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MAGNESIUM RECOVERY METHOD AND MAGNESIUM RECOVERY

APPARATUS

Technical Field

[0001]

The present invention relates to a method and apparatus for recovering
magnesium from seawater by electrolysis of seawater.

Priority is claimed on Japanese Patent Application No. 2010-203353, filed

September 10, 2010, the content of which is incorporated herein by reference.

Background Art

[0002]

In recent years, high specific strength magnesium has garnered attention as a
next-generation structural material, and its demand is expected to increase hereafter.
However, magnesium, which is primarily refined from the mineral, is unevenly
distributed in limited geographical areas, and it would be desirable to establish
procurement methods apart from importation of magnesium in order to secure stable
supply in the future.

[0003]

As is well known, magnesium exists as a mineral, and is also contained in

seawater. Accordingly, if magnesium could be recovered from seawater, it would

greatly contribute to stable supply of magnesium. On the other hand, when recovering
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iseawat er. Accordingly, if magnesium could be recovered from seawater, it
woul d 25greatly contribute to stable supply of magnesium On the ot her

hand, when recovering 2 large quantities of magnesium from seawater, there
is the possibility of inpacting the envronment, such as by changing

seawat er conposition. Accordingly, nmagnesiumrecovery from seawater nust be
conducted wi thout inpact on the environnent. [0004] 5Patent Docunent 1

shows an j Eﬁg&om%’éoﬁ &lﬁlﬁrﬁoﬂbgeam cfﬁl%é&f%ssmggggs%wam hitfedRs, and

magnesi um Seawat er, "Pat ent ument 2 shows a met hod in

Bkl i p“a"&lrﬁ@%?%&?tﬁcﬁ%s?zch%ﬁ st %L% éﬁrﬂgrsiﬁ%erA%P [Sha5 T BRsSHEL (L oreq as
precipitate. tation List Pate %} nt. [ 0005] Pat ent Docunent
1: Japanef§60‘t9ﬁ>é 9 SYavaea My eﬁ?ﬁﬁﬁ“& VERoutpMpagt Opﬁ‘Eﬁ SVIONBIRMING.  S51- 77586

15Pat ent Docunent 2: Japanese Unexam ned Pat ent Application, First
Publ i cati on No.[08047- 167786 Summary of |nvention Techni cal Pr obl em 20[ 0006]
In light of the pertinent circunstances, the present invention offers a
magnesi um r ecovieitant mbmdmandwmgm@éamlys'smﬂefoy obfajmgfresh waterc bhlarine
capabl e of recovering magnesi um from seawat er w t hout inposing burdens on
the envi r &RN&H magnesium hydroxide from seawater, and Patent Document 2 shows a method

in which pH of deep seawater is electrolyzed, or pH is raised by addition of alkali, and

hydroxides such as Mg and Ca are precipitated, and recovered as precipitate.

10  Citation List
Patent Document
[0005]
Patent Document 1: Japanese Unexamined Patent Application, First Publication
No. S51-77586
15 Patent Document 2: Japanese Unexamined Patent Application, First Publication

No. 2007-167786

Summary of Invention
Technical Problem
20 [0006]
In light of the pertinent circumstances, the present invention offers a magnesium
recovery method and magnesium recovery apparatus which are capable of recovering

magnesium from seawater without imposing burdens on the environment.

Solution to Problem

o
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3 [ 0007] The present invention pertains to a nmagnesi umrecovery
nmet hod i ncluding: electrolyzing seawater; separating anodic electrolyzed
wat er and cathodic el ectrolyzed water produced by el ectrolysis of the
seawater; inputting alkaline material ifto the anodic 5el ectrolyzed water
to adjust pH, precipitating nagnesi um as nmagnesi um hydroxi de in the
cathodic electrolyzed water, and recovering the magnesi um hydr oxi de; and
i nterm xi ng thqgﬁggdic el ectrolyzed water after pH adjustnent and the
cathodic el ectr ed water after recovery of the nagnesiunlhydroxide and

di scharging the.interm xed water in a state.where a th nt erm xed
water 19 i dent B ESRLTSERAE Rerans b aduEes i Fogyap ehod et Cs "o ace,

the al kaline material may be waste concrete. Iron, which is a soluble
metal , nmeSledlyrrgisqanaieRcsepgiatre gadic dedilyzsdevaly ‘apd gawodicskstrabiedh of
ferric ions in the anodic electrolyzed water in the seawater el ectrolysis
process. Wwa©oOpjoda&idrbyaaetitiolysis, oftthesqawateinputting atkakire metetial int the anodic
magnesi um recovery apparatus, including: an electrolysis tank having an
anode mndelactfolyAedaeiterao Bajukt H; prédipiatinic Gaghaditiintds @ignadiumtydroxide ifthd he

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

cat hode- Séa‘@l?ocﬁ@&b&Fbl%'at\@dté}‘ Bl feBSveFiRk iRORagisiubl %dréilﬁétdﬁﬁ%teﬁﬁ&h Whi ch

stores anodic el ectrolyzed wat er produced |n t he anode-side region; a
second tr atne di | ectr d wat.er_.produced
Cn the colhanRdt cRE At b B GR é}fﬂﬁ-tﬁ ¢ G B ler Lo e
anode and t he cat hode; an alkalk(g nﬁ% 43\ ut devi ce. whi ch i.nputs

al kal i ne EFGOXFIYQ theymagnesuym pydraxi igchar ag.&bedn&egew W‘%r\?f‘ whi ch
recovers magnesi um hydroxide precipitated in the second treat ment tank, in
whi ch wasstaigarhsre 4 pdraftheaintermaxed twagestisrislenticah fka pHO iResscawatesr from t he

second 25 treatnent tank are interm xed, and discharged in a state where a
pH ofi1dt he interi@0@gd 4 water is identi cal to a pH of seawater. [0010]

In this case, the alkaline material may be waste concrete.  Iron, which is a
soluble metal, may be used in the anode-side electrode to cause dissolution of ferric ions
in the anodic electrolyzed water in the seawater electrolysis process.

[0009]

15 In addition, the present invention pertains to a magnesium recovery apparatus,
including; an electrolysis tank having an anode and a cathode; a barrier film 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

20 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 to the first treatment tank; and a
recovery unit which recovers magnesium hydroxide precipitated in the second treatment
tank, in which wastewater from the first treatment tank and wastewater from the second

25  treatment tank are intermixed, and discharged in a state where a pH of the intermixed



In this case, the power-supply unit may have at | east one photovoltaic
cell, fuel cell, wind power generator, wave power generator, ocean thermal
power generator, or 5solar thernmal power generator. The power-supply unit
may contain a fuel cell which uses hydrpgen gas generated on the

cat hode-si de region, and oxygen gas generated on the anode-side region. The
al kaline material inputted fromthe al kaline material input device nay be

wast e CO“&&@P%ldlﬂkﬁﬂﬁr séﬂ% egnode may contain iron as a consunable

el ectrode e cons e e ectrode may di ssolve ferric ions. 10
Advant ageous Efogr&f Inventlon [ 0011] According to the nagnesium
recovery nethod he present invention, seawater is electrolyzed, anodic

el ectrol yzed wat er. and cat hodi c el ectr ol yzed wat er produced by 15t he

el ectrol ysis ofI"stEﬁ\féé%etheé}Oé"eﬁéWéP@& may hay¢ ?Héa%‘rﬁﬂ%P‘i'CéPVql@lq ¢tHutiebd into
the anodic el ectrolyzed water to adjust pH, magnesiumis precipitated as
magnesi uneehly simdapaierigenerhior, ovavispower génscaton becagdheratabpowerrgdneratosyvasr ed, and
the anodic el ectrolyzed water after pH adjustment and the cathodic

el ect rol yadat thatred palvéregensragne SThepdysrsappldamitanoyeryain b dudl Rt Wiiched, and
di scharged with a pHidentical to that of seawater. Consequently, 20

accor di NQuded hiMOg@ g&%hem&u%tth@&thm%@étegmncm &@ygwe@é/@ern%&té‘dr&%e
seawat er w t hout i rrpact on the environment.

magnes! u oﬁg Q&' ¥ g t h?ﬁ’e f(al r[%%n@éﬁ%ﬁﬁ@*ﬂeﬁ\fﬁ)% {h%%’lkahtng ik é{?‘ga? \?d?glneuts?ng

concom tantly "per rmtre rral waste
wast e con%a,ete 25 s t he al ka |nf 0013] In .the nmagnesi um

recovery NRUFJH2OPC PARC FOMEEft ﬁ‘PPE?nthevﬂ'?@ﬂ [y FntangFen as a

consumable electrode, and the consumable electrode may dissolve ferric ions.
10
Advantageous Effects of Invention
[0011]
According to the magnesium recovery method of the present invention, seawater
is electrolyzed, anodic electrolyzed water and cathodic electrolyzed water produced by
15  the electrolysis of seawater are separated, alkaline material is inputted into the anodic
electrolyzed water to adjust pH, magnesium is precipitated as magnesium hydroxide in
the cathodic electrolyzed water, and recovered, and the anodic electrolyzed water after
pH adjustment and the cathodic electrolyzed water after magnesium hydroxide recovery
are intermixed, and discharged with a pH identical to that of seawater. Consequently,
20 according to the present invention, magnesium can be recovered from s¢awater without
impact on the environment.
[0012]
In the magnesium recovery method of the present invention, it is possible to
concomitantly perform treatment of industrial waste products when using waste concrete

25  as the alkaline material.



which is a soluble netal, in the anode-side electrode, ferric ions are

di ssolved in the anodic electrolyzed water in the seawater electrolysis
process, and ferric ions that are a 5nutrient of phytopl ankton are supplied
into the ocean. As a result, propagatiog of phytopl ankton is pronoted,
achieving fixation of carbon dioxide gas by phytopl ankton. [0014]

According to the nmagnesi umrecovery apparatus of the present invention,
‘there is providgﬂ'acﬂ el ectrolysis tank which has an anode and a cat hode; a
barrier nmenbran 1 ich partitions the interior of the electrolysis tank

into an anode-sj regi on containing the.anode, and a cathode:si.de region
contai ni ng the %&Fﬁg@%{le%}l@ fyegyery rné%]f‘?fg?ﬁt%? BRRCTAR YaRUQR.o¥ReD USgHTQn.

el ectrol yzed water produced in the anode-side region; a second treatnent

t ank whi cWhighds @ solable msdalcinghe anadstsydeeiediroder fepicogne &g dissolvpdinctie hode- si de
regi on; a power-supply unit which supplies power to the anode and the

cat hode; anodal dedtiohgzed Svatartie theadeawatouelectentyieprohess haridnferrtcsiond that araa
material into the first treatnent tank; and a recovery unit which recovers

magnesj Unhiityighitfipl§toplaAkioRiatdupplibdintdtheREANd AY LREUE Profaghdion 41 Whi ch by
interm xing wastewater fromthe first treatnent tank and wastewater from

the Sec"”@g&,@@%ﬁ@“&; r{isrér%t’ed"‘fcﬁ?e%y{’{&tﬁ{atiioﬁ o@'k@?@ﬁﬁ%ﬁﬁie ok 'B¥ ﬁﬁgcg‘ﬂfaﬂﬁ%.i cal to

that of s equent i's possible to recove esium from
seawat er vvithou@% i npact on the environnent. [0015] In the

magnesi um r ecov |Qy pparatus of the present invention, when the

power -supply unit has at | east one photovoltaic cell, fuel cell, w nd power
generator, waveSPRAReNe 4@ ks MagmesudEeHY SRR ARG Pgasi inyeation, herg o) ar
thermal power generator, 25it is possible to recover nmagnesi um w thout

i ppact onlStﬂl‘i@’lg@'diiaﬁ clenwolysis tak[witicls has an anode and a hathoday adsitiemmeathoarer y
apparatus of the present invention, when the power-supply unit contains a
fuel pel | whithgartithas tHeyidlesigeof thaslegolgsiatadt io dnhdmodatidodgici cdtainingd oxygen
gas generated on the anode side, a portion of the power expended in

Sseawat er i18laa6dd, Qhd & cathbfe-8881dYidS&Rdifing BRVGAHIRIde 24 st fr@dnfehStank which
Consequent |y, energy
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
15  material input device which inputs alkaline material into the first treatment tank; and a
recovéry unit which recovers magnesium hydroxide precipitated in the second treatment
tank, in which by intermixing wastewater from the first treatment tank and wastewater
from the second treatment tank, wastewater is discharged with a pH identical to that of
seawater. Consequently, it is possible to recover magnesium from seawater without
20 impact on the environment.
[0015]
In the magnesium recovery apparatus of the present invention, when the
power-supply unit has at least one photovoltaic cell, fuel cell, wind power generator,

wave power generator, ocean thermal power generator, or solar thermal power generator,

25 it is possible to recover magnesium without impact on the environment.



conservation is achieved. [0017] In the magnesiumrecovery apparatus of the
present invention, when the alkaline nmaterial inputted fromthe al kaline
material input device is waste concrete, treatnent of 10 waste concrete
which is an industrial waste product cagp be concomtantly perfornmed. [0018]
In the magnesi um recovery apparatus of the present invention, when the
anode includes iron as a consumabl e el ectrode, the consunmabl e el ectrode

di ssol ves ferriﬁmﬁgﬂs, t hereby supplying ferric ions, which are a nutrient
of phytopl ankton, Into the ocean. As 15a result, the excellent effects are

obt ai ned t hat agation of phytoplankton .is pronote and fixation of

car bon di oxi deplz?gge gBWIBﬁcgfﬁéyc?ﬁp?@b“égﬁfmggeng\?'?'gqqi%eggfi? thei on of

Drawi ngs [0019] 20FIG 1 is a schematic view of an enbodi ment of the present
i nvent i onpower-supplypng, coptains afugl e whiph vies Smdipser gasasaeratadrancthe catbodd ty and
the precipitation ratio of CaCO8 and My(OH) 2 in the enbodi nent. FI G
3 is a bl 9dk adil agygem gehigeherathdws thesdnede side apartior of thetphwererpsdiderkint of t he
present invention. 25FIG 4 is a schematic bl ock di agram whi ch shows the
magness umeaary eleytrolysig ipapast wsed of scavapirbRdirol k. oCohdkquaitBsettrgy nventi on.

Descri ption of Enbodi nents
conservation is achieved.
[0017]
In the magnesium recovery apparatus of the present invention, when the alkaline
material inputted from the alkaline material input device is waste concrete, treatment of
10  waste concrete which is an industrial waste product can be concomitantly performed.
[0018]
In the magnesium recovery apparatus of the present invention, when the anode
includes iron as a consumable electrode, the consumable electrode dissolves ferric ions,
thereby supplying ferric ions, which are a nutrient of phytoplankton, into the ocean. As

15  aresult, 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
[0019]
20 FIG. 1 is a schematic view of an embodiment of the present invention.
FIG. 2 is a graph which shows cathode current density and the precipitation ratio
of CaCOs; and Mg(OH), in the embodiment.
FIG. 3 is a block diagram which shows material balance in the embodiment of
the present invention.

25 FIG. 4 1s a schematic block diagram which shows the magnesium recovery



| 0020] S5Enbodi ments of the present invention are described below wth
reference to drawi ngs. [0021] First, the principles of an enbodi nent of the
present invention are described in FIG 1. 10[0022] In FIG1, 1
indicates an electrolysis tank, 2 indicates a first treatnment tank, and 3

i ndi cates a second treatnment tank. [0023] The electrolysis tank 1 has an
electrolytic treatnent container 4 nmade of 15corrosion-resistant materi al
such as st ainles ste%l di anq g e electrol lti c treatment container 4 has an
inlet 5 atPPAFUS PSR CERA IR OLHE PRRCBLTYET 8 at the downstream end.
Seawater 7, which flows in fromthe inlet 5 runs uniformy through the
interior of the electrolytic treatnent container 4, and is discharged from
the outlet 6. [0024] 20Various nethods may be adopted as a nethod of

f ormi ng tPRescription of Embhediswatsat er 7. For exanple, the electrolytic treatnent
container 4 may be subnmerged in water to utilize ocean current, and have
the seawater 7 [0020] t hrough the interior of the electrolytic treatnent
container 4; or a screwor the like nay be provided in the inlet 5 to

creat e wat er f | ohE¥inleRtsaIriiOprefing inveA®M Y deschBt®beloRwithRfGemaber 7 may
‘be taken in by 25a punp or the like, and supplied to the inlet 5. 8
drawings.
[0021]
First, the principles of an embodiment of the present invention are described in
FIG. 1.

10 [0022]

In FIG. 1, 1 indicates an electrolysis tank, 2 indicates a first treatment tank, and
3 indicates a second treatment tank.

[0023]

The electrolysis tank 1 has an electrolytic treatment container 4 made of

15  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
electrolytic treatment container 4, and is discharged from the outlet 6.

[0024]

20 Various methods may be adopted as a method of forming the flow of the
seawater 7. For example, the electrolytic treatment container 4 may be submerged in
water to utilize ocean current, and have the seawater 7 ﬂow'through the interior of the
electrolytic treatment container 4; or a screw or the like may be provided in the inlet 5 to

create water flow by rotating this screw by a motor; or the seawater 7 may be taken in by

25  apump or the like, and supplied to the inlet 5.



[ 0025] A barrier nmenbrane 8 is provided inside the electrolytic
treatnment container 4 in the flow direction of the seawater. The barrier
menbrane 8 partitions the interior of the electrolytic treatnent container
4 intw, with the result that a flow the seawater 7 5separated by the
barrier nmenbrane 8 is forned inside the electrolytic treatnent container 4.
[ 0026] The barrier nmenbrane 8 uses a material and structure through
whi ch electric $M§§ nt passes and which prevent or inhibit interm xture of
the separated streans. For 1Oexanple, one may use ungl azed plates intile

formlaid out iRp,rows, or porous sheets or the |ike. made of syntheti.c
resin. [0027] I‘gbf'lﬂéer mgpr egg qrﬂgﬁfcf]péﬁieél?e (g?ct{qiglceqr@&l?r&c&ggga@e{ &4t nent
container 4 is partitioned by the barrier nenbrane 8, various formats are
concei vabthe floyedireesion of thesgawatgr, Jhetbarries meamhranesd partitiopsathe interinriofghe and
concentric partitioning, but the following is a description of the case
wher e t heeleettdytioireatmenttontlires drio two,i with theatsuitrthatcaoiidvabfithe sdawaerverti cal |y
partitioned by the barrier nenbrane 8. [0028] A positive el ectrode (anode)

9 is [ ovidperial BNe bheicH fieaibravil d is FormclGasial tHelfect OB R AN Conthingat ment
container 4, a negative electrode (cathode) 11 is provided along the | ower

~wal |l surfgce, and the anode 9 and the cathode 11 are respectively connected
to a positive pole and negative pole of a power-supply unit 12.
Accordingly, anapgde-side region 9a and cathode-side region |la are forned
Wi thin the el ecgro tic treatnent container 4 by partitioning of the

interior of the_.electrolytjc treatment contajner 4 the 25 barrier
nmenbr ane 8. The barrier mgmbrane 8 uses a material and structure t?%ough which electric

current passes and which prevent or inhibit intermixture of the separated streams. For
10  example, one may use unglazed plates in tile form laid out in rows, or porous sheets or
the like made of synthetic resin.
[0027]
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
15  partitioning, lateral partitioning, and concentric partitioning, but the following is a
description of the case where the interibr of the electrolytic treatment container 4 is
vertically partitioned by the barrier membrane 8.
[0028]
A positive electrode (anode) 9 is provided along the upper wall surface of the
20  electrolytic treatment container 4, a negative electrode (cathode) 11 is provided along the
lower wall surface, and the anode 9 and the cathode 11 are respectively connected to a
positive pole and negative pole of a power-supply unit 12.  Accordingly, an anode-side
region 9a and cathode-side region 11a are formed within the electrolytic treatment
container 4 by partitioning of the interior of the electrolytic treatment container 4 by the

25  barrier membrane 8.



‘9 [0029] The power source of the power-supply unit 12 is optional, but a
power supply source utilizing natural energy such as photovoltaic power
generation, w nd power generation, wave power generation, ocean thermal
power generation, and solar thermal powpr generation, or a fuel cell which
has harm ess em ssions are preferable. A conposite device conposed of two
or nore power sources such as photovoltaic power generation, w nd power
generation, wavgy r generation, ocean thernmal power generation, solar

t hermal power generation, and a fuel cell may al so be used. Furthernore, in

10acoeptabl o ol i1gdoREERt R WelTuL ST Tl S BRYChuck AVer shgpiy o "nCae

9, an anode is *sed in %Fich a solubl e tal is inputted as,a consumabl e
el ect r odeSMEECHTRIEMRYTAL quergyyeh a3 PRABYEGHNVET SERERH I & 1d BVige
container) of reticular or porous plates of an insoluble netal such as
ti t ani um SANEEAIONSWRNedToae gereraison edad thermal pesergsnenatien|aad sblecthenua
material 13. Not only is iron easy to obtain as waste material, but the

ferri @ i opsvdrigaherdiics o 4dud @eN evhich hugthaimlessSenfiiodiony 00 pafdrale. oA
phyt opl ankton. As a result, phytoplankton is propagated by supplying ferric

ions to t@gnsavaéate cafsbse@bPAIb 6H MtedRWRRSoUrEsULIPEs PotBVBYERJoMKE On can
al so be anticipated. [0031] 20The cat hode 11 uses platinized titanium or

o hods® 15 ReHBROIER ToREPUETF R W Be Sl e faHLESlnti KbELD! LY OF 11E

cat hode 13°6r opposite t ofle 117 rogen recovery device 14
recovers hydrogen ga enerated on t.he cathode 11 side. Seawater (anodic
el ectrol y%%'ar P’estogafgl)‘gmgl’o‘?’?r&%er? ?%L?Qﬁ a&wg cﬁlifﬂfé{ Ostiecﬂssegnode- si de
region 9a) is directed to the first treatnent tank 2, and seawater

(cat hodi chutheemets; /B cass\wdicss pPawsr is Rerplied &iggn amelecih power Rlatthibdsealsal si de

(cat'hode-side region 1la) is directed to 10
10  acceptable to utilize nighttime surplus power.

[0030]

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

15  the inputted consumable electrode material 13. Not only is iron easy to obtain as waste
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 anticipated.

[0031]

20 The cathode 11 uses platinized titanium or the like. A hydrogen recovery
device 14 is provided in the vicinity of the cathode 11 or opposite the cathode 11, and the
hydrogen recovery device 14 recovers hydrogen gas generated on the cathode 11 side.
Seawater (anodic electrolyzed water 7a) that flows through the anode 9 side (anode-side
region 9a) is directed to the first treatment tank 2, and seawater (cathodic electrolyzed

25  water 7b) that flows through the cathode 11 side (cathode-side region 11a) is directed to



't he -second treatnent tank 3. [0032] The first treatnent tank 2 has a
wast e concrete input device 15, and concrete that is waste material is
inputted into the first treatnent tank 2 by the waste concrete input
Sdevice 15. The inputted waste concretg,is preferably pulverized with a

| arge surface area, and renoval of aggregate such as sand, rocks and the
like is nore preferable. [0033] Hydrogen gas recovered in the seawater 7 is

supplied@l séeohf { agent of the fuel cell to the second treatnent tank
5rS 2

3. Precipi I's deposited in the 10 second treatnment tank 3, and
t he deposited I\@ﬁ 2 is recovered. The anodic electrolyzed water 7a that
flows out from irst treatnent tank 2 and the cathodic el ectrol yzed
water 7b that flows out fromthe second treatnent tank 3 are interni xed,
and di schar ged ths finsetrept@ant tank 2 hassdiyvasie penerete fnpyHdevieroBy pnd saneecte ghat at i ons
of the present enbodi nent are descri bed bel ow. [0035] El ectrol ysis
of seawatiswasteonatsridlyis sppitsd imtp the [firstgeeatmatniveemin 2t hyetha maste cOnera inpig cat hode
11 to cause energi zati on between the anode 9 and cathode 11, and it is

pri mars | ydévire Irseadthiemsutell wabe coftrevis ggférﬁ’élf,ﬂphﬁfériﬁéd)wﬁlﬁldlz(r@ sdrfi@e occur on

the cathode 11 side. 20[0036] H20+ 1/202 + 2C -> 20H (1) 2HZ0 + 2C -> 20H
+ H2(2) [é}gé):zdhd removal of aggregate such as sand, rocks and the like is more preferabie.
[0033]
Hydrogen gas recovered in the seawater 7 is supplied as a reducing agent of the
fuel cell to the second treatment tank 3.  Precipitated Mg(OH), is deposited in the
10  second treatment tank 3, and the deposited Mg(OH), is recovered. The anodic
electrolyzed water 7a that flows out from the first treatment tank 2 and the cathodic
electrolyzed water 7b that flows out from the second treatment tank 3 are intermixed, and
discharged to the ocean after adjustment of pH.
[0034]
15 The operations of the present embodiment are described below.
[0035]
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.

20 [0036]
L0 + 120, + 2™ — 20H (1)
2H,0 + 2~ — 20H + H, )
[0037]

Accordingly, the pH of seawater on the cathode side (cathodic electrolyzed

25  water 7b) increases due to generation of OH™ (hydroxy ions), producing CaCOs and



‘Accordi ngly, the pH of seawater on the cathode side (cathodic electrolyzed
25 water 7b) increases due to generation of OFF (hydroxy ions), producing
CaC®B and 11 Mg(OH)2, as shown in FIG 2. In addition, when
current-carrying volunme per unit area qf the cathode 11 is considered as
cat hode current density Dk (A/nR), the cathode current density Dk and the
precipitation ratio of CaCO3 and Mg(OH) 2 are as shown in FIG 2. That is,

when the %{cmﬂea CHEWRTA FRENSS t Yin B diiBRN WRGESurrchilBarBiRE VBlutndtpePinik at i 0 of
5My(OH) 2 I|ﬁ crea’sess, and a satura?ed clon’di tion ensuer?rvmth resﬁpect to

precipitatio . : i t i Dk
xcoeds 2B AT BanddifeER AindEufafRkRANDERITD ndeRRbdy
precipitation of My radual |y increases.-u t hode .current
density DUt Gengity )"‘.ng Eﬂﬂ\éﬂ{qnf?t“w?@%@t)? 8’?‘* &%@Oﬁ%@f‘éa% FOYD Bur r ent
density Dk, it beconmes possible to control the precipitation rati o of CaCG03
and 10  MEIGH}2, Tleat is, avhea teeceathase pupertdepsitabk incacases. SiepTrgipitatopaatio gH3g)
Therefore, by conducting electrolysis with cathode current density Dk set

hi gh 5 t helig(OH), ihytreasesdind hisagradéeatndiiopsinsuasfwitemepeceto precipitatamade curr ent
density Dk of 2 [A/ n2] or higher in accordance with FIG2 - it is

possi bl e {e(hAEYSt RfoirtfwHREcAMKTR! datreat denbigy DR ebde@kR 2A/MmY030tecipitation The
cat hodic efectrolyzed water 7b is stored in the second treatment tank 3 in

gegs)z)git te em&%@%ﬁ@%?@ ?rre gs%t? %‘ﬁk}ete@ﬁgn%nm@r@ (?ﬁsez p%%(g%lflg iiré\%%agéi) 1§p i.roc'?:\ac overed
Stanat or CRBEE TR @abURREE 1o don ChRE Mty e ponciling e RARBETEC 0% e,
and hydrogen gas is generated on the cathqode 11 sjde. The nerat e
hydr ogen @aEent éenséz&%rté’écwsmvémh%? sotFel tecRreeipifation fatie 0?&*‘89?13" s
supplied to the fuel 25cell as a reducing agent in the case where a fuel
cel | i uske@H), bhe sploeryels prpipjtater{faCQ2and Mg(OH),.
[0038]
Therefore, by conducting electrolysis with cathode current density Dk set high —
that is, by conducting electrolysis of seawater at a cathode current density Dk of 2 [A/m’]
or higher in accordance with FIG. 2 — it is possible to have most of the precipitate be
15 Mg(OH),.
[0039]
The cathodic electrolyzed water 7b is stored in the second treatment tank 3 in a
state where Mg(OH), has precipitated. The precipitated Mg(OH), is deposited in the
second treatment tank 3, and the precipitate is recovered by a precipitate recovery means
20 16.
[0040]
In the aforementioned seawater electrolysis process, oxygen gas is generated on
the anode 9 side, and hydrogen gas is generated on the cathode 11 side. The generated

hydrogen gas is recovered by the hydrogen recovery device 14, and is supplied to the fuel

cell as a reducing agent in the case where a fuel cell is used in the power-supply unit 12.

o
[%}]



12 [‘0041] Next, in the case where iron is used as the consumabl e el ectrode
material 13 on the anode 9 side, the follow ng reactions occur, dissolving
the iron. Furthernore, ferrous hydroxide occurs and H+ i s produced by
hydrol ysis of ferric-ions, thereby 5l oywring the pH of seawater on the
anode 9 side (anodic electrolyzed water 7a). [0042] Fe -> Fe2+ + 2e-(3)
Fe2+ + 2H20 -> Fe(OH)2 + 2H+(4) [0043] 10The anodic el ectrolyzed water 7a
whi ch flows int &pe first treatnment tank 2 is turned acidic by 2H+. Wen
waste concrete @8a OH)2) is inputted into the first treatnent tank 2 t he

aci di c seawat er neutrali ed by t e concr rdin

fol | owi ng for mJN?ﬁ '@z}bj@—ﬁsﬁw e‘i"l—ﬁ‘ynlﬁ @rs © SppymEss© g ei@?r@@glmate%a P br OnI n the
case where an insoluble nmetal is used in the anode 9, or when seawater

el ect r ol ydiegnods Tedel e fodlowingrepgtifins @aeur edissolang meyronc hiFgrthersost2 i s
generated, and HC1 and HClO are generated in conjunction with the

gener at i ofmoﬁs ydroxide oedts arsl Bt isgmoducedby diydrolyarschfdsrriel@is, therebyhar nf ul
substance to living creatures, electrolysis is conducted 20 at a current

densi tyy taering M 6f Ganaicabh it ModEIChidRTanddwR EeétfolyAa WiteroR).. However, as
stated above, waste concrete (Ca(OH)2) is inputted into the anodic

el ectrolyzed vva{toggzﬁa whereby the HCL is neutralized by the reaction of:
[ 0045]

Fe — Fe*" +2¢” 3)

Fe?* +2H,0 - Fe(OH), + 2H"  (4)

[0043]

10 The anodic electrolyzed water 7a which flows into the first treatment tank 2 is
turned acidic by 2H".  When waste concrete (Ca(OH),) is inputted into the first
treatment tank 2, the acidic seawater is neutralized by the waste concrete according to the
following formula.

Ca(OH), +2H" > Ca™" +2H,0  (5)

15 [0044]

In the case where an insoluble metal is used in the anode 9, or when seawater
electrolysis is conducted at a high current density, chlorine Cl; is generated, and HCl and
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, electrolysis is conducted

20  ata current density that inhibits generation of HCl and HCIO to the utmost. However,
as stated above, waste concrete (Ca(OH),) is inputted into the anodic electrolyzed water
7a, whereby the HCI is neutralized by the reaction of:

[0045]

Ca(OH), + HCl — CaCl; + 2H,0O (6)



Ca(OH) 2 + HC1 -> CaCl2 + 2H20(6) 13 [0046] The seawater that has been
neutralized and treated in the first treatnent tank 2 is then interm xed
with the seawater discharged fromthe second treatnment tank 3, and rel eased
into the ocean. In this case, the pH of,qt he seawater after interm xture is
5adjusted to 8. 0 - that is, to a pHidentical to that of seawater - by
controlling the anobunt of concrete to be dissolved in the anodic

el ectrol yzed 6fa and the amount of carbon di oxide gas to be blown into
the cathodic electrolyzed water 7b. [0047] Therefore, according to the

present invention, as recovery of C e, 10cont i nuousl y. conduct ed,
and as waste Coﬁy{,%e@ga{egﬁ@iﬁ#@ﬁﬂpﬁ%&ﬁ%ﬁ@%ﬁeﬁ;%%%ﬁfﬁ HF?)tglfé‘gt,a“?Qéﬁt nent
of industrial waste material can be conducted in parallel. Furthernore, as
t he seawathen interarixgdwith dhagayater dsehargeddzer dhasespndviggatipnt taeks3.andH
identical to that of natural seawater, there is no environnental inpact. As
t he ferrirldaseibint thsobeand ilmthihease) the pHaifythé scapnatee efer in®uBixtwedapagat i on of
phyt opl ankt on, fixation of carbon dioxide gas is 15also pronoted. [0048] As

st at ecs abgyjasted 1 8. lne- haeMabeIpleiRatiEM ty BlaboNe@w R~ bYXYaesllif@thel sndimner at ed
on the anode 9 side, and hydrogen gas is generated on the cathode 11 side.

In the cagecoftftctobeldifbivedlin tHeSnbdie GldcitolyiEd RAMETa SMPIk Mt oflArbdnhe
oxygen gas and the hydrogen 20gas are supplied to the fuel cell, serving as
fuel for i3\fde g%se Poel;eatglio\%ﬂ into the cathodic electrolyzed water 7b.

[0047]

Therefore, according to the present invention, as recovery of Mg(OH), can be

10  continuously conducted, and as waste concrete is used in the fixation treatment process,
treatment of industrial waste material can be conducted in parallel. Furthermore, as the
seawater that is discharged after recovery of Mg(OH); has a pH identical to that of
natural seawater, there is no environmental impact. As the ferric ions dissolved in the
electrolytic process cause propagation of phytoplankton, fixation of carbon dioxide gas is

15  also promoted.

[0048]

As stated above, in the seawater electrolysis process, oxygen gas is generated on
the anode 9 side, and hydrogen gas is generated on the cathode 11 side. In the case
where a fuel cell is used in the power-supply unit 12, the oxygen gas and the hydrogen

20 gas are supplied to the fuel cell, serving as fuel for power generation.

[0049]

Next, an example of material balance in the foregoing embodiment is described
with reference to FIG. 3. In FIG 3, components identical to those shown in FIG. 1 are

given the same reference symbols.

25 [0050]



- 0049] Next, an exanple of material balance in the foregoing
enbodi nent is described with reference to FIG 3. In FIG 3, conponents
identical to those shown in FIG 1 are given the sanme reference synbols.

25[ 0050] 14 El ectrolytic reactijgn is varied by varying the cathode
current density Dk, and electrolytic reactl on is pronoted by increasing the
cat hode current denS| ty Dk. Therefore, is possible to control pH on the

orocess by com FSHIE ﬁefjo@«a%avg By r@%aé:ﬁéﬁwn%ﬁﬁfesswwm d
10-11
garzit and %ﬁg%l?tﬁc eﬁguos?egﬁg(fné? g%{gﬁe[oals € %ﬁlgg{eﬁugg g S%@Eect r ol ys?g At

this time, the pH of the anodlc el ectrolyzed water 7a is on the order of
3-4. In of brgel % itis Rassatle feeaniiol pHom thearaded sde and thecathode Hesidainribele
current density Dk is set to 2 [A/n2] or higher. 10[0052] Recovery
of the MMEHPE)1iceevenntregsment process by comtralhieg thecathvde ceaentdansitydPk 3 is t hen
conducted. The pH of the cathodic electrolyzed water 7b that flows out from
the serond treafooent tank 3 is set to 10-11. Waste concrete is inputted
into the first treatnment tank 2, and the pH of the anodic electrolyzed
water 7a that fFl?SWSth@?H SfiREthRic éléctf‘él&zsetd \K/it@lafHTE@Et tBQlelzal'l(F%g”dlaH&ted to

4-5. The pH of the ouffl ow ng anodlceectro yzed water 7a’Is but one

exanpl e, o+ oned cr
adjusted s l{rﬁnﬁe L%% ergi:m%ﬁ'@el? e\/\fpgtrall d e?t%ct)lt e &W@ﬁ%lme Q"\ﬁg%gf h?a and
t he cat hodi c electrol zed ter 7b arel tt|n the_pH of the
di scharge@%@lﬁmw\é V@tﬁ\%ds gn the orlerof, e y for%ﬁ(t uE'aWC ¥t 8hduct ed
whil e di scharlgI ng_wast ewat er wit hout 200hang| ng the yS| cal properties of
t he seanaMeOMhcdbrignthyithe cathadesurrentrdgnsifpsis sshtath snVor bighent . [0053] By
refining the recovered MJ(OH) 2, magnesi um netal can be produced.

10 [0052]

Recovery of the Mg(OH), that has precipitatéd in the second treatment tank 3 is
then conducted. The pH of the cathodic electrolyzed water 7b that flows out from the
second treatment tank 3 is set to 10-11.  Waste concrete is inputted into the first
treatment tank 2, and the pH of the anodic electrolyzed water 7a that flows out from the

15  first treatment tank 2 is adjusted to 4-5. The pH of the outflowing anodic electrolyzed
water 7a is but one example, and the input amount of the aforementioned waste concrete
is adjusted so that pH is 8. 0-8. 2 when the anodic electrolyzed water 7a and the cathodic
electrolyzed water 7b are intermixed. By setting the pH of the discharged wastewater to
8. 0-8. 2, recovery of Mg(OH); can be conducted while discharging wastewater without

20  changing the physical properties of the seawater. Accordingly, there is no impact on the
environment.

[0053]

By refining the recovered Mg(OH),, magnesium metal can be produced.

[0054]

25 In the foregoing embodiment, waste concrete is used as the neutralizer of the



{1 0054] 25In the foregoing enbodi nent, waste concrete is used as the
neutralizer of the 15 anodic electrolyzed water 7a, but any. neutralizer is
acceptabl e provided that it is waste material having alkalinity, such as
the coal ash produced in thernoel ectrigspower plants. [0055] In the

f oregoi ng enbodi nent, seawater electrolysis is conducted while 5circul ating
seawater inside the electrolysis tank 1, but it is also acceptable to have

a batch %ﬁgﬁ%@&%ﬁ&&&%&%@fﬁmw HEiraiz8: i @é&s%lewﬁbv]dea &»étfi%dwwet he

inlet 5 and the outlet 6, seawater electrolysis is conducted in a state

where the ht@h L ag l’%r}iqkéhi%ﬁ%,%ﬂ&ll §§ th? cgﬁleds gpoftﬁg?d @r{ﬂer%rlb%le%ﬁ@r'ﬁoﬁf 88@%} | de the

el ectrol ysrs l"ace ter atne 10FI G
enbodi ment of A esent Tnvent Lﬁ°°[v86%7?pf’ﬁr FI G 4" conponent s i dent cal
to those shown in FIG 1 are given the sane reference synbols Mor eover, in
t he enbodi nent BRPregeime anbodiment, sqawatar eleetolysis iScaucied 3dilehe power
source. [0058]
5  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.
[0056]
10 FIG. 4 shows an overview of a Mg(OH); recovery apparatus pertaining to an
embodiment of the present invention.
10057]
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
15  shown as the power source.
[0058]
In this apparatus, a hydrogen gas recovery line 21 is provided which recovers
hydrogen gas that is generated on the hydrogen recovery device 14 side of the
electrolysis tank 1, and which supplies it to the fuel cell 18, and an oxygen gas recovery
20 line 22 is provided which recovers oxygen gas that is generated on the anode 9 side of the
electrolysis tank 1, and which supplies it to the fuel cell 18. The hydrogen gas recovery
line 21 and the oxygen gas recovery line 22 respectively have gas flow-rate regulation
blowers 23 and 24 to regulate the flow rate of the oxygen gas and the hydrogen gas that

are supplied to the fuel cell 18.

25 [0059]



In this apparatus, a hydrogen gas recovery line 21 is provided which
recovers hydrogen gas that is generated on the hydrogen recovery device 14
side of the electrolysis tank 1, and which supplies it to the fuel cell 18,
and an oxygen gas recovery 20line 22 iggprovided which recovers oxygen gas
that is generated on the anode 9 side o? the electrolysis tank 1, and which
supplies it to the fuel cell 18. The hydrogen gas recovery line 21 and the

oxygen gas I ecomgiower Senctateld BFRRCMENEIN DRYGm AR ih B Jollef st LA | On

bl owers 23 and 24 to regu low rate o e oxyden gas and the

hydr ogen p)g%n(ﬁ E'%ts%]ﬁéel? 023?&"5“@&8% go&/aﬁls fc&?tl‘olﬁeﬁ!{sh éﬁ%g \éc?s@:gggdg%atho]d@ The pover

gener at ed unul ates i supply unit 12, and
t he supply of accumyl ated poyer is copntrolled so t a prescribed cat hode
Curr ent et oty D s eaherd th S ReteeLe ndwet shorbaip EELERGIURTS | n tne
anount of power generated by the fuel cell 18 are suppl enented by power

f r om phot RAMSIr 2ancrated kg theafug I} are AuppAgmented e poyarr{egra phetevolérc peWd power
generation, or by power fromelectric power plants. [0060] A
seawatser ganprakipn| wind pdSier gensedtion, crowavegioavdr @oheratfon; erby palveanfrorh electre i r st
treatment tank 2), and a recovery tank 27 (equivalent to the second

t r eat mentpdvadilplahts. ar e 10connected to the electrolysis tank 1. [0061]
Acidic water which is the anodic electrolyzed water 7a is supplied to the

waste concrete @g&ﬁ 26, waste concrete is inputted into the waste concrete
tank 26, pHis Justed so that the water is weakly acidic, and the

adj usted water s _discharged. [ 006 Al i ne ter ich is the
cathodic el ect raRIUIE Y s 3 oh vk cnneriig ey S b DS ubR o st e
recovery tank 27. The (OH) 2 that has precipitated in the recovery tank 27
i s recovelredmentiank e anda savey 8kt T (§AYy algnifaties seepnd teatmentfankdk e ) fr om

whi ch Mg(OH) 2 has been renoved is discharged fromthe recovery tank 27.
20[ 00BB] connected to the electrolysis tank 1.

[0061]

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.

15 [0062]

Alkaline water which is the cathodic electrolyzed water 7b containing Mg(OH),
is supplied to the recovery tank 27. The Mg(OH), that has precipitated in the recovery
tank 27 is recovered, and the cathodic electrolyzed water 7b (alkaline water) from which
Mg(OH), has been removed is discharged from the recovery tank 27.

20 [0063]

After the acidic water that has been discharged from the waste concrete tank 26
and the alkaline water that has been discharged from the recovery tank 27 are intermixed,
discharge is conducted from the recovery apparatus into the ocean. The pH of the
wastewater is adjusted by the intermixing of acidic water and alkaline water, with the

25  result that the pH of the wastewater in a state where it is finally released from the



‘After the acidic water that has been discharged fromthe waste concrete
tank 26 and the al kaline water that has been discharged fromthe recovery
tank 27 are interm xed, discharge is conducted fromthe recovery apparatus
into the ocean. The pH of the wastewatgr is adjusted by the intermxing of
acidic water and al kaline water, wth the 25result that the pH of the
wastewater in a state where it is finally released fromthe 17 recovery

ani r ot P s e et SEQUARE ML Al e Rel} 6EPICL 7 o

the electrolysis tank 1, 5 32 indicates a punp which feeds the cathodic
el ectrol ﬁ'éfﬁ%%??'étr 7b to the recovery tank 27, 33 indicates a punp that
serves to discharge water fromthe waste concrete tank 26, and 34 indicates
a punp that ser[\()@g‘llto di scharge water fromthe recovery tank 27. Industri al
Applicability 10[ 0065] According to the present invention, it is
possi bl e to prduillé. 4 Jtagdiestesiapump ovhech/fendst lwadatanth the nleginelssisitankdcover y
apparatus whi ch enabl e recovery of magnesium from seawater while m nim zing

i mpacts o7 fgicary hipanipphich IRBe iiRI@MeEicII D]zt s alP 06 8) there@vesttank ysSi s
tank, 2: first treatment tank, 3: second treatment tank, 204: electrolytic
treat menty£8RG4iBREs a pump that serves to discharge water from the waste concrete tank 26,

and 34 indicates a pump that serves to discharge water from the recovery tank 27.

Industrial Applicability
10 [0065]
According to the present invention, it is possible to provide a magnesium
recovery method and a magnesium recovery apparatus which enable recovery of

magnesium from seawater while minimizing impact on the environment.

15  Reference Signs List
[0066]
1: electrolysis tank,
2: first treatment tank,
3: second treatment tank,
20 4: electrolytic treatment container,
5: inlet,
7: seawater,
7a: anodic electrolyzed water,
7b: cathodic electrolyzed water,

25 8: barrier film,



5: i.nlet, 7: seawater, 7a: anodic electrolyzed water, 7b: cathodic

el ectrolyzed water, 258: barrier film 9: anode, 9a: anode-side region
11: cathode, 11 a: cathode-side region, 512: power-supply unit,

13: consunabl e el ectrode material, 14: .hydrogen recovery device, 15: waste
concrete input device, 16: "carbon di oxi de gas bl ower, 1018:
fuel cell, 21: hydrogen gas recovery line, 22: oxygen gas recovery line,
26: waste concgpgﬁb&pnk,

9a: anode-side region,
11: cathode,
11a: cathode-side region,
5 12: power-supply unit,

13: consumable electrode material,
14: hydrogen recovery device,
15: waste concrete input device,
16: carbon dioxide gas blower,

10 18: fuel cell,
21: hydrogen gas recovery line,
22: oxygen gas recovery line,
26: waste concrete tank,
27: recovery tank

15



27: recovery tank 15 19 CLAIMS 1. A magnesi umrecovery nethod conpri sing:
el ectrol yzi ng seawat er; 5separating anodic el ectrol yzed water and cat hodic
el ectrolyzed water produced by electrolysis of the seawater; i nputting
al kaline material into the anodic el ectgolyzed water to adjust pH;
precipitating nmagnesi um as nagne5|un1hydrOX|de in the cathodic electrolyzed
wat er, and recovering the magnesi um hydroxi de; and 10i nterm xi ng the anodic
electrolyzed wat er after pH adj ust nggt g@ d the cathodic electrolyzed water
after recovery of the magnesium hydr oxi and di schargi ng the interm xed
water in a state where a pH of the interm xed water is identical to a pH of
the seawater. 152. The magnesiumrecovery nethod according to claiml,
wherein the alkaline material is waste .concrete. 3. The magnesi um
recovery ket AdRpeaedemdroyenometad RMPTIHASr ein iron, which is a sol uble
metal, is used in the anode-side electrode to cause dissolution of ferric

i ons in t he 20aglectiadyzhgsdamateyzed water in the seawater electrolysis
process. 4. A magnhesi um recovery apparatus, conprising: an electrolysis

tank having an spedengatbdic elaéthsigad water and cathodicaeldvtrolyized whatdr prowfuiced
partitions an interior of the electrolysis tank into an 25anode-si de region

cont ai ni ngy Ellg@(r(ﬂpgggfth@@ga\,@at@@t hode- si de regi on containing the
inputting alkaline material into the anodic electrolyzed water to adjust pH;
precipitating magnesium as magnesium hydroxide in the cathodic electrolyzed
water, and recovering the magnesium hydroxide; and
10 intermixing the anodic electrolyzed water after pH adjustment and the cathodic
electrolyzed water after recovery of the magnesium hydroxide, and discharging the
intermixed water in a state where a pH of the intermixed water is identical to a pH of the

seawater.

15 2. The magnesium recovery method according to claim 1, wherein the alkaline material

is waste concrete.

3. The magnesium recovery method according to claim 1, wherein iron, which is a
soluble metal, is used in the anode-side electrode to cause dissolution of ferric ions in the

20 anodic electrolyzed water in the seawater electrolysis process.

4. A magnesium recovery apparatus, comprising:
an electrolysis tank having an anode and a cathode;
a barrier film which partitions an interior of the electrolysis tank into an

anode-side region containing the anode, and a cathode-side region containing the

o
(%1}



20 cat hode; a first treatnent tank which stores anodic electrol yzed
wat er produced in the anode-side region; a second treatnent tank
whi ch stores cathodic el ectrolyzed water produced in 5the cathode-side
regi on; a power-supply unit which sypplies power to the anode and the
cat hode; an al kaline material input device which inputs alkaline materi al
to the first treatnent tank; and a recovery unit which recovers
magnesi um hyd.0xi de precipitated in the second 10 treatment tank

wherein wastewater fromthe first treatnment tank and wastewater fromthe

of the i nt or m xbaaruRee ST FRAICHEGRTGET A Fodig g™ © © P

magnesi um recovery apparatus according to claim4, wherein the power-supply
unit has 3MOUFSHTYHAR of photovoltaic cell, fuel cell, wind power

generator, wave power generator, ocean thermal power generator, and sol ar

t hermal power gestspad beatment @nk Whishrsigeesithodic dedvadyzedapgienproduceddor di ng
to claim4, wherein the power-supply 20unit contains a fuel cell which uses
hydrogen gesatedsside esie) t he cat hode-si de regi on, and oxygen gas generated
on the anode-side region. 7. The nagnesiumrecovery apparatus according to

claim 4, wherei ipdl&-sab unteyHTBh glfjpgks i%_éw&tté% drlo@Eahd theRuthdlit,ne materi al

i nput device is waste concrete. he magnesi um recovery appar at us

according to cl 'élkzﬂine"}{@ﬁér?z%lrfn@?gg@?g glcg;ﬁgé@% Ql%afirgeolﬂal%ﬁal.a}o?l?éqﬁﬂ{rab e

el ectrode, and e consumabl e VEes ferric ions.
treatment tank; and

a recovery unit which recovers magnesium hydroxide precipitated in the second
10  treatment tank,
wherein wastewater from the first treatment tank and wastewater from the
second treatment tank are intermixed, and discharged in a state where a pH of the

intermixed water is identical to a pH of seawater.

15 5. The magnesium recovery apparatus according to claim 4, wherein the power-supply
unit has at least one of photovoltaic cell, fuel cell, wind power generator, wave power

generator, ocean thermal power generator, and solar thermal power generator.

6. The magnesium recovery apparatus according to claim 4, wherein the power-supply
20  unit contains a fuel cell which uses hydrogen gas generated on the cathode-side region,

and oxygen gas generated on the anode-side region.

7. The magnesium recovery apparatus according to claim 4, wherein the alkaline

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

o
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8. The magnesium recovery apparatus according to claim 4, wherein the anode contains

iron as a consumable electrode, and the consumable electrode dissolves ferric ions.



