DESCRIPTION ELECTRODEIONIZATION APPARATUS TECHNICAL
FIELD [0001] The present invention relates to an electrodeionization
apparatus, and more particularly to an electrodeionization apparatus that
allows preventing scale damage in desalination chambers.
BACKGROUND ART [0002] EBlestrrdeibnization apparatuses such as the
electrodeionization apparatus 1 shown in Fig. 4 are conventionally used
for producing deiohizatirater Ilhatlig AB2dNn Appistdnce, semiconductor
manufacturing plants, liquid crystal manufacturing plants, and in various
industries such as the pharmaceutical, foodstuff and power industries, as
well as in consumer and research facilities (Patent documents 1 to 3) .
Such an electrodeionizatiorf Epparates 1Fddmprises concentrating
chambers 15 and desalination chambers 16 formed alternately by
altevdatéely arranging a plurality of anion exchange membranes (A
membranes) 13 and cation exchange membranes (C membranes) 14
belween efsqrvdes{andhbee e Bdafode B2 flascodeeRamberdzion
and a cathode chamber 18) . The desalination chambers 16 are filled with
apPagipaHidN SeRaligétand alckiionxERai§e Cofmiing’ # et fistarde; dh
ion exchange resin, ion exchange fibers or a graft exchanger, in a mixed
appqﬁqﬁgﬁmﬁkﬁéd§%ﬁéﬁfﬂﬂﬁﬁﬁenting scale damage 1n desalination

chambers.

BACKGROUND ART

[0002]

Electrodeionization apparatusés such as the
electrodeionization apparatus 1 shown in Fig. 4 are conventionally
used for producing deionized water that is used in, for instance,
semiconductor manufacturing plants, liquid crystal manufacturing
plants, and in variocus industries such as the pharmaceutical,
foodstuff and power industries, as well as in consumer and research
facilities (Patent documents 1 to 3). Such an electrodeionization
apparatus 1 comprises concentrating chambers 15 and desalination
chambers 16 formed alternately by alternately arranging a plurality
of anion exchange membranes (A membranes) 13 and cation exchange
membranes (Cmembranes) 14 betweenelectrodes (anancde 11, a cathode
12, an anode chamber 17 and a cathode chamber 18). The desalination
chambers 16 are filled with an anion exchanger and a cation exchanger
comprising, for instance, an ion exchange resin, ion exchange fibers

cr a graft exchanger, in a mixed or multilayered state.



Water dissociation in the electrodeionization apparatus gives rise to H+
ions and OH__ions that regenerate continuously the ion exchangers that
fill the desalination chambers, thereby enabling an efficient desalination
treatment. Herein there is required no regeneration process using
chemicelg, as is the case in conventional ion exchangers that have been
widely used heretofore. Such electrodeionization apparatuses elicit thus
thelsuperioi effecti of pravidingHight purity wéateo thiat cahdre aghpainetus gives
completely continuous manner. [0004] When using directly tap water,
riseobtaingd byssbiectingivér veatehgrouadeateradrehedike itowharificatiohe ion
dechlorination and softening treatments in a water treatment plant, as the
exclvater te beméatedlih elbetrddeiahizatibnapparatises sor whendhy watebling
to be treated has a high calcium concentration, (1) scale forms
an gfthbconcentiatitgchanioers, dnd{2)betondaciityofthetreatietl Wwatei red no
deteriorates on account of increased C02 load. Therefore, such waters
regepe hot processebdifaety a8 Wataritodestrasictsit relettrogdipmizatiimt ional
apparatuses. [0005] Among the above problems, the increased CO2 load
ion (2xedr beesclvad by Usiitralkoriparaivaly inss@eénbivesietaficnation
apparatus as a pre-treatment apparatus of the electrodeionization
e leghbafatlisn TeadreventoPRafcH OF Scalblif e EBHEerthRtirf ERdmBErsStect
as in (1), there are methods that involve removing completely hard 2

of pEGHpEREH rErTHE WdtErte berrbhtdd CHy pr6viding alkefedes completely

continuous manner.

{00G4]

When using directly tap water, obtained by subjecting river
water, groundwater or the like to clarification, dechlorination
and softening treatments in a water treatment plant, as the water
to be treated in electrodeiconization apparatuses, cor when the water
to be treated has a high calcium concentration, {1) scale forms
inthecencentratingchambers, and (2) theconductivityof thetreated
water deteriorates on account of increased C0O; load. Therefore, such
waters are not processed directly as water to be treated in
electrodeionization apparatuses.

[0005]

Among the above problems, the increased CO; load (2} can be
sclvedbyusing a comparatively inexpensive decarbonation apparatus
as a pre-treatment apparatus of the electrodeionization apparatus.
To prevent formation of scale in the concentrating chambers, as

in (1), there are methods that involve removing completely hard



or the like before the electrodeionization apparatus. A softener, however,
has to be regenerated. This nullifies the advantages of using an
electrodeionization apparatus, which does not require regeneration.
[0006] To solve the above problem, known methods involve disposing a

compeNersesOFnesiStRembiane device:(ROsnembyang device) @sray a softener
pre-treatment apparatus of the electrodeionization apparatus, with a view

or tioeraducingdife eanceatratien of baed camnpanents apghHO2+ AN ordnafibener,
employed method resorts to arranging two RO membrane devices in

howeseties, i partticular whgn ke hardicomponent: Icohteatratior irthewateres of
to be treated is high. [0007] Methods have been proposed (Patent

us indoaumerits dtandis) tnwhichithe egreemrating chambjersiddsofrapt require
electrodeionization apparatus 10 are partitioned by bipolar membranes

rege2G; astshiown in Fig. 4, to prevent thereby calcium ions (Ca 2+) and
carbonate ions (C032-) frommeeting and giving rise to a scale component
in t& 86ncentrating chamber 15. This allows omitting the RO membrane
device that had been necessary as a pre-treatment apparatus of the -
el8ctreddivgiZationzdpperarisclt: ERquipfiert costs @t piatess tosis sears ing
be reduced accordingly. Patent document 1: Japanese Patent No.

a reyFgu3C FARSHIJeEENt e JapdAcse PREEAING P7B2096 VRaReht 25 2
document 3: Japanese Patent No. 2699256 3 Patent document 4:

prejﬁﬁﬁ@@@§¢%@9ﬁqﬁﬁM&ﬁ@ﬁEﬁ@ﬁ%ﬁ@ﬂg@ﬁ61onlzatlonapparatus,with

a view to reducing the concentration of hard components and CO;.
An ordinarily employed method rescrts to arranging two RO membrane
devices in series, in particular when the hard component
concentration in the water to be treated is high.

[0007]

Methods have been propesed {Patent documents 4 and 5) in which
the concentrating chambers 15 of a electrcdelonization apparatus
10 are partitioned by bipolar membranes 20, as shown in Fig. 4,
to prevent thereby calcium ions (Ca®") and carbonate ions (CO3%7)
fromn@etingandgivingrisetx:ascalecomponent:ultheconcentrating
chamber 15. This allows omitting the RO membrane device that had
been necessary as a pre-treatment apparatus of the
electrodeionization apparatus 10. Equipment costs and process costs
can be reduced accordingly.

Patent document 1: Japanese Patent No. 1782943

Patent document 2: Japanese Patent No. 2751090

Patent document 3: Japanese Patent No. 2699256



2001-198577 Patent document 5: Japanese Patent Application Laid-open
No. 2002-186973 DISCLOSURE OF THE INVENTION PROBLEM TO
BE SOLVED BY THE INVENTION [0008] When feeding water treated
with a single RO membrane into the electrodeionization apparatus in the
metheds dessHbedir Ratent (docsurents:-4 andhp,howener o Aydeoxide pen No.
scale may form at locations of large anion exchanger ratio having
2 00 cenyaegatively high pH in the desalination chambers of the
electrodeionization apparatus, when the hard component concentration in
the e taigo durtktiates orrwbhendbe fardegompppentcconcentiation-Hspen No.
very high. This gives rise to precipitation of insoluble components such as
200magesidm hydroxide, and makes a stable operation impossible, among
other problems. [0009] A high hard component concentration in the raw
water makes it nece$say/a6 [pravidé thvrRONWENMDEANe devices before
the electrodeionization apparatus. This is problematic in terms of, for
instance, thekdssotEited idghier eglifieRycosi Bndgreater phwer
consumption by the high-pressure pumps that drive the RO membrane
deV¢@88[0010] There is thus a need for an electrodeionization apparatus

that 4 can operate stably with a pre-treatment of just a single RO
ménpBrafeeding water treated with a single RO membrane into the

electrodeicnizaticon apparatus in the methods described in Patent
documents 4 and 5, however, hydroxide scale may form at lcocations
of large anion exchanger ratio having comparatively high pH in the
desalination chambers of the electrodeicnization apparatus, when
the hard component concentration in the raw water fluctuates or
when the hard component concentration is very high. This gives rise
to precipitation cof insocluble components such as magnesium
hydroxide, and makes & stable operation impossible, among other
problems.

[0008]

A high hard component cconcentration in the raw water makes
it necessary to provide two RO membrane devices before the
electrodeionizatiocn apparatus. This is prcoblematic in terms of,
for instance, the associated higher equipment cost and greater power
consumption by the high-pressure pumps that drive the RO membrane
devices.

[0010]

There is thus a need for an electrodeionization apparatus that



device, even under conditions of extremely high hard component
concentration in the water to be treated. [0011] In the light of the above, it
is an object of the present invention to provide an electrodeionization
apparatus that can operate stably for long periods of time while
can preveatiagsscala fownation i coneentraling-chambers and desaliratioamprane
chambers. MEANS FOR SOLVING THE PROBLEM [0012] In order to
devsol/e theabovedqarpblems) ithe qresent inventiane provideg:ahard component
electrodeionization apparatus having a cathode and an anode, and
condmvingaaliernately formedatherebeiwieenicongenttating chambers and
desalination chambers by alternately arranging a plurality of anion
ex¢li@&ides membranes and cation exchange membranes, each of the
concentrating chambers being provided with a bipolar membrane to
paftitibheHe. mtériof ohthalvoneentrating chambet it Acathoterdiderardtion
an anode side, wherein each of the desalination chambers is divided into
to pariehdetwo e, indadipgiafiist dayeppndat gecbhd tagen fiograie stably
upstream side in a direction of flow of water to be treated, and is filled
for withan ishréssharger téamprding anraitige ekéhangerakrl & eafigrion in
exchanger, the ion exchanger filling the first layer comprises no less than
Con@HVelG bFtite ehAEI eXeharigercand thephieirhahgBPfllisg the second

layer comprises over 50vol% to 80vol% of the anion exchanger (Invention
1). 5 [0013] MEANS FOR SOLVING THE PROBLEM

[C012]

In order to solve the above problems, the present invention
provides an electrodeionization apparatus having a cathode and an
ancde, and having alternately formed therebetween concentrating
chambers and desalination chambers by alternately arranging a
pluralityof anionexchange memnbranes and cation exchange membranes,
each of the concentrating chambers being provided with a bipolar
membrane to partition the interior of the concentrating chamber
intoacathode side andananode side, whereineachof thedesalination
chambers is divided inteo at least two layers, including a first
layer and a second layver, from an upstream side in a direction of
flow of water to be treated, and is filled with an ion exchanger -
comprising an anion exchanger and a cation exchanger, the ion
exchanger filling the first layer comprises no less than 50vol%
of the cation exchanger, and the ion exchanger filling the second
layer comprises over 50vol% to 80vol% of the anion exchanger

(Inventicn 1}).



According to the above invention (Invention 1), the ion exchanger that fills

the first layer of the desalination chambers comprises no less than

50vol%of cation exchanger. This facilitates movement and selective

removal of divalent cations such as calcium ions (Ca2+) and magnesium

ionsO(dg2+) in the water to be treated. Also, the exchanger filling the

second layer comprises over 50vol% to 80vol% of the anion exchanger,

which:facilitates movéraeaband: removat obhicafonate: ions (HG03-hén ion

the water to be treated and of hydroxide ions (OH-) generated in the
excluiesghnatidre thamblesstthrolighr svates dissoefatiore Iagrarticular formatienbers

of hydroxide scale can be prevented, without raising the pH of the water
compy beeteatetle by filling Wwilly alcatidhaichiion excHangee theTlrstslaieel tbates

which the water to be treated is infused first. [0014] Also, the present
movémARticNsraddes Ah etecBOdIa R ZaticH wpbaratusidving £eathcde apdcium

an anode, and having alternately formed therebetween concentrating
ionghéfibels and desalirationt chaRtbef¥®y hlteindtBly aRasginga Praratgated.

of anion exchange membranes and cation exchange membranes, each of
Als¢he Concentiaiing cehimbers Beild prvided Wit albipell menbraigfo°0vols

artition the interior of the concentrating chamber into a cathode side and

to fﬁi’w"‘éﬁ%d@‘%i&@,ﬁ\/\/ﬁ@?&ﬁ cHERTGINE BesHliiationt éramBértis Hitiaga ntd and

at least three layers, including a first layer, a second layer and a third
remegiet, fonk ARAiTRERART st h d Wirdetion Bf fibw BRlatert BE thedtadsd and

and is filled with an ion exchanger com ri,singC(IS1 an anion exchanger and

of %3ﬁﬁ9§*€ﬁaﬁéﬁﬁ%h§¥6ﬁeﬁ%ﬁﬁﬁﬁ%Fﬂ nbn e desalination chambers

through water dissociation. In particular, formation of hydroxide
scale can be prevented, without réising the pH of the water to be
treated, by fillingwithacation-richionexchanger the first layer,
into which the water to be treated is infused first.

[0014]

Also, the present invention provides an electrodeionization
apparatus having a cathode and an anode, and having alternately
formed therebetween concentrating chambers and desalination
chambers by alternately arranging a plurality of anion exchange
membranes and cation exchange membranes, each of the concentrating
chambers being provided with a bipolar membrane to partition the
interior of the concentrating chamber into a cathode side and an
anode side, wherein each cof the desalinaticon chambers is divided
into at least three layers, including a first layer, a second layer
and & third layer, from an upstream side in a direction of flow

of water tobe treated, andis filledwith an ion exchanger comprising



the first layer and third layer comprises no less than 50vol% of the cation
exchanger, and the ion exchanger filling the second layer comprises over
50vol% to 80volo of the anion exchanger (Invention 2). [0015] According
to the above invention (Invention 2), divalent cations such as calcium ions
an a8AdMagnesinkions th theawater tox brdrepted miovei andearersatectively11ing
removed in the first layer of the desalination chambers, while anions such
the aSibiearbonade iensi andirytroxigenonsare teraeved in thessehand fHyesls of
of the desalination chambers. As a result, this allows preventing formation
the oha scalesoflcalciem, carkbnate imagnesium dydroxideiorghenkkedn tnel layer
desalination chambers, and enables movement and removal of
compmor®alenegatidnzdiéich astsodidrh iohstingherthivd layeriofither (Invention
desalination chambers. The electrodeionization apparatus can operate
2) . stably as a result over long periods of time, while improving the quality of
the deionized water obtained in the desalination chambers. [0016] The
abolé Iventions (Inventions 1 and 2) allow processing water to be
treated in which the total hard component concentration is 0. 5 mg/L or
hidkes & s Glecdibianrbarbenarvearicentration v@nvertionZ3), [CDIG Lent
Ordinarily, the total hard component content of water to be 7 treated that
catieggpplieehtothedidciodeidnizaticn dppam@igsisum ions in the water To

be treated move and are selectively removed in the first layer of
the desalination chambers, while anions such as bicarbonate ions
and hydroxide ions are removed in the second layer of thedesalination
chambers. As a result, this allows preventing formatiocon cof a scale
of calcium carbonate, magnesium hydroxide or the like in the
desalination chambers, and enables movement and removal of
monovalent cations such as sodium ions in the third layer of the
desalination chambers. The electrodeionization apparatus can
operate stably as a result over long periods of time, while improving
the quality of the deionized water obtained in the desalination
chambers.

[0016]

The above inventiocns (Inventions 1 and 2) allow processing
water to be treated in which the total hard component concentration
is 0.5 mg/L or higher in terms of calcium carbonate concentration
{Invention 3).

[0017]

Ordinarily, the total hard component content of water to be



adjusted to less than 0. 5 mg/L by providing a single reverse osmosis
membrane device, as a pre-treatment apparatus, upstream of the
electrodeionization apparatus, to prevent thereby scale formation in the
electrodeionization apparatus. A further reverse osmosis membrane

t redlayvice: must be provisiedashen thedotal bard-dersinndententof ibe suatenis is
to be treated supplied to the electrodeionization apparatus is 0.5 mg/L or

ad i ugher tActerdingiaihe . abnue inkention vimdentiens3)n diewewer weaterdoosis
be treated can be processed without providing a further reverse osmosis

membmemdrare device zeven whentthe agqoedity: obtheavaten to berrgatedm of the
deteriorates or when the total hard component concentration in the water

eleqd bededated isextrensalpshighuf0018] hrthesaliove dmanticnsale formation
(Inventions 1 to 3), the water to be treated has preferably a pH adjusted

in 1b%.5beiowardinventioat 4pnWirarathetphs is Righuaikatinepy)grse osmosis
insoluble components such as magnesium hydroxide precipitate at

menportiendet highvolinterato véicafion echargérinsidB ane gesatinhtopentent
chambers. This may preclude the electrodeionization apparatus from

of Yperatirifstably. Ha Suehaditveraed Uadeitort A HOWRF Sfofhatér df 1 on
hydroxide scale such as magnesium hydroxide scale in the ‘ ,-

app fadtrsddisniZafioRd ApparatsCiiibe REeeHAy Bréveitad BY procedsiifpt ton
water to be treated having a pH adjusted beforehand to 6.5 or lower.

(InY6919r Thihe QSO iRVerlibR_{IRGSRENETIR5 2Y he Biobiar AicRBrand thout

8 is preferably Erovided in the concentrating chambers in such a manner
providing a further reverse osmosis mémbrane device, even when the

guality of the water to be treated deteriorates or when the total
hard component concentration in the water to be treated 1s extremely
high.

[C01ig]

In the above inventions {(Inventions 1 to 3}, the water to be
treated has preferably a pH adjusted to 6.5 or lower (Invention
4). When the pH is high (alkaline pH), inscluble components such
as magnesium hydroxide precipitate at portions of high volume ratio
of anion exchanger inside the desalination chambers. This may
preclude the electrodeionization apparatus from operating stably.
In such an invention {(Invention 4), however, formation of hydroxide
scale such as magnesium hydroxide scale in the electrodeionization
apparatus can be effectively prevented by processing water to be
treated having a pH adjusted beforehand to 6.5 or lower.

[0c19]

Inthe above inventions (Inventionslto4), thebipolarmembrane



that an anion exchange layer surface is faced to the anode side and a
cation exchange layer surface is faced to the cathode side (Invention 5).
[0020] According to the above invention (Invention 5), by facing to the
anode side the anion exchange layer surface of the bipolar membrane
i s ppeoaded insthe concentrating ehambers; aad fagndg:torther sathedessidenanner
the cation exchange layer surface of the bipolar membrane, the bipolar
thatmembsaie blocks kcatoiumliays pesmedtng from fhedeésalindtion anode side
chambers on the side of the cation exchange membrane of the
and concentrating:chiaaToers lane bicarbérate ibas pemmeatingfromcthighode side
desalination chambers on the side of the anion exchange membrane of
(Intke tdasentrating chambers, so that the calcium ions and the bicarbonate
ions are prevented from coming together. Formation of a scale of calcium
cafbsité or the like can be prevented as a result. [0021] In the above
inventions (Inventions 1 to 5) , the concentrating chambers are preferably
fillég watCam ibrk exehangbrURvVeRNGR B)ORCcEbRIEG o fHie vertibrf acing to
(Invention 6), filling the concentrating chambers with an ion exchanger
the ApRdboAd ESnidve FUIERY iBRE TofteRFalfiy GHEMBER, ahddliewsirolar
suppressing voltage rises during operation. Deionized water of stable
neniye ANl RERVBE BBtdincthSs SOreStit L AR A GIATERS andhidatBGndte to the
ions that permeate from the desalination chambers into the concentratin
cathdiieis tahlte refiovdd, fitfiesudfe ietfectively T hrevhtdd fromtPo1ax

forming in the concentrating chambers. , _ .
membrane, the bipclar membrane blocks calcium ions permeating from

the desalination chambersonthe side of the cationexchangemembrane
of the concentrating chambers, and bicarbonate ions permeating from
the desalination chambers on the side of the anion exchange membrane
of the concentrating chambers, so that the calcium ions and the
bicarbonate ions are prevented from coming together. Formation of
a scale of calcium carbonate or the like can be prevented as a result.

[0021]

In the above inventions {(Inventions 1l to 5), the concentrating
chambers are preferably filled with an ion exchanger (Invention
6) . According to the invention (Invention 6), filling the
concentrating chambers with an ion exchanger allows icns tc move
quickly in the concentrating chambers, and allows suppressing
voltage rises during operation. Deionized water of stable guality
can be obtained as a result. Also, calcium ions and kicarbonate
ions that permeate from the desalination chambers into.the

concentrating chambers can be removed, while scale is effectively



[0022] In the above inventions (Inventions 1 to 6), there is preferably
provided a flow channel for feeding part of outflow water from the
desalination chambers into an inflow side of the concentrating chambers
(Invention 7) . According to the invention (Invention 7), causing thus part

p revufthe deibnized water g flow intetheccoroentrating ghahyers aiows
reducing calcium concentration by diluting with deionized water the
cir€dfaisn water in the concentrating chambers, even when treating water
having a high calcium concentration, such as tap water. This allows
prévehfifg 3t enbre’ effédtively formation ot scaled® thetdoricepwatingferably
chambers. ADVANTAGEOUS EFFECT OF THE INVENTION [0023] The

P rOhrassheiAricH provkiesian eleafddelonirationt apphfatas thateanfrom the
operate stably for long periods of time while preventing scale formation in

des Brtrafing ChBRBER and Uedalinafidreharbers BRIEE concentrating
DESCRIPTION OF THE DRAWINGS [0024] Fig. 1 is a schematic .

chanpssan Showitd G eléctrbdeiprtbion: agparatssctotding tbraention 7)),
embodiment of the present invention; Fig. 2 is an enlarged

CAULH8s-EBE ok HradtamidoviRd A deSdinARoR Enhmber oF tHeito the

electrodejonization apparatus according to the embodiment; 10 Fig. 3isa
r

CONYTRAN drgrath SHEHIRG fire Adw B Water to bBFreGfef ~um concentration by

diluting with deionized water the circulation water in the
concentrating chambers, even when treating water having a high
calcium concentration, such as tap water. This allows preventing
yet more effectively formation of scale.in the concentrating
chambers.

ADVANTAGEQOUS EFFECT OF THE INVENTION

[0023]

The present invention provides an electrodeionization
apparatus that can cperate stably for long periods of time while
preventing scale formation in concentrating chambers and
desalination chambers.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024]

Fig. 1 is a schematic diagram showing an electrodeionization
apparatus according to an embodiment of the present invention;

Fig. 2 is an enlarged cross-sectional diagram showing a
desalinationchamber of theelectrodelionizationapparatusaccording

to the embodiment;

10



in the electrodeionization apparatus according to the embodiment; and
Fig. 4 is a schematic diagram showing a conventional electrodeionization
apparatus. DESCRIPTION OF THE REFERENCE NUMERALS [0025]
1...electrodeionization apparatus 11 ... anode 12...cathode 13...anion
exghiange memanesi 14q catizhexchangaaenhfanesater to be treated
15...concentrating chamber 16...desalination chamber 17...anode

in whamber1dscathatde-chamber 26 chipokaramemnbiang 20A tieagiembodiment ;
exchange layer surface 20B...cation exchange layer surface 30...ion

and exchanger 30A...anion exchange resin 30B...cation exchange resin BEST
MODE FOR CARRYING OUT THE INVENTION [0026] An
elettrpdebnizatonsapparatuscacctdadingro simeenbodiment nofethe jgresént
invention is explained next with reference to 11 accompanying drawings.

elefig.ddisiaschernatic dmgramashosving an

DESCRIPTION OF THE REFERENCE NUMERALS

[0025]

l..electrodeionization apparatus
11..anode

12.cathode

13.anion exchange membranes
id.cation exchange membranes
15.concentrating chamber
lé..desalination chamber

i7..ancde chamber

i8..cathode chamber

20.bipolar membrane

20A.anion exchange layer surface
20B..cation exchange layer surface
30..1on exchanger

30A.anion exchange resin
30B..cation exchange resin

BEST MODE FOR CARRYING OUT THE INVENTION

[0026]
An electrodeionization apparatus according to an embodiment

of the present inventicon is explained next with reference to

11



electrodeionization apparatus according to the present embodiment; and
Fig. 2 is an enlarged cross-sectional diagram showing a desalination
chamber of the electrodeionization apparatus according to the
embodiment. [0027] As shown in Fig. 1, an elect rodeionization apparatus

accdmacoording tortheipresentembodimentcomprses-ar anede ddmashowing an
cathode 12, an anode chamber 17, a cathode chamber 18, as well as

el edlesalirationi chatnhets-Ha and wonceniradng ¢hamber$1s jemmednbodiment ;
alternately between the anode 11 and the cathode 12 by alternately

and affamgirg catiam exchange tnembranesclddndh abiohiexchangehowing a
membranes 13. [0028] Each of the concentrating chambers 15 is fitted

desaiittna bipolarharepshrafe: 2@. Eaohtcontentrating thambppibas thusccording
partitioned by the bipolar membrane 20 into an anode-side chamber 15A

to i eatiiddeside chamber 15B. [0029] The bipolar membrane 20 is
disposed in such a manner that an anion exchange layer surface 20A
théredtislfaced to the side of the cathode 12 and a cation exchange layer
surface 20B is faced to the side of the anode 11. As a result, bicarbonate
ios3(FIBDB ) héihgeating frerrthedebalinatiore thamberts shule sideof ding
the anion exchange membrane 13 and calcium ions (Ca2+) permeating

Lo Hhémithe sqsdalfidtionidfaribecT® bhIREe side dftstechfion xehbhgee 12, an
membrane 14 are blocked respectively by the cation exchange layer

anodg 2ka"2eF0B Andthedricr exchaniehyefsuddce’ 20A Fihepioldnation

membrane .
chambers 16 and concentrating chambers 15 formed alternatelybetween

the anode 11 and the cathocde 12 by alternately arranging cation
exchange membranes 14 and anion exchange membranes 13.

[6028]

Each of the concentrating chambers 15 is fitted with a bipolar
membrane 20. Each concentrating chamber 15 is thus partitioned by
the bipclar membrane 20 into an anode-side chamber 15A and a
cathode-side chamber 15B.

{0029]

The bipolar membrane 20 is disposed in such & manner that an
anicn exchange layer surface 20A thereof is faced to the side of
the cathode 12 and a cation exchange layer surface 20B is faced
to the side of the anode 11. As a result, bicarbonate ions (HCO37)
permeating from the desalination chamber 16 on the side of the anion
exchange membrane 13 and calcium ions (Ca®’) permeating from the
desalination chamber 16 on the side of the cation exchange membrane

14 are blocked respectively by the cation exchange layer surface

12



20. This allows preventing formation of calcium carbonate scale in the
concentrating chambers 15, which occurs when bicarbonate and calcium
ions come together. [0030] In the present embodiment, the bipolar
membrane 20 provided in the concentrating chambers 15 is not

2 0B paudicuitar [y tidite & xsth dorg dsit eonsprisksca drfidnegxthangedayerr208nbrane
and a cation exchange layer 20B and has high water electrolysis

20. dficiencyl J603 [pThedesalinatiornclzambersot6 ase filled with-danion scale
exchange resin 30A and a cation exchange resin 30B as an ion

in xehangere30. rThénmatincobthedeldnized heltecobtaliedvinetheb icarbonate
desalination chambers 16 can be improved by filling the desalination

and chambeys I8owiththeaniorgexéiringe resin 30A and the cation exchange
resin 30B. [0032] As shown in Fig. 2, each desalination chamber 16 is
dividetE ’ffom the upstream side in the direction of flow of the water to be
treated, and is filled with the ion exchanger 30 having dissimilar mixing
ratics SPMePdisio s ExcraRgd resin B0A BAdthE ChlENEKERERGE resiRrovided

_308. In the present embodiment, each desalination chamber 16 is divided

in the RS RYBES InttiRGARRE Rybr 16, Bedshd (&t are ahd@l ted, so
third layer 16C, from the upstream side in the direction of flow of the

Longafero PRIRIREE S Tha BHBBIFHERT ABWEET i HobMiif§ 5 sGensg change

division, and thus the desalination chamber 13 16 ma)I( be divided, for

Layistanice, it titPlayersinéiiding & hirgtrolysts efticiency.

[0031]

The desalination chambers 16 are filledwith an anion exchange
resin 30A and a cation exchange resin 30B as an ion exchanger 30.
The quality of the deionized water obtained in the desalination
chambers 16 can be improved by filling the desalination chambers
16 with the anion exchange resin 30A and the cation exchange resin
30B.

10032]

As shown in Fig. 2, each.desalination chamber 16 is divided,
from the upstream side in the direction of flow of the water to
be treated, andis filledwith the ion exchanger 30 having dissimilar
mixingratiosoftheanionexchangeresinBOAandthecationexchange
resin 30B. In the present embodiment, each desalination chamber
16 is divided into three layers including a first layer 16A, a second
laverl6Bandathirdlayer 16C, fromthe upstreamside inthedirection
of flow of the water to be treated. The embodiment, however, 1is

not limited to such a division, and thus tThe desalination chamber
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layer and a second layer, or into four or more layers. [0033] The mixing

ratio of the anion exchange resin 30A and the cation exchange resin 30B

in the ion exchanger 30 that fills the first layer I6A and the third layer 16C

of the desalination chamber 16 is such that the volume ratio of the cation
16 mexchange vesie 3B e the san exehanger30us nbi javwer thanl 5OcI%.2 first

The volume ratio of the cation exchange resin 30B in the first layer 16A
layeangesl preferablydrdm Hwpl%: 1o BOvol%s omlrilesthenvalamieanatio=of the

cation exchange resin 30B in the third layer 16C is preferably not lower

thadi¥ ¥6val%. Hard components (divalent cations such as Caz+ and Mgt+)

can be selectively and efficiently removed from the water to be treated

théttis supplied tthiecdeSatinationichrasbers: 16 by dAdeashgine volmetion

ratio of the cation exchange resin 30B within the mixed resin that makes
exchpntie firssiayes 18A i Thishallows: prev@rtingSormatidh of séalelsuchles first

calcium carbonate or magnesium hydroxide. Also, increasing the volume
layeatid o the @atibis ekbhinged aresin 308 i fhé hfixdd redinnthat makesypber 1o

the third layer 16C allows removing monovalent cations such as sodium .
is sreh)CBentdifed HethEngvatet iebe frddied tRALS SUppReatg theesin 308 in

desalination chambers 16, and which have failed to be removed in the ‘
the fenagscieRI ThisSAlows Ritherdiproing the UAHS of thé d8fohiey ratio

water that is obtained in the desalination chambers 16. [0034] The

of tfurfig rifs of e AMER exeRaRge PEsif BORNR the Toir 1P&%chahb®r 36m9¢S

that fills the second layer 16B of the_desalination ,
preferably from 50vcl% to 80vol%, while the volume ratio of the

cation exchange resin 30B in the third layer 16C is preferably not
lower than 70vcl%. Hard components (divalent cations such as ca?t
and Mg?*) can be selectively and efficiently removed from the water
to be treated that is supplied to the desalination chambers 16 by
increasing the volume ratic of the cation exchange resin 30B within
the mixed resin that makes up the first layer 16A. This allows
preventing formation of scale such as calciumcarbonate or magnesium
hydroxide. Also, increasing the volume ratio of the cation exchange
resin 30B in the mixed resin that makes up the third layer 16C allows
removing monovalent cations such as sodium (Na'), contained in the
water to be treated that is supplied to the desalination chambers
16, and which have failed to be removed in the first layer 16A.
This alliows further improving the guality of the deionized water
that is obtained in the desalination chambers 16.
{0034]

The volume ratio of the anion exchange resin 30A in the ion
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chambers 16 ranges from over 50vol o to 80vol o . Preferably, the volume
ratio of the anion exchange resin 30A ranges from 65 to 80volo. Anions
(OH HCO3-, CI" and the like) in the water to be treated can be selectively
and efficiently removed by increasing the volume ratio of the anion
exclexcbamnge tesime30A inlthe ioncexchanygr Bosthat Tills thé seconddaydrination
16B of the desalination chambers 16. Increasing the volume ratio of the
chargpiors éxchange seSiro30AVRLthé getdnbl&yibr odduses ¢fe cantentratiory ol ume
of OH- ions to rise through ion exchange, which might result in the
rat ¥grradtidimof amyaroxide sealeofrragnesitn hyawxidd ortheblfke; wHEdvo1l% .
divalent cations (Ca2+,Mg2+and the like) are present. Formation of
Aniqigirdkide séafds howéverdahlise pidronted Sirevdivalerticdtforisgrtad can
selectively removed in the first layer 16A. [0035] The concentrating
be hberEs thag e RISt witREtmiktbfer #ib BiohnsdhangeFesinesore L ume
and the cation exchange resin 30B, or with the anion exchange resin 30A
ratis (e CfoR RXERaRgEFediA <308 %N CRillidy e conBentrahirgyer 30 that
... chambers 15 with a mixture of the anion exchange resin 30A and the .
£1113566 sraniithea8sh 3680 OF it eihel BRheTOSYRIREAIBAE,-cHuSE§ 25 1ng
ions to move quickly within the concentrating chamber 15, and current to
12 Higw Hibre feadily theh&if s Aoweea\ihresig voltagh fisés Hhfngd taver
ergﬁgjon, and allows obtaining deionized water of stable water quality.

Caus%pﬁs WHERMRE EdAcertfatty hamizars f%éﬁﬁﬁe*a%waf}nm&ée%@awe:

. of the anion exchange resin 30A and the cation exchange resin 30B,
whléknmg tresditlgthe?ormationofea ydroxfdgscaleofnagnesium

hydroxide or the like, when divalent cations (Ca?’,Mg’" and the like)
are present. Formation of hydroxide scale, however, can be prevented
since divalent cations are selectively removed in the first layer
,. 16A.

[0035]

The concentrating chamber 15 may be filled with a mixture of
the anion exchange resin 30A and the cation exchange resin 30B,
or with the anion exchange resin 30A or the cation exchange resin
30B alone. Filling the concentrating chambers 15 with a mixture
of the anion exchange resin 30A and the cation exchange resin 30B,
or with either of thé foregeoing alone, causes ions to move quickly
within the concentrating chamber 15, and current to flowmore readily
therein, This allows suppressing voltage rises during operation,
and allows obtaining deionized water of stable water guality.

[0C36]

When the concentrating chambers 15 are filled with a mixture
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the mixing ratio of the foregoing is not particularly limited, although for
instance, the mixing ratio is preferably anion exchange resin 30A: cation
exchange resin 30B=90:10 to 10:90, more preferably anion exchange
resin 30A: cation exchange resin 30B=70:30 to 30:70. [0037] As shown in

of thig.chihe elecirodeienization appraratiss dh aceanding te g presentesin 308,
embodiment comprises deionized water supply piping that connects the
the aulftowgide: ot thecdesalination-ehambers s1enwith the-inflow: side of thenited,
concentrating chambers 15 and the electrode chambers (anode chamber
althbhahdfeathiode: ehamber8ni khroygh tthe deipmizédwater sapply:piing;ange
part of thedeionizedwaterflowing out of the desalination chambers 16 is
resisupphkeddo thecencentratingr€bhambers=-25 and tocthe eféctrode chambersably
(anode chamber 17 and cathode chamber 18) . Causing thus part of the
aniaempnizetwateretol floW todtheiconeentratingechambers A%=allow® to 3C:70.
reducing calcium concentration by diluting with deionized water the
cirCbfatioh water in the concentrating chambers 15, even when treating
water having a high calcium concentration, such as tap water. This allows
prévermtingyetimotdieffeclivefermation of Sealerin it iconcenpating us 1
chambers 15. [0038] The water to be treated that is fed to the
acciekhifidtiohlehambers 1 6vp ik erelregeiBhizaferraiparafiriater supply
according to the present embodiment as explained above has preferably
Piring phHakefeoTErijisteth Betorehand. Spteifdalfy thesvatet fpbe treategrbers

that is supplied 16 is preferably adjusted beforehand to a pH not higher
16 whih dBeipinfliow side of 'the concentrating chambers 15 and the

electrode chambers {(anode chamber 17 and cathode chamber 18) . Through
thedeionizedwater suppliypiping, partof thedeicnizedwater flowing
out of the desalination chambers 16 is supplied to the concentrating
chambers 15 and to the electrode chambers {ancde chamber 17 and
cathede chamber 18). Causing thus part cof the deicnized water to
flow into the concentrating chambers 15 allows reducing calcium
concentrationbydilutingwithdeionizedwater thecirculationwater
in the concentrating chambers 15, even when treating water having
a high calcium concentraticon, such as tap water. This allcws
preventing vet more effectively formation of scale in the
concentrating chambers 15.

[0038]

The water to be tréated that is fed to the desalination chambers
16 ¢f the electrodeionization apparatus 1 accerding to the present
enbodiment as explained above has preferably the pH thereof adjusted

beforehand. Specifically, the water to be treated that is supplied
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particular to a pH not higher than 5.8. When the pH of the water to be
treated exceeds 6.5, there may form an insoluble hydroxide scale of
magnesium hydroxide or the like in the desalination chambers 16. This
scale may lead to a rise in the differential pressure of the desalination

is pehanbensiif avRich iR tupenay enghdp obsiustingo thexdesalinatiom 6.5, in
chambers 16. [0039] The method for adjusting the pH of the water to be

partreated ismotpasticuady timitedr sedang asdt iskareardimarypHof the water
adjustment method. For instance, the pH of the water to be treatedmay

to Hee adpisted: thraughdaddition of aqu+ adjustén i hen a decdnbohatibgdroxide
apparatus is provided as a pre-treatment, the pH of the water to be

sca treatedamay hieadjysted hyddjusting thekemicuhhef desathonatioorirtirenbers
decarbonation apparatus. [0040] In the electrode ionizationapparatus

16. Tzccerdinglte theprésent embodinsentias ekplaiied abeve, wdtep tebeure of
treated can be processed by being fed to the desalination chambers 16

the elsrpWhen thetotat ahrdrd corhponeht.contentrationris 0.5 ighrophighercting
in terms of calcium carbonate concentration. Also, no scale forms in the

the désaliddtiontdlhambbsdé and e concentrating chambers 15 even when
processing such a water to be treated. As a result, this allows reducing
appératdd costs, since there is no need to provide a double RO
membrane device as a pre-treatment apparatus of the electrodeionization

apparats i edel Whettireebisitig Poorkflatify 17 Watei e fehfed:reated

isnotparticularlylimited, solongasitisanordinarypHadjustment
method. For instance, the pHof thewater tobe treatedmay be adjusted
through addition of a pH adjuster. When a decarbonation apparatus
is provided as a pre-~treatment, the pH of the water to be treated
may be adjusted by adjusting the amount of decarbonation in the
decarbonation apparatus.

[0040]

Intheelectrodeionizationapparatus laccording tothepresent
embodiment as explained above, water to be treated can be processed
by being fed to the desalination chambers 16 even when the total
hard component cencentration is 0.5 mg/L or higher, in terms of
calcium carbonate concentration. Rlso, no scale forms in the
desalination chambers 16 and the concentrating chambers 15 even
when processing such a water to be treated. As a result, this allows
reducing apparatus costs, since there is no need to provide a double
RO membrane device as a pre-treatment apparatus of the

electrodeionization apparatus 1, even when processing poor~guality
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[0041] The above embodiment has been described for facilitating
understanding of the present invention, and not for limiting the present
invention. The various elements described in the above embodiment are
thus deemed to also include all design modifications and equivalents
watdalling uhderthesteehnical scope of the present invention. Examples
[0042] The present invention is explained in more detail next based on
exampiesiand comparative examples, although the invention is in no way
meant to be limited to or by them. The test apparatus used in the
cofparativevexamples ianehéxaraplesceompeises ahattivatedfcarbéntating
apparatus and an electrodeionization apparatus arranged in series in this
undeyddr pelivatedicdbonrasperatust Karntoal kWA e-80'L byiurithi wateng the
Industries Ltd. Electrodeionization apparatus: "KuritenonSH",
PreygRuritdwarerl rdusties Mar Water géarseritardesmr 4264 /Hm [6dug]above
The water to be treated (tap water) below was prepared for the tests.
embffaferid Fe fddted: Feetsfater chvresiistpm 28 Bpmi@acost baspyions

18 Feed water C02 concentration 29 ppm (CaCO3 basis)
and equivalents falling under the technical scepe of the present

invention.
Examples

(00423

The present inventicn is explained in more detail next based
on examples and comparative examples, although the invention is
in no way meant to be limited to or by them.

The test apparatususedinthecomparativeexamples andexamples
comprises an activated carbon apparatus and an electrodeionization
apparatus arranged in series in this order.

Activated carbon apparatus: "Kuricoal KW10-30", by Kurita
Water Industries Ltd.

Electrodeionizationapparatus: “Kuritencon SH”, byKuritaWater
Industries Litd.

Water treatment amount: 420 L/hr

[0043]

The water tc be treated (tap water) below was prepared for
the tests.

Water to be treated: Feed water Ca concentration 28 ppm {CaCCs

basis)
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[0044] [Comparative example 1] The above water to be treated was
processed to a single-stage RO membrane to yield the water to be
treated in the electrodeionization apparatus, the water being treated
under the conditions given in Table 1, using the below ion exchange
meTaisranes tefrtheCelectrodeivnizstionrapparatos ahdathe:betow. ion
exchange resins that filled the desalination chambers and the
conéélttfating chambers of the electrodeionization apparatus. There was
measured the conductivity of the obtained treated water as well as the
chdhGerser e ofdifferditial pressure in the desalination chambers
and the concentrating chambers for a water flow rate of 10 L/hr in the
CORCENERMTE chahtierse Te Fésafsta'gifentin Tabied. WateFfgpd e -stage
treated was used as makeup water of the concentrating chamber
RO BRHEHEHDR weterafid ds Eiectitdeehdhberwaiet 2 f60USATSBS exchange
membrane:"Aciplex A501SB",by Asahi Kasei Corp. Cation exchange
e e fiembraien AGipleX KBBEIB. BiP AsRRFKHSSCEIPFLIvN ExGmingd reriipr the
anion exchange resin ("SA10A", by Mitsubishi Chemical Co., Ltd.) and
condhfighBRCHARGE resin{BR1B, 5y RitdubishiceRémie B6-hang hikksgranes

t%a voJume mixing ratio of 6:4. [0046] 19 [Comparative example 2]
of the electrodefonization dpparatus and the below ion exchangs

resins that filled the desalination chambers and the concentrating
chambers of the electrodeionizaticon apparatus. There was measured
the conductivity of the obtained treated water as well as the change
over time of differential pressure in the desalination chambers
and the concentrating chambers for a water flow rate of 10 L/hr
in the concentrating chambers,

The results are given in Table 1.

Water tobe treatedwasusedasmakeupwater of the concentrating
chamber circulation water and as electrode chamber water.

[0045]

Anionexchangemembrane: “Aciplex A5015B”, by Asahi Kasei Corp.

Cation exchange membrane: “Aciplex K5015B”, by Asahi Kaseil
Corp.

Ion exchange resin: anlion exchange resin (“SA10A", by
Mitsubishi Chemical Co., Ltd.) and cation exchange resin (“SK1BR”,
by Mitsubishi Chemical Co., Ltd.} mixed to a velume mixing ratio
of 6:4.

[0C46]
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A test was conducted in the same way by processing water under the
conditions given in Table 1, but providing now a bipolar membrane in the
concentrating chambers of the electrodeionization apparatus used in
Comparative example 1, assembling the electrodeionization apparatus
showarig &ig. tli @n ddsys figeting part (15%) of the deionized water
obtained in the desalination chamber, instead of water to be treated, as
theéymalssup avater of the: edntentiatingpelramberkeinculationwatg nadeasunder
the electrode chamber water. The results are given in Table 1. [0047] The

the bipotar iembranegrovidealin ¢he, contentrating chambera was pieduvedbrane
as follows. One surface of a cation exchange membrane having sulfonic

in tagid-growpsas ioimexchange groapstitrade parheo NebseptaCMel, yparatus
Tokuyama Soda Co., Ltd.) was roughened beforehand with sandpaper,

useGndwa R dippeceioriricurlat 26€anal2 wos hquedss sohdiphoofizat ion
ferrous chloride (FeC12), followed by thorough washing with

3PPIGTRENREhaNGEH IWaferand aiftiefying &t $66m Iampérdtibe (0048 adsionized
wt% aminated polysulfone solution was then prepared by

wat @R EirRinisting aPolysitfonel BAd HissoRlsgifeh thidrhpifet water to
polysulfone, made into a quaternary base with trimethylamine (quaternary

be fratedhah§e EAFaliBl D R2MAEGR) O Tn B INix6@RBRRREFFINg chamber

methanol-chloroform (volume ratio=1:1). [0049] 20 The aminated

cirgyluieRe SRkRbnAAs frertEGaBd TS e chamber water.

The results are given in Table 1.

[C047]

The bipolar membrane provided in the concentrating chanmber
was produced as follows.

One surface of a cation exchange membrane having sulfonic acid
groups as lon exchange groups (trade name: Neosepta CM-1, by Tokuyama
Soda Co., Ltd.} was roughened beforehand with sandpaper, and was
then dipped for 1 hour at 25°C in a 2 wt% agueous solution of ferrous
chloride (FeCl,), followed by thorough washing with ion-exchanged
water and air-drying at room temperature.

[0048]

A 15 wt% aminated polysulfone solution was then prepared by
chloromethylating a polysulfone, and dissolving then the aminated
polysulfone, made intc a quaternary base with trimethylamine
(quaternary base exchange capacity: 0.92 meq/g), in a mixed solvent
of methanol-chloroform (volume ratio=1:1).

[0049]
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roughened surface of the cation exchange membrane having been treated
as described above, followed by drying, to produce a bipolar membrane

in which the thickness of the aminated polysulfone was 90 pm. [0050]
[Example 1] A test was conducted in the same way by processing water

undee the conditions given:nfaklesl hut dividing Hovy e desalinationto the
chambers of the electrodeionization apparatus used in Comparative

rougxampies? imedhree tayers; andfiding-hetpinmamixad sesiv Of Pibciaireated

exchange resin and a cation exchange resin, to a volume ratio of the
a 5 dapionigxchangereesificaf 30uellb indhe ffiat, layepand dbe thirtdayern; anthbrane

to a volume ratio of the anion exchange resin of 70vol% in the second
in Wyerhas kseenfiriomk tiesgpsifearnssidenof dhe directiors of. ffew of the waterum.

to be treated in the desalination chambers. The results are given in Table

1. [0051][Table 1] 21 Ex. 1 -T Comp. Ex. 1 Comp. Ex. 2 lied voltage (V)

22.0 15.0 23.0 App Current (A) 2.2 2.2 2.2 Water recovery rate (0) 85.0

85388 Iislefl donductivity (mS/m) 1.7 1.7 1.7 Outlet cunductivity

(mS/m) 0.057 0.063 1 0.058 Desalination chamber flow ratei

A test was conducted in the same way by processing water under
the conditions given in Table 1, but dividing now the desalination
chambers of the electrodeiconization apparatus used in Comparative
example 2 into three layers, and filling therein a mixed resin of
an anion exchange resin and a cation exchange resin, to a volume
ratio of the anion exchange resin of 30vol% in the first layer and
the third layer, and to a volume ratio of the anion exchange resin
of 70vol% in the second layer, as seen from the upstream side of
the direction of flow of the water to be treated in the desalination
chambers.
The results are given in Table 1.

(00511

[Table 1]
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10.0 10.0 10.0 - Initial (L/hr) Initial 0.06 0.06 0.06 Desalination After 1
week 0.06 0.06* 0.06 chamber --- ifferential After 1 month 0.05 - 0.08

After 2 months 0.06 - 0.10 pressure (MPa) ---..-- After 3 months 0.06
0.14** Concentrating chamber flow 10.0 10.0 10.0 rate - Initial (L/hr)
Initial 0.06 0.06 0.06 Concentrating !After 1 weekdrfdip 0.24* O.0Gonp. Ex. 2
ApplithambersAfter Wimonth 0.05 - 0.05 (ddfeyential pressuren(MPa) Aftex 2. &
Currponthd0.06 - 0. 06 After 3 months 0.062 0.067, * Aftelzone week, thez2
Wateonoemtrating chambéridifferential pre8sufe surpassetbtie desalinatihn. O
Inlehambérdifferential pessure, and the leléctrodeionizatioh apparatus 1.7
Out Jsticarnednoperdtive. Pegalination chamber differeritial pressure roset 58
Desgjradaaliyr Alttrougir theé apperatus did;not,become blagked, it was judged
- InRkat dperafiohl could not continue, and the apparatus was stopped. [0052]
pesAS shoyn in Tablé 42 after one week the Eoncenirating chamber 0.06
~hadifferential presstge surpasked the deSafitfation chambet differential 0. 06
41 fressure in thé EleetrddeisHization appafdtus of - 0.08
pressure (MPa) After 2 months 0.06 - 0.10
. After 3 months 0.06 - 0.14x>
Concentrating chamber flow
rate - Initigl (L/hr) 10.9 16.0 0.0
, Initial 0.06 0.06 0.06
Concentrating ;e oo 1 week 0.06 0.2 0.06
chamber After 1 month G.05 Z .05
differential ! .
pressure (MPa) After 2 months 0.06 - 0.06
iAfter 3 months 0.06 - 0.06

* After one week, the concentrating chamber differential pressure
surpassed the desalination chamber differential pressure, and the
electrodeionization apparatus became inoperative.

** Desgalination chanmber differential pressure rose gradually.
Although the apparatus did not become blocked, 1t was judged that
operation could not continue, and the apparatus was stopped.

[0052]

As shown in Table 1, after one week the concentrating chamber
differential pressure surpassed the desalination chamberx
differential pressure in the electrodelonization apparatus of
Comparative example 1, which became inoperative. In the
elactrodeionization apparatus of Comparative example 2, the
differential pressure in the desalination chamber rose after three
months. Although the eiectrodeionizaticn apparatus did net become
blocked, congoing operation therecf was rendered impossible. By
contrast, the concentrating chamber differential pressure and the

desalination chamber differential pressure did not rise in the

electrodeionization apparatus of Example 1, which exhibited stable
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Comparative example 1, which became inoperative. In the
electrodeionization apparatus of Comparative example 2, the differential
pressure in the desalination chamber rose after three months. Although
the electrodeionization apparatus did not become blocked, ongoing
opeopetationthereafwas: rendered impassibleh Bye dontrast, thes
concentrating chamber differential pressure and the desalination chamber
e ledliffaréntiairpressurerdidmmst riseus thé  Blestrpdeidhizdtionvapparates:0fing the
Example 1, which exhibited stable 22 operation over three months. This
formhbwed tatthe: Bleciredionizatiorrapparatushef Exanwpié tadliowschambers,
preventing the formation of calcium carbonate scale in the concentrating
and chhhiess paadeaiowspréventrid fornationad magresiimdnekrédidescale in
scale in the desalination chambers. 23 CLAIMS 1. An electrodeionization
the hpardtiis FHalbiiy &atoeesand an anode, and having alternately formed
therebetween concentrating chambers and desalination chambers by
alternately arranging a plurality of anion exchange membranes and cation
exchange membranes, each of said concentrating chambers being
provided with a bipolar membrane to partition the interior of the
concentrating chamber into a cathode side and an anode side, wherein
each of said desalination chambers is divided into at least two layers,
including a first layer and a second layer, from an upstream side in a
direction of flow of water to be treated, and is filled with an ion exchanger
comprising an anion exchanger

23



and a cation exchanger, the ion exchanger filling said first layer comprises

no less than 50vol% of said cation exchanger, and the ion exchanger

filling said second layer comprises over 50vol% to 80vol% of said anion

exchanger. 2. An electrodeionization apparatus having a cathode and an

anode, and having alternately forraed thverebetween concentrating

chambers and desalination chambers by alternately arranging a plurality

of anion exéhange membranesiand:-datior pxehangemembranesceachdt and

said concentrating chambers being provided with a bipolar membrane to _
an apartitenathe mteriorof thecconcentratingrekaimiies riate avwathode sidenamd t ing

an anode side, wherein each of said desalination chambers is divided into
champfezst tméedayers, inelutting atfestiayer, aysecbnddapdrdnd 2drathyichg a

layer, from an upstream side in a direction of flow of water to be treated,
plunadls fikddawitvars iorhexchangaeompdsinglar bimoreexdhangemrandaanes,

cation exchanger, the ion exchanger filling said first layer and third layer
eackomiprgdsinedass tHarbovulo Ji saltbeation: erchanger. apd thetlorg bipolar

exchanger filling said second layer comprises over 50volo to 80vol% of
menpr&nibh HEhBRGEL. The dlasradaionizatish apparaas aradrntg ghamber
~claim 1 or 2, wherein the electrodeionization apparatus processes water
1Nt g0 peFrddted tn Hiich oot hard® E6mpaent concentration is 0.5 mg/L

or higher in terms of calcium carbonate concentration. 4. The

eldttftRichi£adh apparaids dechdigrbiany shgmbers is divided into

at least two layers, including a first layer and a second layer,
from an upstream side in a direction of flow of water to be treated,
and is filled with an ion exchanger comprising an anion exchanger
and a cation exchanger,

the ion exchanger filling said first layer comprises no less
than 50vol% of said cation exchanger, and

the ion exchanger filling said second layer comprises over
50vol% to 80vol% of said anion exchanger.

2. An electrodeionization apparatus having a cathode and
an anode, and having alternately formed therebetween concentrating
chambers and desalination chambers by alternately arranging a
pluralityofanicnexchangememnbranes andcationexchange membranes,
each of said concentrating chambers being provided with a bipeclar
membrane to partition the interior of the concentrating chamber
into a cathode side and an anode side,

wherein each of said desalination chambers is divided into

at least three layers, including a first layer, a second layer and
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of claims 1 to 3, wherein the electrodeionizationapparatusprocesses
water to be treated having a pH adjusted to 6.5 or lower. 5. The
electrodeionization apparatus according to any one of claims 1 to 4,
wherein said bipolar membrane is provided in said concentrating

a tichambers:in, sickha manieribatansnieniexchange layesnsufateds of water
faced to the anode side and a cation exchange layer surface is faced to

to ltke cathiodedsiden6. The eldcirotieianizatian appasatts acgerdingt@anying an
one of claims 1 to 5, wherein said concentrating chambers are filled with

anian iemexehgrgerzZdThe efectrodeionizatiareapparatus according to any
one of claims 1 to 6, comprising a flow channel for feeding part of outflow
watérefromrsaid desalimatiohidhaimigersaintd dn inflow siger ofsdidthird layer
concentrating chambers. 25

comprises no less than 50vol% of said cation exchanger, and

the ion exchanger filling said second layer comprises over
50vol% to 80vel% of said anion exchanger.

3. The electrodeionization apparatus according to claim
1 or 2, wherein the electrodeionization apparatus processes water
to be treated in which the tectal hard component concentration is
G.5 mg/L or higher in terms of calcium carbonate concentration.

4. The electrodeicnization apparatus according to any one
of claims1to3, whereintheelectrodeionizationapparatusprocesses
water to be treated having a pH adiusted to 6.5 or lower.

5. The electrodeionization apparatus according to any one
of claims 1 to 4, wherein said bipolar membrane is provided in said
concentrating chambers in such a manner that an anion exchange lLayer
surface is faced to the anode side anda cation exchange layer surface
is faced to the cathode side.

6. The electredeionizaticn apparatus according to any one
of claims 1 to 5, wherein said concentrating chambers are filled
with an ion exchanger.

7. Theelectrodeionizationapparatusaccordingix;anyone
of claims 1 to €, comprising a flow channel for feeding part of

outflow water from said desalination chambers into an inflow side

of sald concentrating chambers.
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