1 DESCRI PTI ON AERATI ON APPARATUS Technical Field [0001] The present
invention relates to treatnment of effluent froman exhaust gas

desul furi zer enployed in an electric power plant, such as a coal -fired,
crude oil-fired, or heavy oil- fired power plant, and particularly rel ates
to an aeration apparatus enploying aeriation for decarbonating (aerating)
effluent (used seawater) from an exhaust gas desul furizer for

desul furization using a seawat er mefshhed.piBackground Art [ 0002]
Conventionally, in an electric power plant using coal, crude oil, or the
i ke as fuel, sulfur oxides (SOx), such as sulfur dioxide (SQ2), are
renmoved from conbustion exhaust gas (hereinafter called "boiler exhaust

gas") discharged froma boile h iler exhaust gas is
di scharged into the atnnspher%ERgﬁg%ﬁ gggégﬁgggof such desul furization

treatment wth an exhaust gas desul furizer include systens enploying a
| i mest one-pl aster nethod, a spray dryer nethod, or a seawater nethod. 2

Technical Field

[0001]

The present invention relates to treatment of effluent
from an exhaust gas desulfurizer employed in an electric power
plant, such as a coal-fired, crude oil-fired, or heavy oil-
fired power plant, and particularly relates to an aeration
apparatus employing aeration for decarbonating (aerating)
effluent {used seawater) from an exhaust gas desulfurizer for

desulfurization using a seawater method.

.Background Art

[0002]

Conventionally, in an electric power plant using coal,
crude oil, or the like as fuel, sulfur oxides (S0x), such as
sulfur dioxide (S0;), are removed from combustion exhaust gas
(nereinafter called "boiler exhaust gas") discharged from a
boiler, and then the boiler exhaust gas is discharged into the
atmosphere. Known examples of such desulfurization treatment
with an exhaust gas desulfurizer include systems employing a
limestone-plaster method, a spray dryer method, or a seawater

method.



[ 0003] An exhaust gas desulfurizer enploying the seawater nethod (seawater
desul furi zer) uses seawater as an absorbent. In this system for exanple,
seawat er and boil er exhaust gas are supplied to the inside of a

desul furization tower (absorption tower) having a substantially
cylindrical shape, such as a |longitudiznally disposed cylinder, to cause
gas-liquid contact in a wet system thereby renoving sul fur oxides using
the seawater[@Em®n absorbing solution. As shown in Fig. 3, for exanple,
when the seawater (used seawater) used as an absorbent for desul furization

in the aforeyent desul Sl 1Zati oMk t QRS Jy M tHE & eSRaWale e teidat i on

treatnent system (SOIS) 1 to be drained away, the used seawater is

decar bonat ed Qﬁﬁ;aeﬁgh_@ﬁ;¥g ti&gégMéé&wgq§%gﬁgiQfgﬁgﬁgﬁh di sghar ged

from an W61 atd on devi ce i'sposed on a bottomface t'he " seawat er
APEINLG b R R T N ST
ai r-suppl yi ng ipe 11 and is disposed on a bottomface |a of the seawater
oxi dat i oamnlea‘eacﬁeﬁﬂ tipstiafi e THe shetarat! for 420 5y i teate v ¢8RS o tacge
nunber of aeration nozzles 13 that are horizontally arranged approxi mately
par al | eltdvwett)héndotrtom fadestantiBlely cylindrical shape, such as a

longitudinally disposed cylinder, to cause gas-liquid contact

in a wet system, thereby removing sulfur oxides using the

seawater as an absorbing solution.

As éhown in Fig. 3, for example, when the seawater (used
seawater) used as an absorbent for desulfurization in the
aforementioned desulfurization tower flows in a seawater
oxidation treatment system (SOTS) 1 te be drained away, the
used seawater is decarbonated (aerated) by aeration with
micro-air-bubbles 2 discharged from an aeration device 10
disposed on a bottom face la of the seawater oxidation
treatment system 1.

[0004]

Figs. 4, bA, and 5B show a conventional aeration
apparatus 10. A header 12 is connected to an air-supplying
pipe 11 and is disposed on a bottom face la of the seawater
oxidation treatment system 1. The héader 12 is provided with
a large number of aeration nozzles 13 that are horizontally

arranged approximately parallel to the bottom face la. The

aeration nozzles 13 are each a rubber hose provided with a



aeration nozzles 13 are each a rubber hose provided with a 3 |[|arge nunber
| cuts 14 and covering the outer face of a base material; they are
generally called "diffuser nozzles". Such aeration nozzles 13 can

di scharge a | arge nunber of mcro-air-bubbles having approximtely the

of sma

sane Si

ze by

opening the cuts 14 when3the hose is expanded by the pressure

of air supplied fromthe air-supplying pipe 11. There is no techni.cal
literat g ddaturthesclasesdihne ciapplicatidndfe deiatinen dinzal endo dna
aeration apparatus enploying aeration for decarbonating (aerating)

thdused + Seaval egl‘)es)f rom af. fxhaus 3‘ &as desy frdzar ddz1es

ef fl uen

desulfurlzatlon using a
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armunt or mcro-
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anount of air supplled However, since the g ration nozzle 1 called a
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favorable micro-air-bubbles, it is necessary to increase the nunber of
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of air).

That

is, in the case where a plurality of the sane type of

aerationaﬂoztieSuﬁﬁﬂieﬁlﬁmnm the air-supplying pipe 11.
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There is no technical literature that discloses the
cation of aeration nozzles to an aeration apparatus
ying aeration for decarbonating (aerating) effluent (used
ter) from an exhaust gas desulfurizer for desulfurization

a seawater method.

Disclosure of Invention
[0005]
In the decarbonation by aeration, the decarbonation

rmance can be improved by increasing the amount of micro-

air-bubbles by increasing the amount of air supplied.

However, since the aeration nozzle 13, called a diffuser

nozzl

e, has an optimum amount of supplied air for generating

favorable micro-air-bubbles, it is necessary to increase the

numbe
air-b

plura

+ of nozzles in order to increase the amount of micro-
ubbles (the amount of air). That is, in the case where a

lity of the same type of aeration nozzles 13 is used, the

number of nozzles per unit area disposed on a bottom face la

of the seawater oxidation treatment system 1 is necessarily



nunber of nozzles per unit area disposed on a bottomface la of the
seawat er oxidation treatnent system 1l is necessarily 4 increased. [0006]
However, the conventional structure having horizontally arranged aeration
nozzles 13 has a limtation in the nunber of nozzles that can be di sposed
per unit area of a bottomface |la of the seawater oxidation treatnent
system 1. Consequently, this limtation restricts the anount of air

suppl i ed fHeagenerating mcro-air-bubbles. That is, in a plan view of the
seawat er oxidation treatnent system1l, since the area of the bottomface
| a covered by, hori zontal ly di sposed aeration nozzle 13 is large, the
nunber of nozzles that can be disposed per unit area so as not to overlap

each other in the vertical _directiaon i jmp.ted. ¢ t ntion has
been made undSF$HE rabdte-o% e‘%ec“?ﬁ 5ed cisrsccéudrrs LIarﬁec ehsa:l;qgl d hleot%:e'}ﬁr}s? I{f}l:nr%l\io j ect of

the present invention to provide an aeration apparatus in which the nunber
of aer at3 ORTHE Y |5 & H4n Z&t—?%i@p&?&ﬁj ape]rl“ifﬁ%{)tlé’rned'rbfthf Bot¥ImFace of

a seawat er oxidation treatnment systemcan be increased to inprove the
decar borratd Dre perlfast matt byl g bre i Wh- & - Sfercdt iR AUFRd fars flér
decarbonating (aerating) seawater used for desul furization.

of the seawater oxidation treatment system 1. Consequently,

this limitation restricts the amount of air supplied for'
generating micro-air-bubbles. That is, in a plan view of the
seawater oxidation treatment system 1, since the area of the
bottom face la covered by each horizontally disposed aeration
nozzle 13 is large, the number of nozzles that can be disposed
per unit area so as not to overlap each other in the vertical
direction is limited.

The present invention has been made under the above-
described circumstances, and it is an object of the present
invention to provide an zeration apparatus in which the number
of aeration nozzles that can be dispcsed per unit area of a
bottom face of a seawater oxidation treatment system can be
increased to improve the decarbonation performance by aeration
with the aeration apparatus for decarbonating (aerating)
seawater used for desulfurization.

[0007]

The present invention employs the following means for
solving the above-mentioned problems.

The aeration apparatus according to the present invention



[0007] The present invention enploys the follow ng nmeans for solving the
above- nenti oned problens. The aeration apparatus according to the present
invention 5 is installed in a seawater oxidation treatnment system for
drai ni ng used seawater discharged froma desul furization tower of an
exhaust gas desul furizer using seawatet as an absorbent and configured to
conduct decarbonation by generating mcro- air-bubbles in the used

seawat eri.g lih dihe 1ael atd o Appaiilsxi cdieadalrdainkgid &yeamrmezat i on Wi th
an air-supplying pipe is installed on a bottomface of the seawater

oxi dat i qf} 188l eMeq WShee AN A81ALLD MOAZ| LA Altiachad t e dhe

header so as to0 extend upward 1 n the vertical direction. The vertically

di sposed_.aeratiqgn nqQzzl es gener.at e Ju.Gro-ail.- les. ln this
aerat i onoffilpa[ﬁe\re g t?ea%eadgeusl fglor%*rztue% %ﬁ r?S %a[%&%?ﬁg%;iaﬁ %%%gi%]ﬁeﬁgr% pi pe
is installed on the bottom face of the.  seawater, oxidatiqn treatnment

syst em 3l FHE VEMSE S U SIF R HoF 2 SE5t: 5 he header
so as to extend upward in the vertical direction generate mcro-air-

bubbl es.z2iAcdordi R WD tHe ek ovad@at | 6 RE2zPESSLRAR ERRATBEYPnst al | ed
per unit area of the bottomface of the seawater oxidation treatnent

syst em carhdmedd ndreased,n conmpaneddtoidarhatith an air-supplying pipe is

installed on a bottom face of the seawater oxidation treatment
system, and aerétion nozzles are attached to the header so as
to extend upward in the vertical direction. The vertically
disposed aeration nozzles generate the micro-air-bubbles.

[0008]

In this aeration apparatus, the header communicating with
the air—supplying pipe is installed on the bottom face of the
seawater oxidation treatment system, and the vertically
disposed aeration nozzles attached to the header so as to
extend upward in the vertical direction generate micro-air-
bubbles. Adcordingly, the number of aeration nozzles that can
be installed per unit area of the bottom face of the seawater
oxidation treatment system can be increased, compared to that
in conventional horizontally arranged nozzles. That is, in a
plan view of the seawater oxidation treatment system, the area
covered by each aeration nozzle vertically disposed on the
bottom face can be notably decreased compared to that in the
horizontally arranged nozzles. Accordingly, the number of

nozzles that can be disposed per unit area is increased.



in conventional horizontally arranged nozzles. That is, in a plan view of
the seawater oxidation treatnment system the area covered by each aeration
nozzl e vertically disposed on the bottomface can be notably decreased
conpared to that in the horizontally arranged nozzles. Accordingly, the
nunber of nozzles that can be di sposed per unit area is increased. 6

[ 0009] According to the present invention described above, since the
nunber of aergid@n nozzles that can be di sposed per unit area of the
bottom face of the seawater oxidation treatnment system can be increased,

the amount ofpaid, SURPIH LA O Henar atd Nt & Qe driihb | 8%es, Iﬂ@{c%ased
by an anount correspondlng to the i ncreased nunber of nozzles.

result, g si %ﬁérc Advant %;zﬁi.gomaecd aarhtkr@tdltgb% eg;eg@eryg 'on

perfornance y aeration w he aeration apparatus onatlng
(aerating ter used fo | furization is i.nproved. Furthernore, in
the aer afﬁz té}edtki%tmsfir-:‘a ecbt;rtbk%asﬁac}??tpeel? focf(rjlr’%ntc]e T SHSHITEVEd, t he

| ength of the seawater oxidation treatnent(Eésten1necessary for perfornlng

a predet e metR el i RISH bt | B EHh ed g ef ore, an

advantage can al so be realized in that the cost and the space for
i nst al | i genetret seawetaro-oxi ddrilgnl ¢ g elat nemreased by an amount

corresponding to the increased number of nozzles. As a

result, a significant advantage is afforded in that the

decarbonation performance by aeration with the aeration

apparatus for decarbonating (aerating) seawater used for
desulfurization is improved.

Furthermore, in the aeration apparatus whose
decarbonation performance is improved, the length of the
seawater oxidation treatment system necessary for perfeorming a
predetermined level of decarbonation can be decreased.
Therefore, an advantage can also be realized in that the cost
and the space for installing the seawater oxidation treatment

system can be decreased.

Brief Description of Drawings
[0010]
[FIG. 1] FIG. 1 is a perspective view illustrating
vertically arranged aeration nozzles as an embodiment of an
aeration apparatus according to the present invention.

[FIG. 2A7 FIG. 2A is a plan view illustrating the nozzle



system can be decreased. Brief Description of Drawings [0010] [FIG 1]

FIG 1 is a perspective viewillustrating vertically arranged aeration
nozzl es as an enbodi nent of an aeration apparatus according to the present
invention. [FIG 2A] FIG 2Ais a plan viewillustrating the nozzle 7

[
installation structure of the verticall?y arranged aeration nozzles shown
in FIG 1. [FIG 2B] FIG 23 is a side viewillustrating the nozzle

i nst al | atrisam 1IStadicirurs: rafc e v tirealder tard=dnge c raeimatddor e maazzines shown
in FIG 1. [FIG 2C] FIG 2Cis a partial cross-sectional view

[

I Tustratdng dhesHhperistgect ure of a main portion of the vertically
arranged aeration nozzles shown in FIG 1. [FIG 3] FIG 3 is a view

schemt| cal | yrd g USHIAL kARG i 2R gt %9% a0RaLALYS Lashalhede R Aosppuater

oxi dation treatnent sys i S a perspective view
illustratin hor.i zont aI I arra c}?aer at.i.on ]g ozzl es of Cﬁ conventi onal

aeration A S AW i9UustSatihwg t he

nozzle installati on structure of the horizontally arranged aeration
nozzles shown in FIG. 1.

[FIG. 2C] FIG. 2C is a partial cross-sectional view
illustrating the inner structure of a main portion of the
vertically arranged aeration nozzles shown in FIG. 1.

[FIG. 3] FIG. 3 is & wview schematically illustrating an
aeration apparatus installed in a seawater oxidation treatment
system.

[FIG. 4] FIG. 4 is a perspective view illlustrating
horizontally arranged aeration nozzles of a conventional
aeration apparatus.

[FIG. 5A] FIG. 5A is a plan view illustrating the nozzle
installation structure of the horizontally arranged aeration
nczzles shown in FIG. 4.

[FIG. 5B] FIG. 5B is a side view illustrating the nozzle
installation structure of the horizontally arranged aeration
_nozzles shown in FIG. 4.

[0011]

Explanation of Reference Signs:

1l: seawater oxidaticn treatment system (SOTS)
la: bottom face

?2: micro-air-bubbles



nozzles shown in FIG 4. [FIG 5B] FIG 5B is a side viewillustrating the
nozzle installation structure of the horizontally arranged aeration
nozzles shown in FIG 4. [0011] Explanation of Reference Signs: 1:

seawat er oxidation treatnment system (SOIS) I|a: bottomface 2:

m cro-air-bubbles 8 10A: aeration apparatus 11: air-supplying pipe 12:
header 13A: aeration nozzle (diffuser nozzle) 14: cut Best Mde for

Carryi ngr gt ke sknventbparak@@12] An enbodi ment of an aeration apparatus
accordl ng to the present invention will now be described with reference to

t he a%\aLng%.irAgu%%rl@tlh%nnggar atus | OA shown in FIGS. 1 and 2A to 2C is
installe for exa , in"the inside of a seawater oxidation treatnment

system (gS)n 1 for draining seawater used for desul furization
(herei na réjfeerred to as "used

13A: aeration nozzle (diffuser nozzle)

14: cut

Best Mode for Carrying Out the Inventicn

[0C12]

An embodiment of an aeration apparatus according to the
present invention will now be described with reference to the
drawings.

An aeration apparatus 10A shown in FIGS. 1 and 2ZA to 2C
is installed, for example, in the inside of a seawater
oxidation treatment system (SOTS) 1 for draining seawater used
for desulfurization t(hereinafter, referred to as "used
seawater") discharged from a desulfurization tower (not shown)
of an exhaust gas desulfurizer using seawater as an absorbent
into the surrounding sea area. In this aeration apparatus
10A, the decarbonation (aeration) is conducted by generating a
large amount of micro-air-bubbles in the used seawater flowing
in the seawater oxidation treatment system 1.

[0013]

The éeration apparatus 10A is connected to an air supply

" source (not shown) disposed at the outside of the seawater

oxidation treatment system 1 through an air-supplying pipe 11.



seawat er") discharged froma desul furization tower (not shown) of an
exhaust gas desul furizer using seawater as an absorbent into the
surrounding sea area. In this aeration apparatus 10A, the decarbonation
(aeration) is conducted by generating a |arge anmount of m cro-air-bubbles
in the used seawater flowing in the s@water oxidation treatnent system 1.
[0013] The aeration apparatus 10A is connected to an air supply source

(not shown) &hisposadi atr tthe outside@fy irhe sigawdtleri s emdrdatdtenl tueeat nent
system 1 through an air-supplying pipe 11. 9 The other end of the

air- SUPH{%’A% Pi P& ddad fe OGS ef Bt taom Neader A2 argrangadialieng a bottom

face la o seawat er” oxidation treatnent system 1l. The header 12 is

branched in,the flo i i ggg the w dth direction of the bottom face
| a. The ?ﬁﬁ%ﬁt%%ﬂm}%ééﬂééﬁ%lw ader 12 is provided with a | arge nunber of

aeration nozzles  13A, called "diffuser, nozzles", so as .t.o exte q%u ward in
the vertical % ri&3i%n. 1ankd k?%a}n?}hecfﬁéq aé?eat‘%o%w a(%plaercaiilu%n ﬁﬁﬁpo heDt hi s
enbodi nent, the header 12 communicating with the air- supplying piﬁe 11 is
i nst al | edl rh t B et i gm Face s LUt Ihe 2SR altht er TEXUBRE o 2P RENEAE syst em
1, and the aeration nozzles 13A for generating a |arge anpunt of
m cro- aikeddbl B3 i ronrcided i th e atazghatites 1 el uppert Faearfz kg
header 12
13A, called "diffuser nozzles", so as to extend upward in the
vertical direction. That is, in the aeration apparatus 10A of
this embodiment, the header 12 communicating with the air-
supplying pipe 11 is installed on the bottom face la of the
seawater oxidation treatment system 1, and the aeration
nozzles 13A for generating a large amount of micro-air-bubbles
from cuts 14 are attached to the upper face of the header 12
so as to extend upward in the vertical direction.
[0014]
The structure of the aeration nozzles 13A will now be
briefly described.
As shown in FIGS. 2A to 2C, the aeration nozzles 13A are
installed on the upper face of the header 12 via flanges 15.
The air-supplying pipe 11 and the header 12, which are placed
in used seawater, are resin pipes in view of corrosion
resistance, for example.
As shown in FIG. 2C, the aeration nozzles 13A each have a

structure composed of, for example, a base material 16 having

an approximately cylindrical shape and made of a resin in view



so as to extend upward in the vertical direction. [0014] The structure of
the aeration nozzles 13A wll now be briefly described. As shown in FIGS.

2A to 2C,

header

corrosi oy r

the aeration nozzles 13A are installed on the upper face of the

12 via flanges 15. The air-supplying pipe 11 and the header 12,
which are placed in used seawater, argOresin pipes in view of corrosion
resi st ance,
have a sf rastisei onpased afce faja mxanplesd asdasetamt ef imlbtkl haseng  an
approxi mately cylindrical shape and nmade of a resin in view 10 of

for exanple. As shown in FIG 2C, the aeration nozzles 13A each

105051 ANE 6, ARl NSt teth SEANALSF , cidk & Ubbeindasespddedrayigded with

a |large nunber of cuts 14 and disposed so as to cover the outer

g ﬁ‘%.%pﬁ%ft%ﬂ%%eﬁéﬁ%%aﬁ“ﬁﬁ%ﬁﬁs of“‘gﬁ?&%ose 1748 the

ci rcunf
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base materi

wher e

q{nal state
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16 conmuni cat es mnth the inside of the header 12 via an air |nIet 19

passi ng YPRDUGINC t H Mo Rt s 128 aite tHeS§ | ahgl® 15'$ PaTIdia i Ehlabi % t he

The cuts 14 are closed when they are in a normal state where

no pressure 1s applied thereto.

[0015]

One end of the base material 16 communicates with the

inside of the header 12 via an air inlet 19 passing through

the header 12 and the flange 15 in order to enable the

introduction of air in the state that the base material 16 is

attached to the header 12. The interior of the base material

16 is divided in the vertical direction by a partition plate

16a provided at the midpocint in the axial direction thereof.

The flow of alr is inhibited by this partition plate 16a. 1In

additicn, an air outlet 16b is provided in the side face of

the base material 16, at a position on the header 12 side of

the partition plate 16a. This air outlet 16b allows alr to

flow out between the inner circumferential surface of the hose

17 and the outer circumferential surface of the base material

16,

that is, to flow out into a pressurization space 20, by

applying a pressure to the hose 17 to expand it. Therefore,

as indicated with the arrow A in the drawing, the air flowing

in the aeration nozzle 13A from the headér 12 flows into the



introduction of air in the state that the base material 16 is attached to
the header 12. The interior of the base material 16 is divided in the
vertical direction by a partition plate 16a provided at the m dpoint in
the axial direction thereof. The flow of air is inhibited by this
partition plate 16a. In addition, an &air outlet 16b is provided in the
side face of the base material 16, at a position on the header 12 side of
t he partiddion ¢t ai® théa.pah snaidriolt 16t fh6dn alHowsi miimlex 1fd amidout
between the inner circunferential surface of the hose 17 and the outer

ci reunf enent i @l opirdiace ffo the hasesdmterd@lon paddato issod d @wout into
a pressurization space 20, by applying a pressure to the hose 17 to expand

it. Theroelgtoi?e% 185 i;?dd}%"tseldd 'é%é_he arrow Ain the drawing, the air

flowing "in e aeration nozzle A fromthe header 12 flows into the 11

interior of the base material 16 fr the air_inlet, 19 and ,then flows out
into the pressifiyatlol%paer oo f]r%EJt}ﬁethaef rhoso%f]ﬁ i § P3He side face.

The jointing nenbers 18 fix the hose 17 to the base material 16 and
prevent Zakciimt ¥4 GWrd inraRDught % hd'al rfldut 1et e yFomiedkihg out
through the two ends. [0016] In the thus configured aeration nozzle 13A,
the air odtbi ngeh nEforomadiel thpader Weredghougte tthee amrdinl et 19 fl ows

f001el

In the thus configured aeration ncozzle 13A, the air
flowing in from the header 12 through the air inlet 19 flows
out into the pressurization space 20 through the air outlet
16b and stays in the pressurization space 20 to increase the
internal pressure because of the cuts 14 being closed. As a
result, the hose 17 is expanded by the increased internal
pressure of the pressurization space 20 to cpen the cuts 14
provided in the hose 17, resulting in the outflow of micro-
air-bubbles into the used seawater. Such generation cof micro-
air-bubbles is performed in all of the aeration nczzles 13A
that are provided with air via the ailr-supplying pipe 11 and
the header 12.

[0017]

The aeration nozzles 13A are vertically arranged on the
upper face of the header 12 so as to extend upward in the
vertical directicon. In such vertical arrangement, in a plan
view viewed from above the bottom face la of the seawater

oxidation treatment system 1, the area occupied by each



out into the pressurization space 20 through the air outlet 16b and stays
in the pressurization space 20 to increase the internal pressure because
of the cuts 14 being closed. As a result, the hose 17 is expanded by the

i ncreased internal pressure of the pressurization space 20 to open the
cuts 14 provided in the hose 17, resulting in the outflow of mcro-
air-bubbles into the used seawater. Such generation of mcro- air-bubbles

i s perfadedidh aldzafe t1Bn aerationidozzd wsl 13Mhathak,are phevided with air
via the air-supplying pipe 11 and the header 12. [0017] The aeration

nozzl es xﬂ%iaéam@ﬁr&ﬂx%ﬁ{g]néa adanges ahihes upper diace «f; tdre teader 12 so
as to extend upward in the vertical direction. In such vertical

arrange i l.an i i r vie, t t of the
eanat ot S n T st i TR S S MR 1
aeration nozzle 13A can be decreased.. That is, in the .vertically arranged
aer ati off WEAA S Tl%,&cﬁlatthelrhgb%mo?oqtﬁell%&ﬁ%qeégeaqra?tébq%rneo& “one nozzl e
is notably decreased conpared to that in horizontally arranged aeration
nozzl es.CorcHfERUeht4 ytha Bt diod'at ddathateedie BE RIS &F per

unit area can be significantly increased. Therefore, the header 12 can al so
be i nst alilied ared hmn be significantly increased.

Therefore, the header 12 can also be installed on the
bottom face la in regions where the header 12 cannct normally
be arranged because of the presence of the horizontally
arranged aeration nozzles 13, and, thereby, the aeration
nozzles 13A can be vertically arranged in these regions.

[0C18]

In the aeration apparatus 10A configured such that the
header 12 communicating with the air-supplying pipe 11 is
installed on the bottom face la of the seawater coxidation
treatment system 1 and the aeration nozzles 13A attached to
the header 12 are vertically arranged so as to extend upward
in the vertical direction and generate micro-air-bubbles, the
number of aeration nozzles 13A that can be disposed per unit
area of the bottom face of the seawater cxidation treatment
system can be increased compared to that in conventional
horizontally arranged aeration nozzles. Consequently, the
amount of air supplied for generating the micro-air-bubbles
can be increased by an amount corresponding to the increased

number of the nozzles. As a result, the decarbonation



bottomface la in regions where the header 12 cannot normally be arranged
because of the presence of the horizontally arranged aeration nozzles 13,
and, thereby, the aeration nozzles 13A can be vertically arranged in these
regions. [0018] In the aeration apparatus 10A configured such that the
header 12 communicating with the air-supplying pipe 11 is installed on the
bottomface |la of the seawater oxidation treatnent system 1 and the

aer at i o dVozZzem d3A atdachadd aidihe Hieadera tidrarpaardtieal lon d@aranged so
as to extend upward in the vertical direction and generate

m Cr o- ?‘&e&&%%ﬁ@e ad W8] 10fs ARFALd 0N, NOF 2B dL3AItMAL Lan e dinsposed
per unit area of the bottom face of the seawater oxidation treatnent
system can be_ i.ncreased. co to that in conventional horizontally
arrange E%éF‘Q%N%%ﬁég%%Syﬁggﬁgghuently, the anount of air supplied for
generating the m cro-air-bubbles can be increased by an anmount
corresponding[QQ}%%e i ncreased nunber of the nozzles. As a result, the
decarbonation 13 performance by aeration with the aeration apparatus | 0OA
for decar borBEt T Hp (Rt i) I EREF e PIGTRRAAR U iIPARTUTEET  be

significantly inproved. [0019] Furthernore, by inproving the decarbonation
perfor memteche zeration apparatus 10A, the length cof the seawater

oxidation treatment system 1 necessary for éonducting a
predetermined level of decarbonation can be decreased.
Therefore, the cost and the space for installing the seawater
oxidation treatment system 1 can also be decreased.

The aeration nozzles 13A are preferably arranged at equal
intervals in the flow direction and the width direction of the
seawater oxidation treatment system 1.

The present invention is not limited to the above-
described embodiment and can be variously modified within the

scope of the present invention.



of the aeration apparatus 10A, the length of the seawater oxidation
treatnent system 1 necessary for conducting a predeterm ned |evel of

decar bonati on can be decreased. Therefore, the cost and the space for
installing the seawater oxidation treatnment system 1l can al so be
decreased. The aeration nozzles 13A aredpreferably arranged at equal
intervals in the flow direction and the width direction of the seawater

oxi dation treatnent system 1. The presagpsi nvention is not limted to the
above- descri bed enbodi nent and can be variously nodified within the scope

of the pfeseninijwention. addsr G M dng Ah el atd @ni raRPaAis: dei ng
installed in a seawater oxidation treatnent systemfor draining used

S-eamteroxﬁégﬁf&w@@e;{n?{w %g%ﬁt@ff%%ﬁh%ﬁﬁ% D isgél]ar@g%fgst gas

desul furizer using Seawa an abso conduct
decarbonation b eperating mcro-air-bubbles in the used seawater,

wher ei n %%@éﬂ’é%letge s %%Wﬁﬁﬁl@aﬁtoﬁoﬁ YR %h %# r%%u?f%?i}'ilsﬁtg 9%ipe is
installed on the bottom face of the seawater oxidation treatnment system

and ni créesiki Bubht BsUaFed gePRIAT Rl 37 ot ARFATRIRE NS Rt IMEd R 0 the

header so as to extend upward in the vertical direction.
conduct decarbonation by generating micro-air-bubbles in the

used seawater, wherein

a header being in communication with an air-supplying
pipe is installed on the bottom face of the seawater oxidation
treatment system, and micro-air-bubbles are generated from
aeration nozzles attached to the header so as to extend upward

in the wvertical direction.



