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fromelectrolysis of seawater, absorbi ng carbon dioxide gas into the
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Title of Invention
CARBON DIOXIDE GAS FIXATION METHOD AND CARBON DIOXIDE GAS

-5 | .FIXATION APPARATUS

Technical Field
| [0001]
The present invention relates to carbon dioxide gas fixation method and
10  apparatus which fix carbon dioxide gas by producing an alkaline solution from
electrolysis of seawater, absorbing carbon dioxide gas into the seawater, and converting it
to calcium carbonate.
Priority is claimed on Japanese Patent Applicatibn No. 2010-193816, filed
August 31, 2010, the content of which is incorporated herein by reference.
15
Background Art
[0002]
Carbon dioxide gas has been cited as one factor in global warming, and
emissions of carbon dioxide gas have increased in conjunction with economic growth.
20  Accordingly, there is a serious need for reducing the atmospheric concentration of carbon
dioxide gas on a global scal_e.
[0003]
Convehtiona]ly, as carbon dioxide gas fixation methods, there has been proposal
of a method in which carbon dioxide gas is absorbed by an alkaline solution such as

25 amine, and 1s separated and recovered by heating; or a method in which carbon dioxide



'10002] Car bon di oxi de gas has been cited as one factor in global
war m ng, and em ssions of carbon di oxide gas have increased in conjunction
wi th econom c growth. 20Accordingly, there is a serious need for reducing
the atnospheric concentration of carbon, di oxi de gas on a global scale.

[ 0003] Conventional ly, as carbon di oxi de gas fixation nethods, there
has been proposal of a nethod in which carbon dioxide gas is absorbed by an
al kal i ne geothat hasrbesu s¢pazaicPFuhicpRcragdisngsa BUPUY &%Sél?”a??glopéﬁ%@%?jlsby
heating; or a nmethod in which carbon dioxide 2 gas that has been separated
and r ecouguefied)and groeedin thzudeep @scanarr madergomnde nbloaaeer thelfprgaeinged, and
stored in the deep ocean or underground. However, the foregoi ng nethods not

only i MPQSEh&RMiot BRERpBe dirdementabblirdédssbutiabodhvalvepessibilityiofy of
re-rel ease of the carbon dioxide gas stored in the ocean or underground.

510004] Ag. ARALNSICARALGHAX bAELGRE i IntRbbbrBdbathuniaher e 18 a_met hod

shown in ent cunent ation List 10 Patent Docunent [0005]
Pat ent DocumantO : .Japanese Unexam ned Patent Application, First
Publ i 8ation No.l 3-326155 15 Summary of Invention

As another carbon dioxide gas fixation method, there is a method shown in

Patent Document 1.

Citation List
10  Patent Document
[0005]
Patent Document 1: Japanese Unexamined Patent Application, First Publication

No. 2003-326155

15  Summary of Invention
Technical Problem
[0006]
In light of the foregoing circumstances, the present invention offers carbon
dioxide gas fixation method and carbon dioxide gas ﬁxatioh apparatus which fix carbon

20  dioxide gas with little environmental impact, and with no possibility of re-release.

Solution to Problem
[0007]

The present invention pertains to a carbon dioxide gas fixation method

o
ot

including; electrolyzing seawater; separating anodic electrolyzed water and cathodic



Techni cal Probl em [ 0006]
t he present

In light of the foregoing circunstances,
I nvention offers carbon dioxide gas fixation nethod and carbon

di oxi de gas fixation apparatus which fix carbon 20di oxide gas with little
envi ronnment al i npact, and with no possi?ility of re-release. Solution to

Probl em [ 0007] The present

fixation nmethod 25including: electrolyzing seawater; separating anqdi
el ect r ol yaledroheacd watd Preducad By lectolysia of e sgawpicanmiiting Akalmsanadgrial

el ectrolysis of the seawater; inputting alkaline nmaterial into the anodic
el ectr ol yinedtheanedic tlecmalyzst wikt, toidpwt pld; lawingcalbaxdideidggss infit et he
cathodic electrolyzed water to fix the carbon di oxi de gas as carbonate; and

i nt er m xi gghddiceladtaulydalaatio dixyhe carbai dloxirletgas aptarbeliaus tn@ iteratiginghe

i nvention pertains to a carbon di oxi de gas

c

cat hodic el ectrolyzed water 5after carbonate fixation and di scharging the

I nterm x
to a pH
wast e .co

anode-5si

the seawateér. [70008]

errirc rons | ano

el ectrolyzed water in the seawater e]ectrolysis process.
ﬁoft e¥. P

10

intermixed water 1s 1dentical to ap ¢ seawat

[0008]

In this case, the alkaline material may be waste concrete.

[0009]

Iron, which is a soluble metal, may be used in an anode-side electrode to cause
dissolution of ferric ions in the anodic electrolyzed water in the seawater electrolysis
process.

[0010]

In addition, the present invention pertains to a carbon dioxide gas fixation
apparatus, including: an electrolysis tank which has an anode and a cathode; a barrier
membraﬁe which partitions an interior of the electrolysis tank into an anode-side region
_containing the anode, and a cathode-side region containing the cathode; a first treatment
tank which stores anodic electrolyzed water produced in the anode-side region; a second
treatment tank which stores cathodic electrolyzed water produced in the cathode-side
region; a power-supply unit which supplies power to the anode and the cath.ode; an
alkaline material input device which inputs alkaline material into the first treatment tank;
and a carbon dioxide gas blower which blows carbon dioxide gas into the second
treatment tank, in which wastewater from the first treatment tank and wastewater from

the second treatment tank are intermixed, and discharged.

[0011]

el?e‘ﬁﬁ&ﬁ& eleBir@y>ddAl @ter"‘ff?é’r?yl—laacﬁﬁ?tﬂgnttéﬁ@ thd ¥ REJHi X SEcYRV R Wated denti cal
of n this case, the alkaline material nay be
S SophRBShud Dk MU ok ooy By TP Sl TR REVTSE

I C

in an



1001I0] In addition, the present invention pertains to a carbon di oxi de gas
fixation 15apparatus, including: an electrolysis tank which has an anode
and a cathode; a barrier nenbrane which partitions an interior of the

el ectrolysis tank into an anode-side region containing the anode, and a

cat hode-si de region containing the cathode; a first treatnment tank which
stores anodic electrolyzed water produced in the anode-side egi ol ;oa
second treat medn thisgascythe ppwerBipely Wit mayhaveat &ast 16t d OWé(Pﬁ?‘ oF gduced in
t he cat hode-side 20 region; a power-supply unit which supplies power to the
anode andudlivell caindgaever geneadtia wiane poweregenatatirngnean dhevngleengrgydenEiapiit s

al kaline material into the first treatnent tank; and a carbon di oxi de gas

bl ower whjngRolat feEmaIzRRAgehicpatbrle gas into the second treatnent tank, in
whi ch wastewater fromthe first treatnent tank and wastewater fromthe

second treat ”e::[bOlt nk are interm xed, and discharged. 25[0011] 4 In this
case, the power-supply unit may have at |east one of photovoltaic cell,

fuel cell, win ower generat.or. wave. po r , JShermal energy
gener &tor, and |P8W°f'%'é‘%?§9é}’“138(%r°°’é§%{'gar@@E‘%&W@‘&%‘?&g‘?ﬁg g\ﬁggr]-supply uni t
may contain a fuel cell which uses hydrogen gas gﬁ%gra&led 0(2 t.ge
cat hode- degeraidgnghe cathefeoN g e GadnGRREFR ERHETH L HEC UG B2 HES 1 egi on.
[0013] The alkaline material inputted fromthe al kaline material input
devi ce maygibe. 10wast e concrete. [0014]

[0013]

The alkaline material inputted from the alkaline material input device may be

10  waste concrete.
[0014]

The anode preferably may contain iron as a consumable electrode, and the

consumable electrode may dissolve ferric ions.

15  Advantageous Effects of Invention

[0015]

With the carbon dioxide gas fixation methbd of the present invention, seawater
is electrolyzed, anodic electrolyzed water and cathodic electrolyzed water produced by
the electrolysis of the seawater are separated, alkaline material is inputted into the anodic

20 electrolyzed water to adjust pH, carbon dioxide gas is blown into the cathodic
electrolyzed water to fix the carbon dioxide gas as carbonate, and the anodic electrolyzed
water after pH adjustment and the cathodic electrolyzed water after carbonate fixation are
intermixed, and discharged with a pH identical to that of seawater. Consequently, it is

~ possible to fix carbon dioxide gas without impact on the environment.

25 [0016]



The 'anode preferably may contain iron as a consumabl e el ectrode, and the
consunmabl e el ectrode may di ssolve ferric ions. 15Advant ageous Effects of

| nvention [0015] Wth the carbon di oxide gas fixation nethod of the
present invention, seawater is el ectrolg/zed, anodi c el ectrol yzed water and
cathodic el ectrolyzed water produced by the electrolysis of the seawater
are separated, alkaline material is inputted into the anqdic .20el ett):lt rolyzed
wat er to adj ustln g caskanphiexide 8as fpeatign nathod,pighmpreasns MYBLLIHS §PSIDIC

el ectrol yzed water to fix the carbon di oxi de gas as carbonate, and the
anodi ¢ elteconmmimatly petfenm aédtmentdd indijstrél waste rapdhctsheheustigoveste| ect r ol yzed
wat er after carbonate fixation are interm xed, and discharged wth a pH

i dent i caloherefhBith@fiksaRWAAtEHal. Consequently, it is possible to fix carbon

di oxi de gas w thout inpact on the environnent. 25[0016] 5 In the
car bon di oxi de (8657 fixation nmethod of the present invention, it is possible
to concomtantly performtreatnent of industrial waste products when using

wast e concrete as, the al kal.ine terial, o) .ot : %l de gas
fixatiPon met hod?&fe 3RO &8%@5#@%@*?&%%‘,“%@@ Bgﬁs% 1{1\?&:8?]118!’1%8&15?@ a

sol uble netal, .in the anode-side el eé:t r.qde, fe(gj&:c .l ons arda dLsgol ﬁj%d in

t he anodiiEone Whighris pypoligic metal i theapedessidpaleaioqs ne BN afedisirnEddl they g
ferric ions that are a nutrient of phytopl ankton are supplied into the
seawat er . anddicelectrelized waten iratwtseomator Slesisal iy praressranddensicdoms B 42 hi evi ng
fixation of carbon di oxi de gas by phytopl ankton. 10[ 0018] Accordi ng

to the caifaentdrpjtdpiagiaen hieipblicd mpptcataveataf e rpsudls propagaticerfi on,
there is provided: an electrolysis tank which has an anode and a cat hode; a

barri er ”@ﬂ@& Dkt GRorREtel] dchRAToaTkatibh OF taboPfiokie gab BE phybylahisonank i nto
- Si

an anode region containing the anode, and a cat hode-si de region
contaj ning the @g? ode; a first treatnent 15tank which stores anodic

el ect 1%l yzed wa produced in the anode-side region; a second treatnment

tank which stores cathodic electrolyzed .er pr Odrﬁceﬂt Ln_the. h e-side
region; a powerASEHNg t%metcampéhoxégfp%qsiﬂah%ﬁ&ar > phige gﬁegg‘g "g‘?le n? qle
cathode; an alkaline material input device which inputs (%I_ kal ine materi al
into the thieresis pravadadirameleetsolksis tanl whieuhasen appdsanta elodsi BRAFChni ch bl ows
carbon di oxi de gas into the second . _ _ .
membrane which partitions an interior of the electrolysis tank into an anode-side region
containing the anode, and a cathode-side region containing the cathode; a first treatment
15  tank which stores anodic electrolyzed water produced in the anode-side region; a second
treatment tank which stores cathodic electrolyzed water produced in the cathode-side
region; a power-supply unit which supplies power to the anode and the cathode; an
alkaline material input device which inputs alkaline material into the first treatment tank;
| and a carbon dioxide gas blower which blows carbon dioxide gas into the second
20 treatment tank, in which wastewater from the first treatment tank and wastewater from
the second treatment tank are intermixed, and discharged. Consequently, it is possible
to fix carbon dioxide gas without impact on the environment.
[0019]

In the carbon dioxide gas fixation apparatus of the present invention, when the

25  power-supply unit has at least one photovoltaic cell, fuel cell, wind power generator,



‘20 treatnent tank, in which wastewater fromthe first treatnent tank and
wastewater fromthe second treatnent tank are interm xed, and di scharged.
Consequently, it is possible to fix carbon dioxide gas w thout inpact on
the environnment. [0019] In the carbon di oxide gas fixation
apparatus of the present invention, when the 25power-supply unit has at

| east one photovoltaic cell, fuel cell, w nd powe %ener tor 6 wave power
gener at 0MWave PERAT BINSFatell 0e3B thRymILeeray Fmeralr. groqo(iﬂr ?Wﬁﬁ‘?wﬁcﬁfﬁ?ra O,
generator, power is supplied by utilizing natural energy, or by using
energy t petvetdaappitdd prwiirie waubbmediyogi bieugjag enatandiegdeasmpyprodice s
possible to fix carbon dioxide gas wi thout inpact on the environnent.

5[ 0020] carbon didxidd fe&. c@ohgsuetdxitdepemibld iodat avboragipaidatgas withouthe present

i nvention, when the power-supply unit contains a fuel cell which uses

hydr ogen ‘&%ﬁct%‘ﬁ"tﬁé@ﬁ\ﬁﬂ)nﬁ{}n.he cat hode side, and oxygen gas generated on the
anode side, a portion of the power expended in seawater electrolysis is

again_used. in i ter electrolysis. Consequently, energy l1lOconservation is
achi eved. [ 002 ? t he carbon di oxi de gas fixation apparatus of the
present invention, when the alkaline material..inputted fromt)| | kal i ne
mat eri al i nput 1B&RS ‘E?éb‘?“s‘s‘WéEQFéa% ’Fﬂf‘roé'taQParf’{"ézQﬂc Hheresst Wﬁg‘ftgmcgﬁg?eee whi ch
is an industrial waste product can be concomtantly 15perf orned. 150 22]

In the caivwensappy it coataing iaaelicoh wingausss hxdrogen s gﬁﬂ@é@ﬁpn{{ﬁ%% 4%n, when
t he anode includes iron as a consumabl e el ectrode, the consumabl e el ectrode
di ssol vesideand 6xygengas pheraby os thepingdangde. epoiaref the powérgxperddddns, whi ch
are a nutrient of phytoplankton. 20As a result, the excellent effects are
obt ai ned {hakePéleRAdNit Rhgain RBY iroRkaalet eRctrslysis. Consequently, energy

10  conservation is achieved.

[0021]

In the carbon dioxide gas fixation apparatus of the present invention, when the
alkaline material inputted from the alkaline material input device is waste concrete,
treatment of waste concrete which is an industrial waste product can be concomitantly

15  performed.

[0022]

In the carbon dioxide gas ﬁxation apparatus of the present invention, when the
anode includes iron as a consumable electrode, the consumable electrode dissolves ferric
ions, thereby supplying the ocean with ferric ions, which are a nutrient of phytoplankton.

20 As é result, the excellent effects are obtained that propagation of phytoplankton is

promoted, and fixation of carbon dioxide gas by phytoplankton is achieved.

Brief Description of Drawings
[0023]

25 FIG. 1 is a schematic view of an embodiment of the present invention.



‘pronoted, and fixation of carbon di oxi de gas by phytoplankton is achieved.
Brief Description of Drawings [0023] 25FIG 1 is a schematic view of an

enbodi ment of the present invention. 7 FIG 2 is a graph which shows
the cathode current density and the pregipitation ratio of CaCO8 and
My(OH) 2 in the present enbodi nent. FIG 3 is a duplex diagramwhich

shows changes in pHin the electrolytic treatnment, of th resent ..

enbodi ment . SFIFEI. 2isiagraphswhishahews the seieogs alaT%deﬁ‘té’ﬁ“g eGP Ratioon

di oxi de gas fixation apparatus of an enbodi ment of the present invention.
FIG 5 i satio bf CakOdambMg(Oihiio thesprosest embedimgnt. bal ance in the carbon

di oxi de gas fixation apparatus. 10 Description of Enbodi nents [0024]

Enbodi ments of Hihes RrLapx disuembwinoh sicevsthangdshe gHhialtlhwelodttdiytieef er ence t o
drawi ngs. [0025] 15First, the principles of an enbodi ment of the present

I nventi on, affef6F e RE&Int dnbodiment.

5 FIG. 4 is a schematic block diagram which shows a carbon dioxide gas fixation
apparatus of an embodiment of the present invention.
FIG. 5 is a block diagram which shows material balance in the carbon dioxide

gas fixation apparatus.

10  Description of Embodiments
[0024]

Embodiments of the present invention are described below with reference to

drawings.
[0025]
15 First, the principles of an embodiment of the present invention are described in
FIG. 1.
[0026]

In FIG. 1, 1 indicates an electrolysis tank, 2 indicates a first treatment tank, and
3 indicates a second treatment tank.
20 [0027]
The electrolysis tank 1 has an electrolytic treatment container 4 made of
corrosion-resistant material such as stainless steel, and the electrolytic treatment
container 4 has an inlet 5 at the upstream end, and an outlet 6 at the downstream end.

Seawater 7, which flows in from the inlet 5, runs uniformly through the interior of the

[\
ot

electrolytic treatment container 4, and is discharged from the outlet 6.



FIG" 1. [0026] - I'n FIG 1, 1 indicates an electrolysis tank, 2
indicates a first treatnent tank, and 3 indicates a second treatnent tank.
20[ 0027] The electrolysis tank 1 has an electrolytic treatnent container 4
made ‘of corrosion-resistant material sugh as stainless steel, and the

el ectrolytic treatnent container 4 has an inlet 5 at the upstreamend, and
an outlet 6 at the downstream end. Seawater 7, which flows in fromthe
inlet 5 runs WPXdrmy through the interior of the 25electrolytic
treatnment - container 4, and is discharged fromthe outlet 6. 0028]

Vari ous met hod&vaniays inethadopiag de adoptedras amgthefl of dorming theHlow pighe of t he
seawater 7. For exanple, the electrolytic treatnent container 4 nay be

subner gedeiwaried errdr@xathplel te cheaalytic Wea@idng camainbiad/may be setenergedm 7 1 ow
through the interior of the 5 electrolytic treatnent container 4; or a

screw or v%eﬂgr th iRz OBVl CuRERY ififithv ind REwhidt $HloW thioueh @R Rttt 6f thel ow by

rotating I's screw by a notor; or the seawater 7 may be taken in by a punp

or the like nd supplied to.the i ey 8is
ot ovi Ged sterurolaE BRIk SPhbst £or el B e A€ Pl e pROVIAT in IR 320
direction of the seawater. The barrier rrenb.raqﬁ%B a{ti7ti ons ttlpe iin erior
of the elcweats YR flewigatavpgihis sEwi Yt MR PG scalidten / iR Ydatim ™ ™Nat a
flow of the seawater 7 separated by the barrier menbrane 8 is formed inside
t he el ectamingp prthe likatandrsupplsditaithigeinled 5. [ 0030] 15The barrier menbrane 8
uses a material and structure through which electric

[0029]

A barrier membrane 8 is provided inside the electrolytic treatment container 4 in

10 the flow direction of the seawater. The barrier membrane 8 partitions the interior of the
electrolytic treatment container 4 in two, with the result that a flow of the seawater 7
separated by the barrier membrane 8 is formed inside the electrolytic treatment container
4.

[0030]

15 The barrier membrane 8 uses a material and structure through which electric
current passes and which prevent or inhibit intermixture of the separated streams. For
example, one may use unglazed plates in tile form laid out in rows, or porous sheets or
the like made of synthetic resin.

[0031]

.20 In the case where the interior of the electrolytic treatment container 4 is
partitioned by the barrier membrane 8, various formats are conceivable such as vertical
partitioning, lateral partitioning, and concentric partitioning, but the following is a
description of the case where the interior of the electrolytic treatment container 4 is
vertically partitioned by the barrier membrane 8.

25 [0032]



‘current passes and which prevent or inhibit interm xture of the separated
streans. For exanple, one may use unglazed plates in tile formlaid out in
rows, or porous sheets or the like nade of synthetic resin. [0031] 20In the
case where the interior of the electrolytic treatnment container 4 is
partitioned by the barrier nenbrane 8, various formats are conceivabl e such
as vertical partitioning, |lateral partitioning, and conﬁent iC '
partitioning, Bupositive el@tmdwamgde)sgp i§ pRexidad glensihe yppervaalksigiaeopkthe ¢ he
interior of the electrolytic treatnent container 4 is vertically

partiti orr@irblytit eathant canaimerdnareatdze 25008 Kathode) 11 isArgradéd alore dkect r ode
(anode) 9 is provided along the upper wall surface of the electrolytic

treat Nentow& WAl fiftfacéd, and thediide Yandiectatindie 10 cad Repee)ivdly cosnqutaavbded al ong
the lower wall surface, and the anode 9 and the cathode 11 are respectively

connected, Lo, a Rglgrsiagg glgégé}tﬁg lpglea(ﬁ% SRy B8l 8207 ARcRaMSTy, 8/ BRIGS-sidY t 12.

Accor di né’loy, a region 9a and cat hode-side région 1la are
formed within the elecirolytic treatnent container . LLboni ng of the
i nt er Por &30 Raagd ‘é%&‘?‘%r%}‘ﬁ/??g{o?‘ela}f‘ﬁé% Or@givgﬁﬁ'etﬂ gﬁleégf&mgﬁ%%tﬁepfe)r membr ane
8. [0033] The power-supply unit 12 uses eithe ower neratiop, utilizing
natural eaatager 4 by PIRHIBNMIPS 1040 tlﬁcﬁ%f”&)@ﬁéﬁéﬁ%ﬁ CoRpIg" %8%@}@
generation, wave power generation, ocean thernal energy generation, and

sol ar t hdvaridr nmomerang&ner ati on, or a fuel cell (described below), or uses a
conposite device conposed of two or nore of these. Furthernore, in the case

where power is[gogn)lied froman electric power plant, it is also acceptable
~to utilize nighttinme surplus power. 15[0034] As the anode 9, an

anode is used ifhWowehsgppiplinilie ugfé%te?thexi Sovel REhératoratilaiROns ARy

el ectrode material 13 into a bucket (consumabl e el ectrode storage

cont ai ner f reticylar. or i I as
Pt artoum sty g PRUOFHRin Ser BOAGHTE Wi E Soplr RerallSh il PoffEl Binchih B i
13. Not only is iron easy to.obtain as

i ons t hatocgadsmyal cagrey gencration. and aelar tfh\g?aﬁs%r%f?%'ggg%q%%%h% ortfuct (i T €
(described below), or uses a composite device composed of two or more of these.
Furthermore, in the case where power is supplied from an electric power plant, it is also
acceptable to utilize nighttime surplus power.

15 [0034]

As the anode 9, an anode is used in which a soluble metal is inputted as a
consumable electrode material 13 into a bucket (consumable electrode storage container)
of reticular or porous plates of an insoluble metal such as titanium. Iron is preferable as
the inputted consumable electrode material 13.  Not only is iron easy to obtain as waste

20 ~ material, but the ferric ions that dissolve serve as nutrients for propagation of
phytoplankton.  As a result, phytoplankton is propagated by supplying ferric ions to the
seawater, and carbon dioxide gas fixation by phytoplankton can also be anticfpated.

[0035]

The cathode 11 uses platinized titanium or the like. A hydrogen recovery

25  device 14 is proQided in the vicinity of the cathode 11 or opposite the cathode 11, and the



‘phyt'opl ankton. As a result, phytoplanlcton is propagated by supplying
ferric ions to the seawater, and carbon di oxi de gas fixation by
phyt opl ankt on can al so be anticipated. [0035] The cathode 11 uses
platinized titaniumor the |like. A hydrggen recovery 25device 14 is
provided in the vicinity of the cathode 11 or opposite the cathode 11, and
the 10 hydrogen recovery device 14 recovers hydrogen, gas nerated on the
cat hode thydgigde recpparsaipvise dhagcavers hadrogen das SeRFBIRGHP C%Ihg‘ﬁee‘ebs‘é?'de i's
directed to the first treatnent tank 2, and seawater that flows through
the cathode 11[803% is directed to the second 5treatnent tank 3. [0037] The
first treatnent tank 2 has a waste concrete input device 15, and concrete

that is waste nph@kfeRthat Bowsikbighdhe aicdctowdd isrdivected emthedinst tieatmer® by t he
wast e concrete input device 15. The i nputted waste concrete is preferably

| veri h t . bed h
pul v 'Z%g%w\%fn%.dt%ﬁéﬁt&%a%fx@tﬁm% 'ﬂ’f‘eaoat}fb{alg 111%583\?%1“&%@@%@% such as

sand, roc ke i's nore preferable. [ The. second
treatnment tank 3 h a carbon di oxi de gas bl ower 16 which bl ows carbon

di oxi de AP B fromthe air or carbon dioxide gas emtted from
industrial plants into the second treatnent tank 3. It is also acceptable
to directly bl d3lr into the 15second treatment tank 3 with the obj ective

of using the carbon di oxide gas contained in the air.
The first treatment tank 2 has a waste concrete input device 15, and concrete that

is waste material is inputted into the ﬁrst treatment tank 2 by the waste concrete input
device 15. The inputted waste concrete is preferably pulverized with a large surface
10  area, and removal of aggregate such as sand, rocks and the like is more preferable.

[0038]

The second treatment tank 3 has a carbon dioxide gas blower 16 which blows
carbon dioxide gas separated from the air or carbon dioxide gas emitted from industrial
plants into the second treatment tank 3. It is also acceptable to directly blow air into the

15 second treatment tank 3 with the objective of using the carbon dioxide gas contained in
the air.

[0039]

The operations of the present embodiment are described below.
[0040]

20 Electrolysis of seawater occurs by applying voltage between the anode 9 and the
cathode 11 to cause energization between the anode 9 and cathode 11, and it is primarily
the reactions of the following formulas (1) and (2) that occur on the cathode 11 side.

[0041]
H,O0 + 1720, +2¢” = 20H" (D

25 2H,0 +2¢ —» 20H +H, 2)



T10039] The operations of the present enbodi nent are described bel ow. [0040]
20El ectrol ysis of seawater occurs by applying voltage between the anode 9
and the cathode 11 to cause energi zati on between the anode 9 and cat hode
11, and it is primarily the reactions Zﬁ the followng fornulas (1) and (2)
that occur on the cathode 11 side. [00 i] H20+ 1/202+ 2e- ---> 20H (1)
252H20 + 2C --> 20H + H2(2) 11 [0042] Accordingly, the pH of seawater on
the cathode si 42hereinafter referred to as "cathodic el ectrol yzed water
7b") increases due to generation of OFF (hydroxy_ ions), producing CaCO3 and
My(OH) 2, as shaewnoridingly, Gie2pH bfseaskater o the giteaeside Gpreinafes 5 eﬁﬁfdégﬁFurre per
unit area of the cathode 11 is considered as cathode current density Dk

(A1), tRenGak Bfégﬁolzwdr\%tbr The srickaastkdurnd gemeatinreat GHE diydmxyriens)o of CaCCB
and MgJ(OH)2 are as shown in FIG 2. That is, when the cathode current

density Dk |ncr e (=T I'pi I th o o Hen digrlefe in@&and a
sat ur at ed’r%%ﬁmctﬁ% Ty ng%&%gfzhgr%@%ggﬁ F'g(g 2|pr é@?ﬁ%ati on of IS/g(%ﬁ)@ng;t t he
poi nt where cat hode currgent nsity Dk 10e e Mencitv

Preci Pi t HOIWHE B UBHERS ﬁﬁgﬁﬁ’gﬁ?‘% fc-léﬁ F%é‘%%ég%aﬁg}oég %er%tdlegsﬁt}ol?k Mg( OH) 2
gradual ly increases up to a cathaode current .density. f ng) .
Consequer(t“sl/m?), the cathede evrem gensiy [aaHbhe PESGRIBHED B%W???t%qg% a(“lﬁ{ becomnes
possible to control the precipitation ratio of CaCO3 and My(OH)2, or to
sel ect i velly((Hpeipas shibenGaER 2and hesisMyhaHhe cathode current density DK

increases, the precipitation ratio of Mg(OH), increases, and a saturated condition ensues
with respect to precipitation of Mg(OH), at the point where cathode current density Dk
10 exceeds 2 (A/m”).

Precipitation of CaCOs gradually decreases and precipitation of Mg(OH),
gradually increases up to a cathode current density Dk of 2 (A/m%). Consequently, by
controlling the cathode current density DK, it becomes possible to control the
precipitation ratio of CaCO; and Mg(OH),, or to selectively precipitate CaCOs and

15  Mg(OH)..

[0043]

With actual electrolysis, it is inefficient when the cathode current density Dk is
]owéred, because the speed of electrolysis slows.  Moreover, it is known that when
Mg(OH), is left standing in the cathodic electrolyzed water 7b after precipitation of

20 Mg(OH),, a reaction occurs in which Mg(OH), is replaced by CaCO; by the following
reaction.
[0044]

Mg(OH), + Ca** + HCO; — Mg®™ + CaCO; +2H:0 (3)

[0045]

[\V]
[w]]

Therefore, by setting the cathode current density Dk hi gh, the cathodic



10043] Wth actual electrolysis, it is inefficient when the cathode
current denS|ty Dk is | owered, because the speed of el ectrolysis slows.
Moreover, it is known that when M(OH)2 is left standing in the cathodic
el ectrol yzed water 7b after precipitatihgn of 20 My(OH)2, a reaction occurs
in which Mg(OH) 2 is replaced by CaCO3 by the foll ow ng reaction [ 0044]

My(OH) 2 + Ca2+ + H2COB -+ My2+ + CaCO3 + 2H20 refore, b
setting tlestrelyzebwates b a%qwm&@?%mttbe ggeopd Hﬁatnl("ﬂétabég %?é‘{) &l ectrol zzed

wat er 7b accunulates in the second treatment tank 3 in a state where
My( OH) 2 iNg(Ote ispprecipiated. CaCarbon diosidedias ifaows insp dhdnserpndireat@enfdanni
treatnent tank 3 by the carbon di oxi de gas bl ower 16. [0046] 5H2COB is

produced pyltRdt4sb¥n @iddidelpds bowet 08 ng carbon di oxi de gas into seawater, and
the reaction of the aforenmentioned formula (3) is induced by this HZCO3

[ 0047] @504% result, CaCO3 is precipitated, and carbon dioxide gas is
fixed in the secon treatrrent tank 3. As CaCC3 is a substance which is

stabl e in an alial ne, 3ghuti o0, tcknd 110 Bl SebiBf Goxitt oORR NOt

di SSOFSVE inth over In ére seawat er oes not turn

dic, th bop_di oxid d b
bl ance GeawTig: ARG sHEn OV REAYEMEN erd e HB G Breed B HBART or 70

from whi ch CaCO3 has been renoved is discharged fromthe second treat rrent
tank 3. [0048] [@64AHxt, in the case where iron is used as the consumabl e
el ectrode material 13 on

As a result, CaCOs is precipitated, and carbon dioxide gas is fixed in the second

treatment tank 3. As CaCOs is a substance which is stable in an alkaline solution wifh a

10 pH of 8.5 more, it does not dissolve in the ocean. Moreover, in the case where seawater
does not turn acidic, the carbon dioxide gas will not be re-released due to the carbon
balance of the atmosphere. Therefore, the cathodic electrolyzed water 7b from which
CaCO:; has been removed is discharged from the second treatment tank 3.

[0048]

15 Next, in the case where iron is used as the consumable electrode material 13 on
the anode 9 side, the following reactions occur, dissolving the iron. Furthermore,
ferrous hydroxide occurs and H" is produced by hydrolysis of ferric ions, thereby
lowering the pH of seawater on the anode 9 side (hereinafter referred to as "anodic
electrolyzed water 7a").

20 [0049]

Fe —» Fe™* + 2e” 4)

Fe™ + 2H,0 — Fe(OH), + 2H"  (5)

[0050]

The anodic electrolyzed water 7a which flows into the first treatment tank 2 1s

25  turned acidic by 2H*.  When waste concrete (Ca(OH),) is inputted into the first



't he ‘anode 9 side, the follow ng reactions occur, dissolving the iron.
Furthernore, ferrous hydroxide occurs and H+ is produced by hydrolysis of
ferric ions, thereby |owering the pH of seawater on.the anode 9 side
(hereinafter referred to as "anodic el ggtrol yzed water 7a"). 20[0049] Fe
---> Fe2+ + 2e-(4) Fe2+ + 2H20 --->-Fe? 2+ 2H+(5) [0050] The

25t ur ﬁeS' SERPER 2 RSP s R0 pe Gy Ferctd BRI AES U1

first i]reat nt ltank 2, the acidic seawater is neutralized by the waste
concrete ‘:'9 Q¥ WEMHE the fol | ow ng formila. Ca(OH)2 + 21-1-> Ca2+ +
2H20(6) [0051] n the ¢gase where a sol uble net al is not used in the

anode 9, or V\he(ﬁa(%b)wért?é{ 2l a9 s (68 conducted at a high current
density, chlorine Cl2 is generated, and HCl and HCLO are generated in
conjunction w tfleosHe generation of Cl2. As HCl is strongly acidic, and as
HC10 is a harnful substance to living creatures, electrolysis is conducted

at a qurrent demshé YaskRferd mlmlmmnﬁﬁ&tﬂs@@lﬁth@meqgr tien SRt -
However, as stated 10above, waste concrete (Ca(OH)2) i$ inputted into the

?222!{ |Cotr31| a(;?énto %%—D%Q}Q@Icgﬂ(ﬁ?.h;g\@asﬁygé'gﬁ%o%ﬁ%ﬂn% d]?ijsté’eﬂuageﬁga&y HEDEd

HCIO are generated in conjunction with the generation of Cl,.  As HCl is strongly
“acidic, and as HCIO is a harmful substance to living creatures, électrolysis 1s conducted
at a current density that inhibits generation thereof to the utmost. HoweQer, as stated

10 abb_ye, waste concrete (Ca(OH),) is inputted into the anodic electrolyzed water 7a,
wheréby the HCl 1s neutralized by the reaction of:

Ca(OH), + 2HC1 — CaCl, + 2H,0O (7)

[0052]

The seawater that has been neutralized and treated in the first treatment tank 2 is

15  then intermixed with the seawater discharged from the second treatment tank 3, and
released into.the ocean. In this case, the pH of the seawater after intermixture is set to
8.0 by controlling the amount of concrete to be dissolved in the anodic electrolyzed water
7a and the amount of carbon dioxide gas to be blown into the cathodic electrolyzed water
7b.

20 [0053]

Therefore, according to the present invention, as carbon dioxide gas fixation
treatment can be continuously conducted, and as waste concrete is used in the fixation
treatment process, treatment of industrial waste material can be conducted in parallel.
Moreover, the fixated CaCOs 1s widely present in the natural world as a primary

25  ingredient in seashells and the like, and has little environmental impact even if left as is.



10052] The seawater that has been neutralized and treated in the first
treatnent tank 2 is 15then interm xed with the seawater discharged fromthe
second treatnent tank 3, and released into the ocean. In this case, the pH
of the seawater after interm xture is th to 8.0 by controlling the anmount
of concrete to be dissolved in the anodic el ectrolyzed water 7a and the

anount of - AR QX | .C el ectrol yzed
wat er 7b-Aig{eggﬁgﬁb%ﬂl%l&?ﬁg:ﬂ%%%é@lgz%gp%gaﬁtpgp?(ﬁ)éd@%?iensoefﬁt i nvention, as
carbon di gxi d s fixation treat.nent can be continuously conducted, and as
wast e Con@}%‘ﬁiﬁ”ﬁ@”ﬁf‘é&“?‘hoﬁmb% iﬁ%‘ﬂ%ﬁast’rsgﬁ@i‘%ﬁfmﬁ?%‘gess, treat ment of

i ndustrial waste material can be conducted in parallel. Mreover, the

fi xated CaCO3 i[é)OWﬂdely present in the natural world as a primary
25ingredient in seashells and the like, and has little environnmental inpact
even if |eft aslnitbe protdssiad thehafofearentionddoeswaltesslottiadysis, oxygen gdsect rol ytic
process cause propagati on of phytopl ankton, fixation of carbon di oxi de gas

i's furg hegenpradsindretie ah&d¥59Hidé, antl g dideer 85sis @Endrived ah Siccdmitide AN elles eawat er
el ectrolysis, oxygen gas is bgenerated on the anode 9 side, and hydrogen

gas is gengs @lygen ?ﬁ’s afené i d1ee& %% asé SlppliddR PHLDEN @asis dRdpRerhydrogen
gas are supplied to a fuel cell That is one type of power-supply unit 12,

f
an exanpt oSt Shepunag SerfBOEE Het 8B nolbRBerdily 107 The car bonci oxi de

gas fixation tr@gggent process by control of the cathode current density
Dk. Electrol yti action is varied by varying the cathode current density

Dk,
Next, in reference to FIG. 3, an example of pH control of seawater is described

10  in the carbon dioxide gas fixation treatment process by control of the cathode current
density Dk. Electrolytic reaction is varied by varying the cathode current density Dk,
and electrolytic reaction is promoted by increasing the cathode current density Dk.
Therefore, it is possible to control pH on the anode 9 side and the cathode 11 side by
controlling the cathode current density Dk.

15 [0056]

First, the pH of the cathodic electrolyzed water 7b is set to 10-11, and Ca*" and
Mg2+ in the seawater are entirely precipitated by electrolysis. At this time, the pH of the
anodic el.ectrolyzed water 7a would seem to be on the order of 4-6. In order to increase
the dissolution speed of the alkaline components inputted thereafter, a portion of the

20  anodic electrolyzed water 7a that flows out from the outlet 6 is returned to the anode 9
side of the electrolytic treatment container 4, thereby reducing the pH of the anodic
electrolyzed water 7a as much as possible.

[0057]

With respect to the reduction of pH in the second treatment tank 3 by in-blown

o
ot

CO, for purposes of carbonate recovery, it is suppressed to 8.5-9.5, and carbonate is



‘and "el ectrolytic reaction is pronoted by increasing the cathode current
density Dk. Therefore, it is possible to control pH on the anode 9 side and
the cathode 11 side by controlling the cathode current density Dk. 15[ 0056]
First, the pH of the cathodic electrol yzed water 7b is set to 10-11, and
Ca2+ and Myg2+ in the seawater are entirely precipitated by electrolysis. At

this Ui Mereolfigedd Ofcdne AOdh brk BGHAObUARhIRIRL Wil thesfperm Lo be on

the order o n order t’o increase ssol ut1on spe he

al kal i ne conponent.s.inputted thereafter rt.ion.qf the 2Qanodic

ol ct r of ySEHRE 2 4 thsCiongdiaftint i Lo e e gl B3EMhed to the
anode 9 side of the electrolytic treatnent container 4, thereby reducing
the pH of aRPRexiEatsly iealicat ta i pHe theatime of infloyy, thegt Baisedt &f<.5 P00o57] Wth
respect to the reduction of pHin the second treatnment tank 3 by in-bl own
25C2 f or inputtipg $kesspropercamdvnnaf akalme wempynerits inite thewappdededlyte. 8. 5-9. 5, and
carbonate is 15 recovered as CaCO3. Here, in order for the pH of the m xed

wat er  r oThdréferd, ipHsin the &3t Whefe thaakodic alectréingedseaonth dndané o@nddit ank 3 at
the tine of discharge to be set approximately identical to the pH at the

time of i fkdRiyzeiReat@ I &e 'irﬁérﬁﬁﬁ'eé&c@m’ég §_-o5g,§,|y tﬂﬁ%gﬁén@& B gixBfGPSF anmount

of al kaline conponents into the anode el ectrol yte. 5Therefore, pHin the

vt or 7o SYROHRI R e 00 B b E WAl RN ARy bR SN BT n *or

carbonate can pe efficiently conducted while rel easi ng seawater w t hout
change t oPhYS¥aLPRPRFIESS properties. [0058] 10In the foregoi ng enbodi ment,
waste concrete is used as the neutralizer of the anodic el ectrolyzed water
7a, but any neul%Pa8l zer is acceptable provided that it is waste materi al
havi ng al kalinity, such as the coal ash produced in thernoelectric power
plantgd [ 0059] Inrth¢ feeregoinegabadjment) odsterohcredsusddens tied euitmabizey $if thei S
conduct ed whi le
anodic electrolyzed water 7a, but any neutralizer is acceptable provided that it is waste
material having alkalinity, such as the coal ash produced in thermoelectric power plants.
[0059]
In the foregoing embodiment, seawater electrolysis is conducted while
15  circulating seawater inside the electrolysis tank 1, but it is also acceptable to have a batch
system in which on-off valves are respectively provided in the inlet 5 and the outlet 6,
seawater electrolysis is conducted in a state where the inlet 5 and the outlet 6 are closed,
and the seawater inside the electrolysis tank 1 is replaced after electrolytic treatment.
[0060]
20 FIG. 4 and FIG. 5 show overviews of a carbon dioxide gas fixation apparatus
pertaining to an embodiment of the present invention.
[0061]
In FIG. 4, components identical to those shown in FIG. 1 are given the same

reference symbols. Moreover, in the embodiment shown in FIG. 4, a fuel cell 18 is

25  shown as the power source.



15ci‘'rcul ating seawater inside the electrolysis tank 1, but it is also
acceptable to have a batch systemin which on-off valves are respectively
provided in the inlet 5 and the outlet 6, seawater electrolysis is
conducted in a state where the inlet 5,and the outlet 6 are closed, and the
seawat er inside the electrolysis tank f is replaced after electrolytic
treatnent. [00 6ZO0FIG 4 and FIG 5 show overviews of a carbon di oxi de gas
fixation apparatus pertaining to an enbodi nent of the present invention.

[0061] In FIG onponents didentical to thaseshown in . Fl.G.1 are given the
same | ref erBifS BoRau< hyEs iR xR A B e ¢, s
fuel cell 18 is 25 shown as the power source. 6 .[ 0062 In this
appar at usYUOFAHS o ‘%?W@B?Wﬁhﬁée@fq)‘éﬂb é%‘()L‘HngSQ% eEther ecover s
hydrogen gas that is generated on the hydrogen recovery' device 14 side of
t he el ecteledtsadysss tankil, and wiigh whppdigs #up phei foe! gell li8pandhan dxygen gad 1ecary and an
oxygen gas recovery 5line 22 is provided which recovers oxygen gas that is

gener & edlims22 BeravidetbwRichiret®vek okgenedas chated yehesatddamkthd anaded yitlé ofithe
supplies it to the fuel cell 18. The hydrogen gas recovery' line 21 and the

oxygen gagefRAMNERMK 11 AR WRich 8§HeS (M6 khe MaV@1adsS fhe WyiRken ER&AeERHON
bl owers 23 and 24 to regulate the flow rate of the oxygen gas and the

hydr ogen r i f >ehd ) 0 -power
gener at edglg%s/‘z{%g&tp gg?y%egfg%iggg%%ﬁnlg?gtre I tl%gé‘%&z\%?l-&) 8’8%%?"@%@912, and
t he supply, of cu ated power is controlled so that a .prescribe at hode
current | dURSFEA RG4S g realig e o Fle bt gyéechieas BRGAE IBHEEER 8 ©af 1 ( he
anount of power_ generated by the fuel cell 18 are suppl enented by power

f r om phot ¢ svPRIicd D 8kiuchisslder at i on, wi nd power generation, or wave power
generation, or by power fromelectric

' 10 [0063]

The power generated by the fuel cell 18 accumulates in the power-supply unit
12, and the supply of accumulated power is controlled so that a prescribed cathode
current density Dk is attained in the cathode 11. Power shortfalls in the amount of
power generated by the fuel cell 18 are supplemented by power from photovoltaic power
15  generation, wind power generation, or wave power generation, or by power from electric
power plants.
[0064]
A seawater supply line 25, waste concrete tank 26 (equivalent to the first
treatment tank 2), and absorption tower 27 (equivalent to the second treatment tank 3) are
20  connected to the electrolysis tank 1, and an exhaust gas supply line 28 (equivalent to the
carbon dioxide gas blower 16) is connected to the absorption tower 27.
[0065]
Acidic water which is the anodic electrolyzed water 7a is supplied to the waste
concrete tank 26, waste concrete is inputted into the waste concrete tank 26, pH is

adjusted so that the water is weakly acidic, and the adjusted water is discharged.

o
ot



‘power plants. [0064] A seawater supply line 25, waste concrete tank 26
(equivalent to the first treatnment tank 2), and absorption tower 27
(equivalent to the second treatnent tank 3) are 20connected to the

el ectrolysis tank 1, and an exhaust gaggsupply line 28 (equivalent to the
carbon di oxi de gas bl ower 16) is connected to the absorption tower 27.

[ 0065] ﬁ@' j c water which is the anodic electrolyzed water 7a is
supplied to the waste concrete tank 26, waste concrete is inputted into the
waste concrete H. i adj yst.ed,s ter. |y

aci dic, and the‘&ﬁ(&}(ﬂ%f#@ﬁpmz‘r ﬁ?é& gﬁa‘il rd’yze‘i’?"afeég mﬂfrﬂ%ﬁ &eébﬁ\/at er
which is the cathodic el ectrolyzed water 7b contalnlnchaCCB and Mg(OH) 2 i s

suppl i ed ! MgtOHpdspynlist tq W@Psozmlorv@w& GasWests gay Hpmogsionnidusttialy)
pl ants such as thernoel ectric power plants and chem cal plants is

i nt r oduceplaitstsach asgheapsteciyid porwer pleats ad chemicatipliants anintrod@ed intohhes wast e
gas contains SOx and NOx. After renoval of the SOx and NOx in the
absor @ i oabsomueh téwer XX2 Th additippto €0,,tthis (WakrWas coritaihs SOR dN©gle After

electrolyte. The in-blown CQ2 is recovered as CaCO3 (see fornula (3)).
removal of the SOx and NOx in the absorption tower 27, CO, is supplied to (blown into)
the cathode electrolyte. The in-blown CO, is recovered as CaCOs (see formula (3)).
By blowing in CO,, the partially neutralized cathodic electfolyzed water 7b is discharged
from the absorption tower 27 as weakly alkaline water.
- 10 [0067]
After the weakly acidic water that has been discharged from the waste concrete
tank 26 and the weakly alkaline water that has been discharged from the absorption tower
27 are intermixed, discharge is conducted from the carbon dioxide gas fixation apparatus
into the ocean. The pH of the wastewater is adjusted by the intermixing of weak acidic
15  water and weakly alkaline water, with the result that the pH of the wastewater in the state
where it is finally released from the carbon dioxide gas fixation apparatus is identical to
the pH of seawater, and there is no impact on the environment.
[0068]
In FIG. 4, 31 indicates a pump which feeds seawater to tﬁe electroiysis tank 1,
26 32 indicates a pump which feeds the cathodic electrolyzed water 7b to the absorption
tower 27, 33 indicates épump that serves to discharge water from the waste coﬁcrete
tank 26, and 34 indicates a pump that serves to discharge water from the absorption
tower 27.

[0069]

25 The present invention can be implemented in a variety of apparatuses and plants



‘By blowing in CO2, the partially neutralized cathodic electrolyzed water 7b
is discharged fromthe absorption tower 27 as weakly al kaline water

10[ 0067] After the weakly acidic water that has been discharged fromthe
wast e concrete tank 26 and the weakly 3gkaline wat er that has been

di scharged fromthe absorption tower 27 are interm xed, discharge is
conduct ed - Hoxide I xat.i I -t he
ccean. - TR GRROUUEETT PG riE jh b GRERREERe prosent WlaREHIC

i di ¢ 15wat kly al ka] i ter, with th |t that the pH of
e wast oRPBIeT T CEHE e Serial B o icuprfl ey P aaEEEe s FRahiRar bor

di oxi de gas fixation apparatus is identical to the pH of seawater, and
there is & itapRRssiblsfotcnBdudh MaFipp Aayigatiqnowgkisut discharge of carberndipxide gas, 31
i ndi cates a punp which feeds seawater to the electrolysis tank I, 2032
i ndi cat esorawitlunquluedd dibchiaegedd catben dapidrigas. e lrethe caseyalate vt peseiib t o t he
absorption tower 27, 33 indicates a punp that serves to di scharge water

from the iasitnGoproveded ih aaskOater Rkt of DR WP RUMBidRctiepoiesg t o
di scharge water fromthe absorption tower 27. [0069] 25The present

I nvent i Ongl‘ﬁﬁ‘t[‘tﬂé%uinﬂ})i EENEe is dthn@cos@drl, Sind a@fth@&%ﬁﬁéw&?%ha%%ddi HafYeg is 18

t hat di scharge carbon di oxi de gas. For exanple, 1nthe case ere the

present ipvent] .S, ted .n._marine vessel s, as.carbon_di oxi de gas
o be. r el dbtefbslituter Bt SR lccacdb e bishiuE RS pool skl R e e
navi gati on_w t hout. di scharge of carbon di oxi de gas, or with reduced
di schar geSBF1eBSY 5dACTA36¢i de gas. In the case where the present 5invention
is provided in a wastewater system of cooling water of a thernoelectric
power plant, the punp 31 in FIG 4 is unnecessary, and as the cooling water
that is discharged is

10  Industrial Applicability

[0070]
According to the present invention, it is possible to provide a carbon dioxide gas
fixation method and a carbon dioxide gas fixation apparatus which fix carbon dioxide gas

with little impact on the environment, and no risk of re-release.

15
Reference Signs List
[0071]
1: electrolysis tank,
2: first treatment tank,
20 3: second treatment tank,

4: electrolytic treatment container,
5: inlet,

7: seawater,

7a: anodic electrolyzed water,

25 ~7b: cathodic electrolyzed water,



‘high in tenperature, electrolytic reaction is pronoted, and carbon dioxide
gas recovery efficiency is increased. 10l ndustrial Applicability [0070]
According to the present invention, it is possible to provide a carbon

di oxi de gas fixation nethod and a carbqg dioxide gas fixation apparatus

whi ch fix carbon dioxide gas with little inpact on the environnment, and no
ri sk of re-relegqﬁkﬁéﬁ- ef erence Signs List [0071] 1: electrolysis tank, 2:
first treatnent tank, E 3: second treatnment tank, 4: electrolytic treatnent
cont ai ner, 5: iglet 7: seawater, 7a: anodic el ectrol yzed
water, 257b: cattB8fle el ectrol yzed water, 8: barrier film

9a: anode-side region,
11: cathode,
5 11a: cathode-side region,

12; power-supply unit,
13: consumable electrode material,
14: hydrogen recovery device,
15: waste concrete input device,

10 16: carbon dioxide gés blower,
18: fuel cell,
21: hydrogen gas recovery line,
22: oxygen gas recovery line,
26: waste concrete tank,

15 27: absorption tower



‘9: anode, 9a: anode-si de region, 11: cathode, 511 a: cathode-side
region, 12: power-supply unit, 13: consumable el ectrode material, 14:

hydr ogen recovery devi ce, 15: waste concrete input device, 1016:
carbon di oxi de gas bl ower, 18: fuel cel}, 21: hydrogen gas recovery line,
22: oxygen gas recovery line, 26: wasté concrete tank, 1527: absorption
tower 20 CLAIMS 1. A carbon diexhggsgas fixation nethod conprising:

el ectrol yzi ng seawat er;

1. A carbbn dioxide gas fixation method comprising:
electrolyzing seawater,
5 separating anodic electrolyzed water and cathodic electrolyzed wafer produced
by electrolysis of the seawater;
inputting alkaline material into the anodic electroiyzed water to adjust pH;
blowing carbon dioxide gas into the cathodic electrolyzed water to fix the
carbon dioxide gas as carbonate; and
10 intermixing the anodic electrolyzed water after pH adjustment and the cathodic
electrolyzed water after carbonate fixation and discharging the intermixed water in a state

where a pH of the intermixed water is identical to a pH of the seawater.

2. The carbon dioxide gas fixation method according to claim 1, wherein the alkaline

15  material is waste concrete.

3. The carbon dioxide gas fixation method according to claim 1, wherein iron, which is |
a soluble metal, is used in an anode-side electrode to cause dissolution of ferric ions in
the anodic electrolyzed water in the seawater electrolysis process.'
20

4. A carbon dioxide gas fixation apparatus, comprising:

an electrolysis tank which has an anode and a cathode;

a barrier membrane which partitions an interior of the electrolysis tank into an
anode-side region containing the anode, and a cathode-side region containing the

25  cathode;



‘Gseparating anodic el ectrolyzed water and cathodic el ectrol yzed water
produced by el ectrolysis of the seawater; i nputting al kaline nmateri al
into the anodic electrolyzed water to adjust pH bl ow ng carbon di oxi de gas
into the cathodic electrolyzed water tg,fix the carbon di oxi de gas as
carbonate; and 10interm xing the anodi C el ectrolyzed water after pH

adj ust nent and i ro f 1.8 r Afhxation and
di scharging t he?i ?ﬁ% g?%?‘)%g{jﬁnmg@?hl sﬁérﬁ?%ﬁ)ﬂ%&lﬁ%rﬁ;feﬁeg %#4&3? &?ﬁ%&iﬂntthér m xed
water is identical to a pH of the seawater. 2. The carbon di oxi de gas
fixation ?H??ﬁé&j%a{%%%?’di ng to claim1, wherein the alkaline 15material is
waste concrete. 3. The carbon di oxi de gas fjxation nmethod according to
claim 1, wher ei hSacPRhireqieRhiank waIhisfQrey exthRdtiaflccaly Ml iPrafucsAdiie- si de
el ectrode to cause dissolution of ferric ions in the anodic electrolyzed
wat er in thheathedersitleregedrect r ol ysi s process. 20 4. A carbon di oxi de gas
fixation apparatus, conprising: an electrolysis tank which has an anode and
a cat hpde; a powersapplyamitwehibii suppliehpekermatiid diodaandtheicathede,or of the
el ectrolysis tank into an anode-si de regi on containing the anode, and a

cat hode- si de r eg ARalGRMhALRAINEpt ABViS GRAIdNAHRILs akdline materiaPintd th8 firdtr €at ment
tank which stores anodic el ectrol yzed water produced in the anode-side

regi on; treatmentia %ﬁgd treatment tank which stores cathodic el ectrolyzed
wat er pr odiced i A YRe" cat hode- si de regi on; 5a power-supply unit which

supplies power to fhe anode apd the, cathode; . _..an al kal.i ne terial
| Govh Co it DI HORGE e Bowise weiuos carhon ik bas 1S MeSEeahs ¢ ank.
and
treatment tank,
10 wherein wastewater from the first treatment tank and wastewater from the

second treatment tank are intermixed, and discharged.

5. The carbon dioxide gas fixation apparatus according to claim 4, wherein the
power-supply unit has at least one of photovoltaic cell, fuel cell, wind power generator,
15  wave power generator, ocean thermal energy generator, and solar thermal power

generator.
6. The carbon dioxide gas fixation apparatus according to claim 4, wherein the
power-supply unit contains a fuel cell which uses hydrogen gas generated on the

20  cathode-side region, and oxygen gas generated on the anode-side region.

7. The carbon dioxide gas fixation apparatus according to claim 4, wherein the alkaline

material inputted from the alkaline material input device is waste concrete.

8. The carbon dioxide gas fixation apparatus according to claim 4, wherein the anode
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‘a carbon di oxi de gas bl ower which bl ows carbon di oxide gas into the second
treatnment tank, 1Owherein wastewater fromthe first treatnent tank and
wast ewater fromthe second treatnment tank are interm xed, and di scharged.
5. The carbon dioxide gas fixation appgsatus according to claim4, wherein
the power-supply unit has at |east one of photovoltaic cell, fuel cell,

wi nd POVeL, BEREHE] L camURNFIeRRNELSFAE IR BnsuRSTERCEPEIMRLORR Flc
generator, and sol ar ermal "power generator. . e carbon” di oxi de gas
fixation aRFaratus according to claim4, wherein the power-supply unit
contai ns ®™uel cell which uses hydrogen gas generated on the

20cat hode-si de regi on, and oxygen gas generated on the anode-si de region.
7. The carbon di oxide gas fixation apparatus according to claim4, wherein
the al kaline material inputted fromthe al kaline material input device is
waste concrete. 22 contains iron as a consumabl e el ectrode, and the
consumabl e el ectrode di ssolves ferric ions. '



