfurized and
denitrated Er%% %?gﬁ:l\ls%%vig?g ror]:r‘n\é%%u&rliﬁngag%?&ﬁb% & SSARAgEE the B3EIc Sslbbing tefers
to iron catalyic,sesubhi d ' ter, having iron ions. or with, the seawater to which
iron ions are added,%ggﬁggﬁgﬁ%i%gafg?&qﬁ% cgzléllrerié&l gﬁtsgf? %@?nglﬁireg 1OSETNATEPAM S or the
flue gas passsbrqughandappliedmagneticfiglthn . %23&%&9%gn%ﬂ}é{c%ﬂ‘ce&%%é%sa%a&%& wherein
the acidic seawater discharged in step A) is mixed with seawater for acid-alkali neutralization and air is
blown in foFabtainingsresultantiseawstepior thesdischarg@tbereafnerein 1 HRG SUNUItANEOUS]Y.

desulfurizing and denitrating process of claim 1, characterized in
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 process 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.



15that the iron catalytic scrubbing with the seawater having iron ions is carried out in the, scrubbing
step with the seawater having an iron ion concentration of 3 to 300 micrograms per kilogram
(3-300ug/kg). 3. The simultaneously desulfurizing and den taring process of claim 1, characterized
in that the iron catalytic scrubbing with the seawater having iron ions is carried out in the 70scrubbing
step with the seawater having an iron ion concentration of 10 to 300 micrograms per kilogram
(10-300pg/kQg). 4. The simultaneously desulfurizing and denitrating process of claim 1, MCSLLp
characterized in that a flow of the seawater for scrubbing the flue gas depends on an alkali-acid ratio
of the seawater for scrubbing to the flue gas: alkali Velai¥é of the seawater for scrubbing the flue - 23 -

MCSLLP gas / acjd volurrg)eC of the flue ﬁgs to be scrubbed ranges from 1 to 200, wherein the alkali
volume of the seawaterfor ScrutBiny THE S Wi i85S HiBtatorarkrHy ditke Seaflbzeermutislied

by the flow qeﬁl@a‘?&?‘é’i?&?{@@%@%%ﬁ@@( f%fethfi?%asg%é%{rﬁ (?%t%(;etsl% to the total alkalinity (ALK) of the

seawater measured in millimole per liter (m nd the Tlow 8f " 5 the seawater equals to the value

ofthe seawater megsuges e alligs-pes bour umia) (e acid valume, afdie g 9as g be serubbed s
e fow o

the product of sulfur concentration of the flue gas multiplied by t the flue gas, the Sulfef®

concentiatiotpecuials d8HO2rebhuentiatiet Bhibafug-gasseasured IRMIHEAN REHALMER) cubic
meter (mg/lcm3), and the flow of the flue gas equals to value of the flue gas measured in normal cubic

meter per 10HSurtim3te)flue 285 Thel shmpltaifedusly: desulfirizisg aaesdenitaing.prosass@f apy one

of claims | to 4, characterized in that the iron catalytic scrubbing with the seawater to which iron ions is
added is the*friBhcataHCSEPIBBh§uniRE aprabbing prodesshafedispbsingtalyiforsmeriver iertheracidic

seawater or.making jron material in contact with the seawater into a sacrificial 15anode or making use
of a device éléjﬁlaﬁ?ga KRRy B rerFaHRdonfich to BacPiovRishaaving iron ions or with the seawater

to whiéh iron ions are added, and magnetic catalytic scrubbing carried out by having the
10 seawater and/or the flue gas pass through an applied magnetic field;

B) restoring quality of the acidic seawater, wherein the acidic seawater discharged in
step A) is mixed with seawater for acid-alkali neutralization and air is blown in for
obtaining resultant seawater for the discharge thereof.

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

15  that the iron catalytic scrubbing with the seawater having iron ions is carried out in the
scrubbing step with the seawater having an iron ion concentration of 3 to 300 micrograms
per kilogram (3-300ug/kg).

3. The simultaneously desulfurizing and denitrating process of claim 1, characterized in
that the iron catalytic scrubbing with the seawater having iron ions is carried out in the

20 scrubbing step with the seawater having an iron ion concentration of 10 to 300 micrograms
per kilogram (10-300pg/kg).

4. The simultaneously desulfurizing and denitrating process of claim 1, characterized in
that a flow of the seawater for scrubbing the flue gas depends on an alkali-acid ratio of the

seawater for scrubbing to the flue gas: alkali volume of the seawater for scrubbing the flue

-23.



6. The simultaneously desulfurizing and denitrating process of any one of claims 1 to 4, characterized
in that 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 Ito 6000 gauss. 707. A
simultaneously desulfurizing and denitrating device for a process for simultaneously desulfurizing and
denitrating flue gas with seawater, characterized in that the device comprises a system for cata[é/tlcal F}/
scrubbing with the seawater and a system for restoring the quality of acidic seawater, wherein't

system for catalytically scrubbing with the seawater includes a scrubber (1), a flue gas inlet (2) of the
scrubber, a fawe/gasd- W) ibmeMC 8ld Buwutlet (3) of thesbsubhepea seawater ivet (#)-ofithenseawater for
scrubbing flue gas, an acidic seawater outlet (5) of the scrubber, an iron member or an iron-ion-adding
device for ircreasimnef the swaerrobircariopiing the Seawates, apdoduragheatic e vics fiwe apphyirg
magnetic field on the seawater for scrubbing the flue gas and/or on the flue gas; the system 5 for

restoring th&qUamty bPh & dHE sehileriiiitiedhs WHEIRDanG fesrsrsr 76y, eommumiditgalith an
acidic seawa]:kr chan ,ﬂ#{? S eawater channel (1&/l an a|r blower (11) and a seawater outlet (14) an
acidic seawatst it v{/] inte é%%%ﬁ S S AR R it 3’51%1]1%1%96%%(3%?11 &h@iqﬁkiﬁélow of
water-quality, [eSIQrar (6, Hl?s 30 BlOWShd e qRBLed G2 1 O A STAE DR B (AR Oied n
the water-quality restorer (6 10through an air owmg channel (f )ln o |mu ftan ©

desulfurizing and slenitrating darice ot slgim fusharacteragd indhat EH%&P&H&@HEQ% I @i ﬁJ&“er

and/or a fixed or replaceable iron element disposed in the scrubber (1) in direct contact with the acidic

seawater. gas Sndlfiplmbianeouslydlestiliuezing apesdenitratingdevicef-eiim Iy charactsrized
15in that the iron-ion-adding device is an injector communicating with a ferrous solutlon inflow inlet

(1.6) and/orcandenrratnrgeiérafing gait tisposed amttid gembleemdonal chbicThetsimufianadyshd
desulfurizing and denitrating device of claim 7, characterized in that the magnetic device is a magnetic
filler or/and B$rfagfieddlindinb eptlipredary dhes sttibh8n¢ 192 and/onaerhagneticaneriisen disposed in

the scrubbing seawaBter and/or flue gas 20channels.
10 hour (Nm

5. The simultaneously desulfurizing and denitrating process of any one of claims 1 to 4,
characterized in that the iron catalytic scrubbing with the seawater to which iron ions is
added is the iron catalytic scrubbing with an adding process of disposing an iron member in
the acidic seawater o’r making iron material in contact with the seawater into a sacrificial

15  anode 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,
characterized in that 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.

20 7. A simultaneously desulfurizing and denitrating device for a process for
simultaneously desulfurizing and denitrating flue gas with seawater, characterized in that
the device comprises a system for catalytically scrubbing with the seawater and a system
for restoring the quality of acidic seawater, wherein the system for catalytically scrubbing

with the seawater includes a scrubber (1), a flue gas inlet (2) of the scrubber, a flue gas

- 24 .
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MCSLLP

outlet (3) of the scrubber, a seawater inlet (4) of the seawater for scrubbing flue gas, an
acidic seawater outlet (5) of the scrubber, an iron member or an iron-ion-adding device for
increasing the content of iron ions in the seawater, and a magnetic device for applying
magnetic field on the seawater for scrubbing the flue gas and/or on the flue gas; the system
for restoring the quality of the acidic seawater includes a water-quality restorer (6),
communicating with an acidic seawater channel (9), a seawater channel (10), an air blower
(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 simultaneously desulfurizing and denitrating device of claim 7, characterized in
that the iron member is an iron filler and/or a fixed or replaceable iron element disposed in
the scrubber (1) in direct contact with the acidic seawater.

9. The simultaneously desulfurizing and denitrating device of claim 7, 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).

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.
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