ot

10

15

20

25

I

METHOD FOR OPERATI NG ELECTRCDEI ONI ZATI ON DEI ONI ZED
WATER PRODUCI NG APPARATUS, ELECTRODE | ONI ZATI ON
DEI ONl ZED WATER PRODUCI NG SYSTEM AND
ELECTRCDEI ONI ZATI ON DEI ONI ZED WATER PRODUCI NG

METHOH FOR Pk ARSI (B 16 £ IWVENT b o7 e #A R R roDUCTNG
e I nven e presen pe

1on rvention relates to an

S S e e e M R e R

in the fields of various industries such as
PP Bl el LR L R Tl (D& T OO H & rva M Re ZR ORI d 4 c ARFARATUS

power generation such as fossil-fuel ed and nucl ear
power generation, and food industry and in research
facilities. 2. Description of the Related Art 15 As a
nmet hod for produci ng dei oni zed water, conventionally,
a nethod is known in which water to be treated is

forced through dpak@Exshangs resd NweNr o s et hod,
however, when the ion exchange resins are exhausted

1. Wi RGN Ly hQRSAckbyl S necessary to apply a

regeneration process using chem cal reagents. In order

to ercone, 20 dLsadvgntages a§§ociated Wi t.h

PT% %?% Lo¥en 108.r%+a &5 O ap eleclggaéaonization
treat frent = oper at i1 ei'oni®Zati on” dél'ofized Water

roducing nethod has been deve| oped, and . ,

(h kiRt 1 S PIRHLUGTIE B0 WA BD0S) bt PEGc gater producing

regeneration using chem cal reagents. In the )
aPROTAEHT | 9R&F B, tést | bt B®h&dgevmehptand§dand rdgisonsuch  as

25 exchange nenbranes are alternately placed spaced
serfiygrndactont menufagtdran | phacrehangerals manysactiwre, power

every ot her space fornmed between
generation such as fossil-fueled and nuclear power generation, and
food industry and in research facilities.
2. Description of the Related Art

As a method for producing deionized water, conventionally,

a method is known in which water to be treated is forced through
ion exchange resins. In thismethod, however, when the ion exchange
resins are exhausted with impurity ions, it is necessary to apply
aregenerationprocessusingchemical reagents. Inordertoovercome
disadvantages associated with such a treatment operation, a
deionization deionized water producing method has been developed
and commercialized using EDI which does not require regeneration
using chemical reagents.

In the conventional EDI, cation exchange membranes and anion

exchange membranes are alternately placed spaced from each other
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the cation and ani on exchange nenbranes to form

desal i nati on chanbers. Power saving EDIs in which the

structure of the desalination chanber is

fundanmental | y changed have been devel oped in place of

the 5 conventional EDI. Such a power saving EDI is

anddasckPberdhangesy iexhhpled irnpanayeotPar etpadaifgrgsenbetween
Publ i cati on No. 2001-239270 and has a structure in

thewls tcivn end exdbargerh{rs)e msmibrdhes torf dnwodss@l ination chambers.

desal i nati on chanbers fornmed by a cation exchange

PoWERTHA ANeg @M I@NEN hden e 8RiraRtaxensn e eldk AN PBhanber
the other side, and an internedi ate i on exchange

is MBORI ARG, POS) L LARRGBEHAGRN Y&, CALIONL586NANTY1ace of the
menbr ane an he anfon exchange nmenbrane to forma

es: ﬂ&% Hi%%lchanber consisting of the two small

esallinati on chanmbers, a concentrating chanber is
provj ded_ on both sides _of the desal.ination chamher
vi a e TROVEE SREHIRGE 115 ﬁ@ﬁﬁFéﬁ@da’ﬂ& £RE HifiYNn-e, Japanese
exchange nenbrane, and the desalination chanber and

Patigns dgAceRPeat PRELARaRDERsNAr o2 P hieetd HEY dkh has ansgsucture
chanber having an anode and a cat hode chanber having a

inwattlbden exphiangey (wol gl 1 ed appmicesina Wadesat bnpeion chambers
treated is passed through one of the snal

f onregh biynatdadd obharbles sge trteenhwatrer ofil ave g deyt anfar2idrt kechange
smal | desalination chanber is passed through the other

neridide oflesal dthadd andehamdesn iandrreneantridiree Melh £figé Sembrane
passed through the concentrating chanbers to renove

pod MPWAdY boRsedderiNedEEQBh! R chaRl@r ddhmiardd eM®dihe anion
to obtain deionized water. Wth an EDI of this
L | bl .. ' ;
ox A Hofipgshl oy E5AL Beb SIBLI 2yGRBLANEAL1 8y ot e
e B iy BsRi SR80k Harins, 5 R olRELR X RNV s provided

hanger "of’ an “anion exc

con

on both sides of the desalination chamber via the cation exchange
membrane and the anion exchange membrane, and the desalination
chamber and the concentrating chambers are placed between an ancde
chamber having an anode and a cathode chamber having a cathode.
While a voltage 1s applied, water to be treated is passed through
one of the small desalination chambers, the water flowing out of
the small desalination chamber is passed through the other small
desalination chamber, and concentrate water is passed through the
concentrating chambers to remove impurity ions derived from the
water to be treated, to obtain deionized water. With an EDI of this
structure, it is possible to employ a configuration, for example,

having a single ion exchanger of only an anion exchanger or only
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and a cation exchanger as the ion exchanger to be
filled into at |east one of the two small
desal i nati on chanbers. Wth such a configuration, it
is possible to reduce the electrical resistance 5
based on the type of the individual ion exchanger and
a cpgleBteRHEANgGH| ekressing agml o erghanbecko®ss @iid¢mexchanger
i on exchanger for achieving a high perfornmance. \Wen,
ancheweadrion kechangeesasoththtonmadechimgde dd eat ed1led into at
flowwng into the ED is high, scales consisting of

leanad Gindn cArbpeat fo sﬂa@lﬂagagﬁhbﬂﬂhhygﬁo&hgﬁbegé.thﬁi}:lﬁ such a
e

like may be fornmed in the concentrating chanber of

lqu g, cake , i cal si_st an

T o T5 A i T e s anaEoarhe (e 3¥aY MSForance
|nerea it b nmes..nmore difficult for the

baéc%b?roglnt%%%o%&ggwgfl ﬁﬁ%t h@?lv ?%I%J,(‘j T SHHRIPNYY &5 Foaset the
cyrrent having the sane current value as in the case =

thifknes P AR ARt LRaTE 1S knGSTett tirel R PrE§ENARE TPeachieving
i ncreased, and thus, the power consunption increases.

a NighRAtismandépending on  the place of adhesion of
scal es, the current density may vary within the
conddery, ahpwgveharberhardses s ofgthe wanevermbsst wfated flowing
current within the desalination chanber. Moreover,

intwherhd¢ heDanbenhigh, adfvediecan &hofstsicad esf i Safvithetarbonate,
i ncreased, the differential pressure through the

macgyestiam hgdirogteasest and 1i1ee weht BgeEdrimeldui hR@le concentrating
i ncreased, and, when the voltage exceeds the nmaxi mum

chardldagerRE ebhe appas abHseshhe r WMLy @ M8t Scal resistance
reduced. In this case, a current necessary for

at %Eg?gﬂétﬁgohoﬂ?‘yﬁggﬂgheygc*z%f)%% 'a?g f Jz‘?@é& \A%fegggéges and it becomes

ation o ualit freate
urt.hernore, .there is als sibiljty that 3 oW
moxg: HuaghINE. sb0PHEe| et Ah et Biee. ik ol I order

uItinateky . .
to apply a current having the same current value as in the case

in which no scale is formed, the voltage must be increased, and
thus, the power consumption increases. In addition, depending on
the place of adhesion of scales, the current density may vary within
the concentrating chamber, resulting inunevenness of current within
the desalination chamber. Moreover, when the amount of adhesion
of scales is further increased, the differential pressure through
the system is increased and the voltage is further increased, and,
when the voltage exceeds the maximum voltage of the apparatus, the
current value is reduced. 1In this case, a current necessary for
removing ions cannot be applied, resulting in degradation of quality

of treated water. Furthermore, there is also a possibility that
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break the ion exchange nmenbrane. As a counterneasure
for solving this problem a nethod is known in which
water to be treated having a | ow hardness is passed
through 5 the EDI. If the hardness of the water to be
treated is.low, .the solybility product is not reached
TEGHS (e e LBOREER( HAET % HARDERCARFBATRTDRRRE L0 Bitimately
therefore, no scale will be fornmed. However, in
bready| g ToneRuFhge SieePhiteer to be treated having a
| ow hardness is passed through and treated, there are
casess #gonhitelnseshes ofr sal vingnthl scardivhet 22 methed is known
magnesi um hydr oxi de, etc. are forned within the
in gbhcbntatat s ng ishameerted hathesa Lasemrdi«add €8B5passed through
simlar to those described above would be

theeEmuUNt eredhe JRRRARESs Pat effhe Lid e Oped U ALAtd PN NAow, the
2001- 225078 di scloses an EDI in which an anion

soﬁﬁﬁ@@ﬂ%ﬁbreaﬁﬁﬁQj@ﬂé@%gégﬁéd%éﬁ%%%gﬂé%éhéénPigfggg%ﬂamber,

the side of the concentrating c near an anion
rane. Wth this |, -a_diffusive dilution_..
proﬁ%ﬁ%@ﬁgﬁgﬁrﬁég%gﬁé TConeen FqéLtliEr%gé FPErd- | g'ioé'f:ecveqre’r pégality,

b ?%§urfa e of a p%rous aniggngphanger and the OH_
eVGIh i Edh GBRDT 4F T O 16h PENEECRPR A 148 dul ekl Ja FddkzedS passed
On the other hand, it becones nore 20 difficult for
h ed e tasty ddarde 300 saskes ilmsivld cbf sgd esorrdusalcium
ani on exchanger, resulting in reduced nunber of
cagpporieni magaesfiuncopyacoxbeene@ta.headd fonsedndvitiein the
har dness ions, and, consequently, inhibition of
cordepostdti iory ahdmdecunulattlorsofcaasgnpgsbtemposiant Bar to those
Japanese Patent Lai d-Open PublicationNo. 2002-1345
dedh S5 @sehowrdd v lkDIbd Rendtigiteaizd.on exchanger to be
stored in a concentrating 4 chanber includes at |east

two JayRlesdaviRgndi f .81 80bp¥AL €buplication No. 2001-225078

t

discloses an EDI in which an anion exchanger having a specific
structure is placed on the side of the concentrating chamber near
an anion exchange membrane. With this EDI, a diffusive dilution
of OH™ ions to the concentrating liguid is accelerated by a surface
of a porous anion exchanger and the OH  ion concentration on the
surface is quickly reduced. On the other hand, it becomes more
difficult for hardness ions to intrude into the inside of the porous
anion exchanger, resulting in reduced number of opportunities of
contact betweenthe OH™ ions and the hardness ions, and, consequently,
inhibition of deposition and accumulation of hardness components.

Japanese Patent Laid-Open PublicationNo. 2002-1345 discloses

an EDI in which an ion exchanger to be stored in a concentrating
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perneability with the layer having a smaller water
perneability being provided on the side of the anion
exchange nenbrane and having anion exchange groups at
Ieast on its surface Wth this EDI, when 5

h ncentraﬁ 8 |d whi ch has aned t hrough the | ayer
c w $ alPgryers %%@Fn@m | {RYSHRd PRI %.lffﬁ@%nt water
anmount of hardness conponents reaches the |ayer with
pe TR sinkl t e v idt dhepdramsabiaviyyg themeddieln matesf permeability
har dness conponents is reduced. Hence, flow of

be iray gmessdedanrpohertisde pfothidenivnf eacieanfe eabshde Hid having
t he ani on exchange nenbrane 10 near the concentrating

anidragRehangeps £ehd ed 1888t dQPasist s@RraRd. aGEWHhati®fr, when
of hardness conponents are inhibited. |In Japanese

cofgtiot 508 UL Gl 0y 0 REURAIGy g savcer

I C fratin chanber ar,
Wa§%€§9#ﬁgab it FEREEThE 1A% oE e PE o e gomponents
tion n be ented in a Ion erm
re AR E PG AT HAG Yo PR ‘?’%t%Pﬁé%P?’ 35N cfhampbility
|nfluences of the invention on the quality of

of EPRIHRESEe FARRVICNIAS the BRENEEd0 bEeREPp] ifd@™ 0o f hdardness
EDI, typically, perneated water of a reverse osnosis

commﬁﬁ'rafrﬁeinﬁOMiec&unmﬂ%fébeosridm@lﬁwleiatiorzexmiaaegeirr@mbrane
roughly desalinated is used. Ina reverse osnosis

neame ndreane;n d Tt Eanipen entasakarre irse peedintldt, post defposition and
gases perneates through and is not renoved. As such,

acdumel £Erdyoro filddie 0f dUn@Pon<GonRc ety dinham iweiach
per neat es through the nenbrane as carbon di oxi de gas

Wi | |Ir_[ 3E%éﬂe§\étPBIt%nﬁ:h@aW®§?&{ edonaterigh Nde FEVELS25078 and
osnbsi s 25 nenbrane. The free carbon dioxide is an

20U L0 £, l%%thﬁl@@oncﬁ gaqw hecause (e €8 be supplied

carbon ‘dioxi de’i’s weak aci it tends to

to the concentrating chamber are not specified and it is not clear
whether or not the scale formation can be prevented in a long-term
operation. In addition, there is no description of any influences
of the invention on the quality of EDI-treated water.

As the water to be supplied to the EDI, typically, permeated
water of a reverse osmosis membrane in which tap water or industrial
water is roughlydesalinated isused. Inareverse osmosismembrane,
ion components are removed, but most of gases permeates through
and is not removed. As such, free carbon dioxide of high
concentration which permeates through themembrane as carbondioxide
gas will remain within the permeated water of the reverse osmosis

membrane. The free carbon dioxide is an anionic load on the EDI,
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, remain in the treated water, bringing about inferior
wat er quality. Because of this, a carbon dioxide
renoval device such as a nenbrane degassi ng apparat us
i's provided upstreamof the EDI to thereby supply 5
wat er rbonlc d IS, removed tq the EDI
andyehBea Bre bR oS LTl o TR P onsaguents fends to
ove the quality of the treated water. Mbreover,
reﬂiarrgs %ﬁ%ﬁr?%ve%M&\F.eaarnlarhn%ﬁ%%ﬁb%towa%u%waer quality.

device is also effective for inproving the silica
Becpawsvaf thdrs.ornemideomiiior ids neneval fdavide stehrasmaveembrane
than carbon 10 di oxide. Therefore, when a high purity
degies sriegua predr foxs 1 he repvdldietdyup of rédne of ridet BUI wattdreraby supply
carbon di oxi de renoval device is required. However,

wat@reAnWhBiich earbenidi gxidei s emmnvalediadd edd $.0Rr €% 8eluce the
upstream of the EDI, the treated water of the carbon

loadl ¥ derpeARMa € { e
ool 88 TRk A% SRR MY B quatsey of

ot 06 Bl %‘Ee@” aﬂ}a%o grghapger hét?&?"kgﬁd?wviﬁfng a cabon

concentrat cha on"thé 'sid

th d t bt
dl%lé% BaFPYS gtar ey ratlﬁses?23?§avgm£<5%§fmaﬁ%éf?l&giﬂ;ge silica
cases in mhlch scal es of hardness co onents or

removigd BREETPERABRES HRECH oy MO&nPopérati b 02‘”(?“@.‘1?@!\/1&#?‘?“ carbon
OF THE | NVENTI ON The present invention advanta eously
diowis\d-deShareEore: whal amigmper ifavi hgervdaedafpprihe quality
di oxide is supplied to a concentrating chanber filled
of wheht zea bed ortexchangerbom dikeisiedeendvah dawiore is required.
exchange 25 nenbrane near an anode. Wth this
St r Weierer,forsmivhen aoéasibahes dxivet temotdiedevice is provided
concentrating chanber can be inhibited even in a
updt@RGmd 88 Mhe EDI, the treated water of the carbon dioxide removal
device isusedas thewater tobe treatedin the EDI and the concentrate
water in the EDI, and an anion exchanger is provided in the
concentrating chamber on the side of the anion exchange membrane
near the anode in order to obtain high purity guality of the treated

water, there are cases in which scales of hardness components or

the like are formed in a long-term operation.

SUMMARY OF THE INVENTION
The present invention advantageously provides an EDI in which
water having free carbon dioxide is supplied to a concentrating

chamber filledwith an anion exchanger on the side of an anion exchange

membrane near an anode. With this structure, formation of scales
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operation. In addition, an anion exchanger is placed
within the concentrating chanber on the side of an
ani on exchange nmenbrane near an anode and a water
perneating material having no strong basic 5 anion

LTSRS ALR.LE OIS beLupen sl anlen uo e o

structure, because the anion exchanger substantially

OPIFHSL Hot EBNRATAL LGNt adR WO tevChaRdeIn 1 exdimege within the
menbr ane, bicarbonate ions which have passed through

condent ratiiny elcmiegecnatdedisfitgsed vo théocdoenshregm membrane
along with the 10 concentrate water before the

nezh eardrortd entansateaqteinne: ttiatd nateexahange MPABraNeng basic
and thus, degradation in the quality of treated water

anican ekehphgwegisdp ACGHA RG] BcwbibhSta 8§ PEFtoPfeddMnger and
present invention, there is provided an ED deionize

uel 6f cRLAJHE it Ug S ot ,
b R e ST A% Aa R e anton

' t e, d salina%ion chamber .in whi.ch .
ex8|§gﬂ%%g?&%ﬁg%gﬁg&§y ﬁgeéeﬁg a?%%ﬁbvléW%ﬁﬁ%)‘%&%ﬁgﬁﬁecatlon
nbrane and a sjde near the cathode |s separated by

ex 9 BR™MEXERENgR TRIBPRRES P ¥NdGRCBAYPaFPRed through the

chanber in which a side near the anode is separated b
anip RIFEICexehange L feapblane, thesidwnrtareameztathodeth the

is separated by an anion exchange nenbrane, and an
COTHIR YT adhee it Besfdid | Bek | i ¢hebampde isnslerefichhehe cation

ani on exchange nenbrane. In the ED deionized water
exqiraotiec megbappal adns thaet, edebasdagidnem caebguadi oxiactetreated

is supplied to the concentrating chanber. 25 A
wat®ehat 398 e vidh@ dar mati on of scales within the EDI

will 7 now be described. Wien a current is applied in

an BAoor@BHRORLCa first aspect of the present invention, there
is provided an EDI deionized water producing apparatus comprising,
between an anode chamber having an anode and a cathode chamber having
a cathode, a desalination chamber in which a side near the anode
is separated by an anion exchange membrane and a side near the cathode
is separated by a cation exchange membrane, and a concentrating
chamber in which a side near the anode is separated by a cation
exchange membrane, a side near the cathode is separated by an anion
exchange membrane, and an anion exchanger is filled in the anode
side of the anion exchange membrane. In the EDI deionized water
producing apparatus, water having free carbon dioxide is supplied

to the concentrating chamber.

A mechanism for the formaticn of scales within the EDI will
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., acid (carbon dioxide) (a collective termwhich

i ncludes free carbon dioxide, bicarbonate ions, and
carbonate ions) in the water to be treated is
captured by an ani on exchange resin as carbonate ions
5.b ctians of | arge_anount of hydroxjde ions _
f“”bﬁé%éﬁ%ﬁ%ﬁihﬁég dﬁggac At P ohet %%I%ﬁgi%?élﬁ¥ an EDI, carbonic
desal i pati on chanber. The carbonate ions pass through
ackhdCapPeR X Ye (Aerr et e tReMsikiechéaclifes free carbon
anode al ong wi th hydroxi de ions and ot her ani ons such
digsidehl dricdebonats capsurand et atesilonandinoviee twater to be
the concentrating chanber. 10 Because of this, the pH
trdatedd riegicaptafrekheycanceni sat ¢ nghehgerbessimesdy dai®onate ions
ani on exchange nenbrane | ocally becones al kal i ne.
by Lakevbse, ofhad dngsgel AousHC o AS nGAEKYALI A ANGenerated by
magnesi um ions captured by a cation exchange resin
di Uk passed Jehiopah £#9jﬁgﬁkgﬂlﬁﬁ%Q§Bgech LAN%he carbonate
accunul ate on the surface of the anion exchange
: r.an ' entrating chanper. Th th
o s P oahl 0 et R ERaR P I s ab FRe bifacioar the
i th.the cal cium.ions and magnesi ions, resulting _
anq4E 34506 PToh BYCEGT LOm U BORaPE SR HLgResT iR 5 chloride
. hydroxi de as scal es. When an ani on exchanger is
1otk &SHHIISN PHetAR0HRS 51 d@ofiovRet o 2bhafiditedalidrige chamber.
menbrane in the concentrating chanber as in the f irst
Begmprrtofofthillse phespHt innveredioon ¢hhe headomcane riadrisig chamber
and hydroxi de ions passing through the ani on exchange
neamhbe aneé cde xwtampectiorand éocant ¢itacatme svealtlerd, it Likewise,
i nstead, pass through the ani on exchanger having a
haddmgs € dradscsueht ¥s datd i iprecess, mabess f uh etald@tured by
di oxide 25 is included in the concentrating water

a EAOWMOckbrangh tbei8 spacgaksali earehgAbene theibhe@xchange
carbon di oxide reacts with the

membrane accumulate on the surface of the anion exchange membrane
in the concentrating chamber. Then, the carbonate ions and the
hydroxide ions come in contact with the calcium icns and magnesium
ions, resulting in deposition of calcium carbonate and magnesium
hydroxide as scales.

When an anion exchanger is present on the anode side of the
anion exchange membrane in the concentrating chamber as in the first
aspect of the present invention, the carbonate ions and hydroxide
ions passing through the anion exchange membrane do not move to
the concentrate water, but instead, pass through the anion exchanger
havingahighconductivity. Inthisprocess, whenfreecarbondioxide

is dinciuded in the concentrating water flowing through the
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carbonate ions and hydroxide ions f |ow ng through the
ani on exchanger to form bicarbonate ions. The
bi carbonate ions are finally discharged into the
concentrate water on the anode side of the anion 5
exchanger. Because cal ci um bi carbonat e, and magnesi um
congenty % © Far s IekeFI D j¢eofepghs with the
cal ci um carbonate and magnesi um hydroxi de, generation
cagforsds eensinfiny dree icdencans £hovhgd chapbeh theaanben exchanger
inhibited. In addition, the bicarbonate ions rel eased
to | fivem theaatroentr atensat errheecdst savibdria twdriogen aonsfinally
whi ch have passed 10 through the cati on exchange

diW@Eiﬁtemﬁéﬂ@oﬁbbﬁfréké&vé&ﬂ 8hnd BRBAEHNANGF the anion
di oxi de. The free carbon di oxi de thus obtai ned can

exc\?lmﬁlat%{]bef.ea%g%kg LIE £3h BANALS Jnake ARE Y G @S bonate

In the ion exchanger downstream of the

c trafi [ ' cqrdin .
¢ PRE WetsEH O P B Bl D KRB S b P S B Ppgmesdum
i ch may otherwi se gccur_within the concentratin

hy e T AE AT O Bk R Ho BIare IR 158 Ling chamber
al l eviated. According. to a second aspect of the ,

camppes eRf P hyRAL i It atj%éFéonir stip? Bicge®oRq tepk oagi i sAsed into
wat er produci ng apparatus conprising, between an

the s ceiaster vAARSE nEe et antde Avdradeat hode whbdlbdiave passed
having 20 a cathode, a desalination chanber in which a

thsoweh ey dalieé canedehangedeamnbranedf bym aphamdrer side to form
exchange nenbrane and a side near the cathode is

fréerarbaheti di de .carthent ¢ hapgen nendyiaket hasdbaxained can then
concentrating chanber in which a side near the anode

red St 8B Gateda APh i tCati il e ande SaY arRsaRd tdin the ion
side near the cathode is demarkated 25 by an anion

QXW%DEEQPEQQI% Andp whigh concentat g chamiel +i s Qanner,

a mxture I on exchanger "of an ani on

acc%(fgfr{getro %rlll%saaspect of the present invention, a shift in pH

which may otherwise occur within the concentrating chamber near
the anion exchange membrane can be alleviated.

According to a second aspect of the present invention, there
is provided an EDI deionized water producing apparatus comprising,
between an anode chamber having an anode and a cathode chamber having
a cathode, a desalination chamber in which a side near the anode
is demarcated by an anion exchange membrane and a side near the
cathode is demarcated by a cation exchange membrane, and a
concentrating chamber in which a side near the anode is demarcated
by a cation exchange membrane and a side near the cathode is demarkated

by an anion exchange membrane and which concentrating chamber is
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cation exchanger. Water having free carbon dioxide is
supplied to the concentrating chanber. In the second
aspect of the present invention, because a cation
exchanger for supplying hydrogen is 5 mxed with an

. i,on.excha t.and.the m re_exchanger.is use to

£ B S b2 D PR B REr cOFoRE RbsPRoEErpangR= and 2
t.he anion exchanger gecone ree carbon di oxide before

catins SREARBBRAL o 1FRF PASARR 1FRP CHUIH gxehafgers yradied to
action of hydrogen ions supplied fromthe cation

thee comasiénr adidJachapbegdasel | Bpe shecrdnesperht ef 1bhe present
wat er. Because of this, it is possible to prevent an

inviemgrieas e biegaugec ancentipat ednghehgkreéocashppldiogi dedrogen is
near the cation exchange nenbrane and to alleviate

mixedf Wiehces wpabnt Bechdabetyafll the mieated ewBh&hger is used
According to a third aspect of the present invention,

to i1k Sthd 2rRhefer,abhe ﬁf@éﬁbdﬂhﬂéﬂqoﬂsw@wﬁ? Hrdlh the anion
first aspect of the present invention, in the

N0 eh 1i.Sh :
o e R T e L es PR PKREEe sons
S

t perpeati ng .mat erial which_doe t have a.stron .
£ AR FRBT RO AT o i SChT 00 G isehse LPAg Stpplied
ani on exchanger and the cation 20 exchange nenbrane.
Erofe COEdiRE 100 CREDERPEY 38Pebteof LRESFFedBRP the concentrate
i nvention, because the anion exchanger does not cone .
watigy .coReaausehet cdtion ldxéRapgesibabraier§enithén increase in
concentrating chanber, the concentration of the free

a2 aradgort witdxirde Indaeet karbani dacaxdkangernehbr gatidoesxchange
not 25 increase, and thus, it is possible to prevent

mentegiradand a of 1quahis i nfluehcebeupsreahedywaliary of the treated
Specifically, because a water perneating

water.

According to a third aspect of the present inventiocn, it is
preferable that, in the structure of the first aspect of the present
invention, in the concentrating chamber, an anicn exchanger is
provided on the anode side of the anion exchange membrane and a
water permeating material which does not have a strong basic anion
exchange group is provided between the anion exchanger and the cation
exchange membrane.

According to the third aspect of the present invention, because
the anion exchanger does not come in contact the cation exchange
membrane in the concentrating chamber, the ccncentration of the

free carbon dioxide near the cation exchange membrane does not

increase, and thus, it is possible to prevent degradation of quality
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. material having no strong basic ani on exchange group
is provided on the side near the cation exchange
menbrane, the bicarbonate ions noving fromthe anion
exchanger cannot further nove to the side 5 near the

. 2GR LR L 08 MELEE BELTELDG, coating

and beconme free carbon dioxide. This free carbon

matf5ha d&ave ngi PPUSEECRS PHeldombe el adiTh @ ikiurch ishprovided
concentrate water f |ow ng through the water

on peenerde mgarmphecdadlionaadchhnge mambrsngosshblleldaxrbonate ions
prevent the concentration 10 of free carbon di oxide

moviram 418t easd kG ikeAk idhene@ld eAnexeha@ngeheeMBian€o the side
According to a fourth aspect of the present invention,

nedd the cemlefrﬁé@@hsngaaﬁemafhrtehstsgﬂéi%%% S e 88¢0Rderial,
aspect of the present invention, the m xture ion

anchcﬁ!%a'}%ﬁeaseldl ?go nwtzﬂetgﬁl&qn&ftﬂ{zgrﬂ%ép%r?c? %I}%%e;fﬂe% carbon

mxture ion exchanger In percent age o

cat xch nger is, increase e sjde near
o G o TS DR R BT ARE ST LheTU et s AiRggoTnetrean
e, According . to the fourth a ect

2 LGHER b ChAJRISOH LHUF WU £ SR BI ERE R aiece permeating
identical to those in structure of the second aspect,

matftidiise alte tBuroerdttade T ssrildise t@nu%ﬁ\f@kl@héﬁ@epoapentratlon
the side near the cation exchange nenbrane is |ow,

of tfheee arrcsmin atlicoriaef firtven fimew eearilngn ndiagxitdte wedrnonhexchange
cati on exchange nenbrane can be nore reliably

meniechiced. According to a fifth aspect of the present
invention, it is preferable that the water to be

suppld@tdindg he §aman akbegtchardigy prédeh@sidvention, it is
concentration of free carbon dioxide of 0.5 My-C02/1 -

pr@@é&lé\@n@ﬂﬁ tHO & 8f % Rrel 4 £ kPRSI 8sbOcHSE th@bresent
exanp e, water

invention, the mixture ion exchanger filled into the concentrating
chamber is a mixture ion exchanger in which the percentage of cation
exchanger is increased from the side near the anion exchange membrane
toward the cation exchange membrane. According to the fourth aspect
of the present invention, in addition to the advantages identical
to those in structure of the second aspect, because the percentage
of the anion exchanger at the side near the cation exchange mempbrane
is low, the concentration of the free carbon dioxide near the cation
exchange membrane can be more reliably reduced.

According to a fifth aspect of the present invention, it is
preferable that the water to be supplied to the concentrating chamber

has a concentration of free carbon dioxide of 0.5 mg-C0;/1 - 200

11
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pretreated with a reverse osnosis nenbrane in which

tap water or industrial water is roughly desali nated.
According to a sixth aspect of the present invention,
there 5 is provided an EDI deioni zed water producing

ratu ED copprisin bet ween an anqde chanber
n9 {4 g APPSOt and. %5tﬂ%ﬁ§lb£:ﬁaﬁBePsﬁav$ﬁ§ gxample, water
cat hode, a desalination chanmber in which a side near
Preteahsi itd deNBFSAEBdOBYORRS ANETBIF D hahgd idntFeaneater or
and a side near the cathode is demarcated by a cation
indayedtraidge wadrehy dise, rol@hdyd desedrncertedat i ng chanber
having a side near the anode demarcated by a cation

exciauge divgbrane, s ixtsi depeeas ofhehe as hosienlanpregatieth, therxe
by an ani on exchange nenbrane, and the anode side of

is {PEoRNEON axChaigede IBADE8RCwhe ekl Id . Mty 8B 80 QPus  (EDI)
exchanger. Pipes are provided and “connected such that

conﬂﬁasfi%,"\@%%(«regk Qndagféclﬁfé)i%ﬂggngér té@rflg? %r&'xoghgag &éd a cathode

upstream of the ED oni wat er oduci ng

apparatus is introduced.  i.nto,a feed pipe . of the ter .
ch I NAaRed by LRGCEDT det Oht B ORer T T bdub g Ch & side
apparatus and the water to be treated by the
neajoddhGRRCEr 10 FBALFS PR PO AN 51t Gk piggbrgmne and a

. concentrate water of the EDI deicnized water
siG5 H&AEI RS fGRfdiedauds genaceated iy eocat ey aitdhangseaembrane,
of the present invention, there is provided an ED
andjai evn gt yeilt Wty ghetbeirneg apparas ide gumepr EBemyjode demarcated
bet ween an anode chanber having an anode and a cat hode
by ehambéonhavthgnga matdhdes, a désal heat i dne carele demarcated
whi ch a side near the anode is denmarcated by an anion

by &% ehdbge: MRHN ffehibith e ShH8 theadnddes 28¢ e&t11eni Sn exchange
demarcated by a cation exchange nenbrane, and a 12

merfNGRNG Eafd N0 & RANPEAn i2h 1WAl ERcRagbE8. NealLdNgraNdde i ded and
i's demarcat ed
connected such that treated water of a decarbonator device provided
upstreamof the EDI deionizedwater producing apparatus is introduced
into a feed pipe of the water to be treated by the EDI deionized
water producing apparatus and the water to be treated by the
decarbonator device is introduced into a feed pipe of concentrate
water of the EDI deionized water producing apparatus.
According to a seventh aspect of the present invention, there
is provided an EDI deionized water producing apparatus comprising,
between an anode chamber having an anode and a cathode chamber having
a cathode, a desalination chamber in which a side near the anode

is demarcated by an anion exchange membrane and a side near the

cathode is demarcated by a cation exchange membrane, and a

12
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by a cation exchange nenbrane and a side near the

cathode is demarcated by an ani on exchange nenbrane,

and which concentrating chanber is f iled with a

m xture ion exchanger of an ani on exchanger and a

cati.on . 5 exchanger.. Pipes.are ovi ded, and_ connect ed

cor i vy FRAREEE it P Itr e o IR inslBr f8 8 GEmarcated

rovided -upstream of the EDI deionized water |

by %Fé&&@P@‘%‘ﬁﬁ&@ﬂ%&bﬁa&ﬁ APH GFI AT 518 TP s prdeprroated
water to be treated by the EDI deionized water .

by ghoduépPhgesppairds rempignehangaye ch cycartazd e yghamber is
t he decarbonator device is introduced 10 into a feed

filmdeibh aconreute diom swtkanoér pieaEbhidei @nilzethewmbed a cation
produci ng apparatus. According to an ei ghth aspect of

exdHehgyeseptipeB\art p odividéd and qgureferal] suthahat tirddited water
EDI dei oni zed water produci ng apparatus according to

of the oMt rsPeelvitle HheRHRIENHsitREaRL b@Nthbh@DI deionized
m xture 15 ion exchanger in the concentrating chanber

wai{%e?)r@dﬁtcﬂﬁgxé]ﬁ%’:ﬁger ergseﬁnt.ked}ﬁ/reieahi &%;:fggﬁ?}g%@ﬁ%: water -

cation I NnCreases om the
ni Qn_exch e ne toward. the cation exchange

0 B AR aF APnE L i P4 Atk U Beppyacus and

invention, there 20 is provided an EDH deionized |,
thetadeptod e hgeappar By usPe dffd RMP Lo hetsVd&F ay introduced
_anode_chanber having an anode and a cathode chanber
intaa nkped Ridtshode coacgaddiatfaricde o ikdntbde ERTwkiedpna zed

side near the anode is denarcated by an ani on
wagheohangeluremiyr apeaaadus.si de near the cathode is

demarcated by a cation exchange nenbrane, and a 25

congetddmitimy tehambet ghonhwhsplca sf dehagareddre: dmodetion, it

is demarcated 13 by a cation exchange nenbrane, a side
is ReRfhe1eat HRde s tdemnt ae8®nized water producing apparatus
according to the seventh aspect of the present invention, themixture
ion exchanger in the concentrating chamber is amixture ion exchanger
in which a percentage of the cation exchanger increases from the
side near the anion exchange membrane toward the cation exchange
membrane.

According to a ninth aspect of the present invention, there
is provided an EDI deionized water producing apparatus comprising,
between an anode chamber having an anode and a cathode chambex having
a cathode, a desalination chamber in which a side near the anode
is demarcated by an anion exchange membrane and a side near the

cathode is demarcated by a cation exchange membrane, and a

concentrating chamber in which a side near the anode is demarcated
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by an ani on exchange nenbrane, an ani on exchanger is
provi ded at the anode side of the anion exchange
menbrane, and a water perneating material having no
strong basi ¢ ani on exchange group is provided 5
by WaSh L.Q %Qg.e%%%% s s%'&% AL, Gl ?Qtﬁé&@%gcﬁemamated
rane tenth aspect o resen
b nve Ny ﬁ ovi ded an EDI delonlzed ded at
Y SPoaﬂéPHg 5}5 3‘?%%&@? FHRT c D (e T SEFEARICT 1$%pEovided a
decarbonator _device is omtted and perneate water of _
thegapedp sddehbif SR AARARES MEBPTE NG ratd Ry alsagrggmeating
the water 10 to be treated and water to be supplied to
ma tielrd adohegntganpngt chmapbersic tarel dEDle xgdiamsiez gd owat és provided
produci ng apparatus conprising, between an anode
betchambehchaviing axcanoderanddatbat hadéonharbbanbavinagbaane.
cat hode, a desalination chanber in which a side near

t he paRQARIING tdelGalred shikcNoant 9 ExGage nfRARL3AE there
and a side near the cathode 15 is separated by a

is gggﬁﬂﬂkﬁﬁ%ﬂﬁﬁﬁﬁ %%qgﬁﬁa%da@gtﬁg'%Qoﬁ@%ih?gaﬁﬂﬁkbtus in which

al 1 nati on chanbers separated by an infernedi ate ion

thee%ﬁ 20dEm H%Q’%@Qr‘?a 59"&&%%{%""8%&%8 %%%&%“é@“%ter of

rane an |on exc rane
concentratln cha i n whi.ch a _si.de ngﬁg 3 ano

2 S RS By A TEAEr S SEXCREnGE RS 2230E8e water

20 near the cathode I S arated by an anion exchan e
to RE ke RARY i h tPLT SPPBALGRTP A ST TAT 1NG chamber,

exchanger of an anion exchanger and a cation
theeFdHarmferon AGEsO MALTY B oalv cdPey eRPATASPEC EOBPTLRENg, between

present invention, there is provided an ED deioni zed
an\mnqﬂe;nhnmhanuraapgaramugnpmewhmdha zethheeupbpmbgm having a

decar bonator device is omtted and perneate water of
catlibde r @veeselongnsba oeabbaneirdeviicd bssildeearddy Wsednode is

as water to be
demarcated by an anion exchange membrane and a side near the cathode
is separated by a cation exchange membrane and which has two small
desalination chambers separated by an intermediate ion exchange
membrane provided between the anion exchange membrane and the cation
exchange membrane, and a concentrating chamber in which a side near
the anode is separated by a cation exchange membrane and a side
near the cathode is separated by an anion exchange membrane and
which is filled with a mixture ion exchanger of an anion exchanger
and a cation exchanger.

According to aneleventh aspect of the present invention, there

is provided an EDI deionized water producing apparatus in which

the upstream decarbonator device is omitted and permeate water of

14
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treated and water to be supplied to a concentrating
chanber, the EDI deionized water produci ng apparatus
conpri sing, between an anode chanber havi ng an anode
and a cat hode chanber having a cathode, 5 a
desal i nati on , chanber in which a side near the _anode is
A IEYELSEt BAMOBYS AFCTRINT T é%?éﬁ&?gésnéﬁﬁﬁgﬁéya‘h%le% &f d@ter to be
near the cathode is separated by a cation exchange
trepdifist amg aagenhtehbaasupmbl sheld ad@saldendtriaging chamber, the
chanbers separated by an internedi ate i on exchange
EDIeabranzepwateded odvetiwgeappdea and onmpxthange bemieeane, anode
and the cation exchange nmenbrane, 10 and a

ch#ife Hawliggre hardder aind Whicelhadel daamear hheiagodecathode,
is separated by a cation exchange nenbrane, a side

a d26an ihRei6at bRsdeLd s SERRLAhEY s AR-3NERD Sx&hange separated

nmenbrane, an ani on exchanger is placed on the anode

by gl’ldc\%i%fn éQ&qa‘?}{%eoﬂeﬁﬁgE%Q%%dr@g?ﬁgl}leea lqe %tt%ro.de is separated
p g naterra

erneatin avi ng no strong basi c anion

oy B ERan e AR EROF BCeA Aas mEAEr A hah fesalination

t hese EDI dei oni zed water producing apparatus, it is ,
Chagiegi HFeP? 62 Foff PRI nppFir & #Et ABH TS \ss BRIIpgR P rovided
EDI dei oni zed water produci ng apparatus as descri bed
betatrarethe anpantaxaiiagge nemb zanEpnd dbiectd tZah sackange membrane,
produci ng apparatus having a desalination 20 chanber
andw chnteo tsaii hgddsalbenatn enichaetsnsepahateetdy/iaseparated
i nternmedi ate i on exchange nenbrane provi ded between

by Bheaand®r xdxehangeneahe are sadd ddwer calel oatksebangeeparated
menbrane, it is possible to omt the pretreatnent

by decanbonad orndeyd eRdIANLY HEtdheh REIBALR r WAl ETa®dd on the
the reverse osnbsis nenbrane device directly as the

andR & f J©0 hR tarn‘éb%tne(éx%%n\ﬁj%t ﬁfe_m@a‘%a?x%,sgﬁal ladeto p(e?ﬁeating

concentrating chanber, 15 reésulting 1n a reduction o
maéé%%éﬂlﬁgdi % %%S%trong basic anion exchange group is provided
between the anion exchanger and the cation exchange membrane.

With these EDI deionized water producing apparatus, it is
possible to reliably apply a method for operating an EDI deionized
water producing apparatus as described above. In particular, in
an EDI deionized water producing apparatus having a desalination
chamber with two small desalination chambers separated by an
intermediate ion exchange membrane provided between the anion
exchange mempbrane and the cation exchange membrane, it is possible
to omit the pretreatment decarbonator device and to use the permeate

water of the reverse osmosis membrane device directly as the water

to be treated and water to be supplied to the concentrating chamber,
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BRI EF DESCRI PTI ON OF THE DRAWNGS Fig. 1 is a
schemati ¢ di agram showi ng an EDI dei oni zed water 5
produci ng system according to a preferred enbodi nent
of the present invention. Fig. 2 is a schematic
di_agram showi ng an EDI deionized water producing
resgldtl@g ddcGr dieRycitd oanefhdnsprdilation embsdi ment of
the present invention. 10 Fig. 3 is a schenmatic
di agram showi ng an EDI dei oni zed water producing
system according to still another preferred enbodi nent
of the presemRrIEmeRSCRIPTRON. OF THEADRGAENBE C
di agram showi ng an EDI dei oni zed water producing

Systamm.agcos & BEnbAYEE ANOLREE RSl 8 BIPQAIMEN ed water
of 15 the present invention. Fig. 5is a sinplified

priﬁo &Qﬁbg@?&ﬁ%&é%fﬁﬂ%%EHEfRQEf@?ré@eqé%ﬂf§§&§ng9&§Eresent

uci ng appar at us accor gto a preferre

. _.emhadi ment of the present invention. Fig. 6 is a
inven

St ed di agram showi ng a structure of an EDT 20

dei oni zed wat er producin _qggaratus_accordin to .
anot'H&r grje?@rlsg °Ma b 5T+t 2T SRy sy 8B ek deionized water

invention. Fig. 7 is a sinplified diagram show ng
Profhistiier SgR&RPI @CCRY¥ALRY Ure spotiegonee era@ﬁr@nm&mt of the
25 DESCRI PTI ON OF PREFERRED EMBODI MENT 16 [ Exanpl e
prestenictiurverdfican EDI dei oni zed wat er produci ng
apparatus] An exanple structure of an EDI deionized
wat ériqar Gdusiangcappatatusi st draldieWiorg H8eEDD deionized water
preferred enbodi nent of the present
producing system according to still another preferred embodiment
of the present invention.

Fig. 4 is a schematic diagram showing an EDI deionized water
producing system according to yet another preferred embodiment of
the present invention.

Fig. 5 is a simplified diagram showing a structure of an EDI
deionized water producing apparatus according to a preferred
embodiment of the present invention.

Fig. 6 is a simplified diagram showing a structure of an EDI
deionized water producing apparatus according to another preferred
embodiment of the present invention.

Fig. 7 1is a simplified diagram showing another example

structure of a concentrating chamber.

DESCRIPTION OF PREFERRED EMBODIMENT
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invention will now be described referring to Fig. 6.

Bet ween an 5 anode chanber 32b havi ng an anode 37 and

a cat hode chanmber 32a havi ng a cat hode 36,

desal i nati on chanbers D, each of which has a side

near. the anode 37 separated, by an_ani on exchange
[Expewpprafbragtare of ady §Tndaiobheed ataicte psf@déléa&ﬁa@%aratusl

by a cati on exchange nmenbrane 33 and concentrati ng

chadberesagipleeadirioftune ¢if s BPEidelorbred waher producing

anode 37 separated by the cation exchange nenbrane 33
appaitttas sutlealbkarfdreseairhader Ste sepd caibed iy nthef amicopresent

exchange nenbrane 34 are alternately provided. An

1m}é9ﬁ§.rorp%r1tl'loﬁo§&f pthgcdesabiAaté por-£ Hid s d.i | bedween an
an anion ion exchanger A and a ITower portion of

ano ngﬁl%f @@ﬁo’ Q cga%h é 39 ér?‘d fa' éa!terﬁjod'é [:Haﬁ er 32a having
? ang ﬁ

ure ron exc |ch an ani on 1on exchanger
a, cation, iQ hang . t ther .
a %%dea%séfdge&éqﬁw@%&aﬁcgﬁtafnéte.rﬁg Ko hsabl bATRAlR prg = sice
anode is separated b e cation exc menbr
neagy the &ngeeo tﬁ@Paeaﬁe%%a%re r@l%@a@g@ﬁ%ﬁﬂ%ﬁﬁ@e 34 and
cathode is separated by the anion 20 exchange nenbrane
a s3gle @ﬁértWR?(ﬁ%ﬁ?@ﬁﬁréﬁl?@?%ﬂﬁﬁﬁﬁéFHGQ ¢ation [SFhaggenmgmbrane

m xture ion exchanger of an anion exchanger and a

33 catd orenasvdirarigara Chlebiens edohaagér ofo whe chi hired ai gide near
the desalination chanber Dis not limted to those

thepaeidd Al |9emasdrddéd abeyveatdnt mxyeha2§e membrane 33 and a
alternatively be only an anion exchange resin, only a

siddticldt exehaageodd I@Heparditenby B8h&l aiibe dx@hange membrane
exchange resin, depending on water to be treated. In

(éhfg?ﬂé%%l§1§}545mignt is applied between the

An upper portion of the desalination chamber D is filled with
an anion ion exchanger A and a lower portion of the desalination
chamber D is filled with a mixture ion exchanger in which an anion
ion exchanger and a cation ion exchanger are mixed. On the other
hand, a side of the concentrating chamber 31 near the anode is
separated by the cation exchange membrane 33, a side of the
concentrating chamber 31 near the cathode is separated by the anion
exchange membrane 34, and the concentrating chamber 31 is filled
with a mixture ion exchanger of an anion exchanger and a cation
exchanger.

The ion exchanger to be filled in the desalination chamber
D is not limited to those specifically described above, and may

alternativelybe only an anion exchange resin, only a cation exchange

17



10

15

20

25

36 and the anode 37, water to be treated is supplied
froman 5 introduction line 41 for water to be
treated, and concentrate water is supplied from an
introduction line 45 for concentrate water. In
addi tion, cathode water and anode water are supplied
regiggpeat mélyya figvuge ienr e4GbENER FEAén47depending on water
cat hode water and an introduction I|ine 47b for anode
to waet ¢rreab@dlhe water to be treated flowng fromthe
introduction line 41 for water to be treated fl ows
dowrrt Be@cHES dkiviakl, o DehatheenD id Apphiel HaPuEdh he cathode
ions are renoved while the water to be treated passes

36 ti}{c@ugﬁ'etgﬁoﬁb' led Lawens of theraphergexchangsli AdNrom an
m xture ion éxchanger M and dei onized water is

1nt%cﬂi&%_dm1f LALLM gﬁ? v?a{(ﬂé LtI 4t4i:ea%r fdlgeélq '(.zc%de%rate water

e concen rate wa OWI ng

I ntraduc n line. 5 for conc ntratin mater s
S \BRAISY (SR A dreaRET Rt iRg daods ot SRACPBLERGEsvater-
within the concentrating chanber inpurity ions noving
In pAfebyANt it LoRricorn 5k RRAGE AftbE Bt 235 fa?ﬁp%ﬁ%aﬁﬁpectlvely
t he ani on exchange 20 nenbrane 34 and inpurity ions
framennin tredughiahé imexd Ta €oronathedangdrer 89d aFhéntroduction
concentrate water is then discharged froman exit |ine
lirkd 4forfaxorcerte atateg .chanber as concentrated water in
which inmpurity ions are concentrated. Moreover,; the

cat moge waatear thl pwi Pgedtom £ hewimy rosuetiten intiedutsion line
47a for cathode water is discharged froman exit |ine

41 4J‘§ﬁ: i Gathode L8uBLar r ahds tdeyanade aafar fdtawWm@hamber D
fromthe introduction line 47b f or anode water is

1n3@§ﬁﬂ? qgglop 1%Bseéké LEREvAaBnI 10 N Qde MAl®) be treated

rations, inpurity ions wthin the water
passes(%hrough the filled layers of the anion exchanger A and the

mixture ion exchanger M, and deionized water is obtained from an
exit line 44 for deionization water.

The concentrate water flowing from the introduction line 45
for concentrating water moves upwards in each concentrating chamber
31 and receives within the concentrating chamber impurity ionsmoving
through the cation exchangemembrane 33 and through the anion exchange
membrane 34 and impurity ionsmoving through themixture ionexchanger
39. The concentrate water is then discharged from an exit line 46
for concentrating chamber as concentrated water in which impurity
ions are concentrated.

Moreover, the cathode water flowing fromthe introduction line

47a for cathode water is discharged from an exit line 48a for cathode
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treated supplied f romthe introduction line 4 1 f or
water to be treated 5 are electrically renoved and
dei oni zed water fromwhich the inpurity ions are
renmoved is obtained at the exit line 44 for deionized
water. In addition, concentrated water in which
watiglp@nidt $heoasodeewatencEhtwiate frsomohitai ned dodu@pilRe line 47b
exit line 4 6 f or concentrated water . The EDI dei oni

forzedowatvert qif 08 ULi ShARRA Frum MK xakt Eizﬁl@tclls\bekbﬂr abdRevater.
fornmed in a conflguratlon as shown |n F|g 5.

strygtyr en8ke Gdesal bnal t d?} anese %@%%n the water to be

configuration i's descri

A SO0 PR, L e

desal atlon c rs.D and concentrating
TP ot Losh BT D RAPBL o POt DB aER e Lrpurity

. _anode chanber 32b having an anode 37 and a cat hode

1ONGhARD ELMPYE s ORG24 nEst Mo b el Ainkel HEsaldaiatiiored water.
chanber D, a side near the anode is demarcated by an

In aﬁﬂéhtéﬁahaﬁgéuxﬂﬁnbﬂaﬂb 84tand in swlécheaimpheity ions are
cat hode is demarcated by a cation exchange nmenbrane

cor3@ntand et heobdesaheddticant chaxherl D oaFoirsesndavt 20 ed water.
smal | desalination chanbers d, and d2 separated by an

|nt&mﬁadlﬁﬂelohﬂBe@%&hﬂﬂgprﬁ@ﬂ@I@@%p%%rﬁ%ﬁ%hﬂﬁﬂalternat1vely
bet ween the ani on exchange nenbrane 34 and the cation

be Q%&ﬂ@@ggn”8”96ﬁ9§g§§atantQ@ ot bex ﬂ§QQh i the structure of

concentrating chanb 1, a side near e anode

» aSEpel el PlotleeS ﬁéﬂf?l%d%ﬁs PATEOPLG R R comancse
h 34 19

o e A PR R 33 E 0, B8 on OBReRaRgEP "o of"aﬁ °

anl%ﬁﬁl on ex%han er. and_a catlon i on exchanger.

sho f}?‘i%“ oot #7 BRIGELeng zes Waat%%%?qhﬁ%wq)ﬁpparatus

chanbe
10a, desalination chambers D and concentrating chambers 31 are

alternately provided between an anode chamber 32b having an anode
37 and a cathode chamber 32a having a cathode 36. Inthedesalination
chamber D, a side near the anode is demarcated by an anion exchange
membrane 34 and a side near the cathode is demarcated by a cation
exchange membrane 33, and the desalination chamber D comprises two
small desalination chambers d;, and d; separated by an intermediate
ionexchangemembrane 35 providedbetween the anion exchange membrane
34 and the cation exchange membrane 33. On the other hand, in the
concentrating chamber 31, a side near the anode is separated by
the cation exchange membrane 332 and a side near the cathocde is

separated by the anion exchange membrane 34, and the concentrating

19



10

15

20

25

D, is formed of a first small desalination chamber d,

and a second 5 small desalination chanber d2 and a

desal i nati on chanber D2 is fornmed of a first snal

desal i nati on chanber d3 and a second snal

desal i nati on chanber d4. Simlarly, a desalination
chapfrenb&rl B3 £sllédrwedhod mifiuss isoraldxostesrldmad ©F an anion

chanmber d5 and a second small desalination chanber d6

iorArGkchadRe iahat iz0rathambebnDdxicsahgered of 10 a first
smal | desalinati on chanber d7 and a second smal

desald fiat) €0 %%@Er%r%ﬂk%&g tg]eaEcgésadf foendchamber
wat er produci ng apparatu per at’e
is. [ t 3
o: 5 ol o, 3@?59 PR Al e g S% HHt Resecond
%ﬁ;}ntr duc%lon g 41 for mater to be treated,
Smal eRt T B bk 6P an STlAY BFTFDM el SThERBHEeE R s formed

line 45 for concentrate water, and cat hode water and

of aodd Iwdt e¥nakle dappLiBatiespsdembelry dr oamdt be second small
introduction |ine 47a for cathode water and the

dedadtimeducti chambemed4.7b Sfiovi lamdde watiesal Thet ivih echdntber D; is
be treated supplied from 20 the introduction line 41

forferd wit erf ixsthenizleatedal i aus igawhdhesr sCOHME SRlIdond small
desal i nati on chanbers d2, d4, d6, and da and inpurity

ded0nN A1 erByBd W Le gt Begded BInd10i e dn-edfsd D%’_aisss &3rmed of
through the filled |ayer of ion exchanger 38.

a £ Ot sehage c‘ﬂ@gﬂlrﬂiﬂle rpghéﬁﬁg}:‘@ alnt0h§ s&ohdl 4081 @éeggilnatlon

treated water of second desal|nat
Ch%%ﬂ@ﬂb%ﬁ.ls i ntroduced through an |ntroduct|on line 43
or water 20 to be treated of the first smal

cethneind AT chTobleel dolos SERACORIL T B0 10a 1o

flows down the first small desalination chanmbers d
oquitegggsaﬁallows. A DC current is applled between the cathode
36 and the anode 37. Water to be treated is supplied from the
introduction line 41 for water to be treated, concentrate water
is supplied from the introduction line 45 for concentrate water,
and cathode water and anode water are supplied respectively from
the introduction line 47a for cathode water and the introduction
line 47b for anode water. The water to be treated supplied from
the introduction line 41 for water to be treated flows down the
second small desalination chambers d,, dg, dg, and ds and impurity
ions are removed while the water to be treated passes through the
filledlayerofionexchanger 38. Thedischargewater flowingthrough

the exit line 42 for treated water of the second small desalination

chamber is introduced through an introduction line 43 for water
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d7 and inpurity ions are renoved when the water to be
treated passes 5 through the filled |layer of the ion
exchanger 38. Deionized water is thus obtained from
the exit line 44 for deionized water. The concentrate
water flowing fromthe introduction line 45 for the

to denEsarEati ¢y thet SR rabvesa Lbwersd timedugn ehenber to the first
concentrating chanber 31, receives inpurity ions

smabvilagal bnaujbn thembatrsah, ek¢hngadld; .meThe ane 33X @bd treated
t hrough the ani on exchange nenbrane 34 and inpurity

£ 1dRNSAd@Y I e thinGghrddie idse%6Raneer cMatdbar<t ke, d;, ds, and
concentrating chanber as will be described later, and

d7 %ﬁg%ﬁ&hﬁfﬂﬁ%ﬁé%é here¥kh wﬂléﬁ%h%ﬁ%%@é}:%ﬁgnﬁf@g{%@ passes

er as concentrated water in whi mpurity ion

thrtacﬁggl"i:%%%egii?ggdlﬁ)?egregﬁgﬁétihoqg%x taglrge\%;?glfi ie[geifcgnoinz]ed water

I ntroductron or catho

., di,scharged fr the exit l,ine 48a for_cathaode water
L5 RS HP NS Wl T Firim 4hd At ddindtaesh Water -

line 47b for anode water is discharged fromthe exit
| i nefironsenikade vater. Lig1ing Hesa sperkptppduction line 45
impurity ions within the water to be 20 treated
foxtppl ¢@erdntom ting Watesduystdonprang thrdugh sackcangepdrating
treated are electrically renoved and dei oni zed wat er
chdmlpsr b ale cieligreisnipuyni it v i ons mareéngerimvedyhcane bet ion exchange
obtained fromthe exit line 44 for deionized water.

methibr 26361 ORa (GORARIM taé%mreéxbnamlﬁéeﬁerﬁmﬂé BY &@dSmpurity
are concentrate is obtained fromthe exit line 46 for

1oRONEERL F At e ¥REET thdSibA thenERLedeL,9RhZad YRt &oncentrating
produci ng apparatus of the present 21 enbodi nent, by

cnbpbld 18 10090 RLO0-GHChAGE (i SEOAULAITG crop oo exic
lil\é%g-géij‘;oo %%ﬁc%rﬁlgz%gdgfggﬁs\ﬁ%g ’g%d%?eccf)riléesﬁt?g?écli water in which
impurity ions are concentrated.

The cathode water supplied from the introduction line 47a for
cathode water is discharged from the exit line 48a for cathode water
and the anode water supplied from the introduction line 47b for
anode water is discharged from the exit line 48b for anode water.

With these operations, impurity ions within the water to be
treatéd supplied fromthe introduction line 41 for water tobe treated
are electrically removed and deionized water from which the impurity
ions are removed can be obtained from the exit line 44 for deionized
water. In addition, concentrate water in which impurity ions are
concentrate is obtained fromthe exit line 46 for concentratedwater.

In the EDI deionized water producing apparatus of the present
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and d-7 receiving the water exiting f romthe second
smal|l desalination 5 chanber as the water to be
treated with a m xture ion exchanger, it is possible
to renove silica, carbonic acid, or the like in both
the second and first small desalination chanbers.
eniBubiaise ,ofoxt Hiislling witlpoysidheon oesohfnge epheéysercent small
water to be treated which contains, in a large
de g laiparttiicon, chaed@le racidd, canpaki t andsdsueh was 8i ltheawater to be
carbonic 10 acid which are difficult to renove. As a

trdasdd Flolk 48d RISSIERREt $Ma PIMde AWM BhakBers d,, ds, ds,
decar bonat or device for reducing f ree carbon di oxde

and@§; 2B:HPSEHEANS &%P@Qﬁtghgt%ﬂe %%%?Z%?%?Hggalination

produci ng pparatus. Int EDI der oni ze

oduci ng,appatat us_sho in Figs., , 15 5 and 6.

s i BaE e, R BT vt T i Mer e fiory ggehanger,

.. wWith the mxture ion exchanger 39. The naterial to .

1t f8 PO AEPER e RERAV Pyt L kfRmbrérPsD icsaChdneitet enbt ke in both
limted to the m xture ion_exchanger. For exanple, it

thg gegpsg ubdilbpE 6 hprsplanebhpn qiveaiess -as Bshawae of this,
in Fig. 7 in which an ani on exchanger 62 is provided

it paprheibhode R &ialerdfl tt tree aihivohe exolangee aterdrhaheh 84ntains,
and a water perneating material 60 having no strongly

in basirgeam gvo exthrangeagraaipl ¢empsovt deds batweansilbea carbonic
ani on exchanger 62 and the cation exchange nenbrane

ac# whildt e @RFraluar B! Befbvbn and id StedmlN0d 0f s possible
operation, in an EDI deionized water 25 produ0|ng

to BRPALAIMS NV H8+ hBYIMNBED A 1088, LhawBer DA MY ARee carbon

anode 22 and a cathode chanber having a cathode, "a
dlcg?dseaglsnﬁ h?gagggﬂbcexreéﬂ?nen%bf t?:h% ﬁbfj%ir%g%%rl ztetelewg{]&gf)roducing
I'S demar cate y an ani on exchange nenbrane and a
apside near the cathode is denmarcated by a cation

‘e menbr ane

In the EDI deicnized water producing apparatus shown in Figs.
5 and 6 described above, the concentrating chamber is filled with
themixture ionexchanger 39. Thematerial tofill the concentrating
chamber 31 is, however, not limited to the mixture ion exchanger.
For example, it is also possible to employ a configuration as shown
in Fig. 7 in which an anion exchanger 62 is provided on the anode
side of the anion exchange membrane 34 and a water permeatingmaterial
60 having no strongly basic anion exchange group is provided between
the anion exchanger 62 and the cation exchange membrane 34.
[First operation method]

In a first method of operation, in an EDI deionized water

preducing apparatus having, between an anode chamber having an anode
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and a concentrating chanber in which a side near the
anode is 5 demarcated by a cation exchange nenbrane
and a side near the cathode 1is demarcated by an anion
exchange nenbrane and which concentrating chanber is
wi.ith an ani qn exchanger on the anode si de of

il
anﬁ%'r?ecggﬂpz;ﬁ SRR NEMst aneatharer @dH¥ HiiRt ¥ereghanber in

carbon dioxide is supplied to the concentrating
whicHuaisé e nrR Y Fhe Rrodpdsad et et ¢rbdy a8coridime= thande membrane
preferred enbodi nent, an apparatus as descri bed above
andadiskowni ‘nhergShOBe 16, demar Ja ey by becatsieth aschieg&ERkenbrane
havi ng, deioni zed water produci ng apparatus between

andina aoofeecbagbefig haNhfge anianede cand a iRt hoder chrabBhode is
having a cathode, a desalination chanber in which a

derfd & RAbyldean8H& IR SRRALALRE A 8@ QBar the cathode
exchange nenbrane and a sl de near the cathode 1Is

is a@&@&ég‘é@d% Cha eQIéﬁQWﬂgq'R X Slr%;gﬁgg% achh conceptrating

concentrati e an

demarcated b catlon exch menbr, and a .

et TR FEa K Tl P lgEnErahreee by ok (nrBide side of the
exchan e nmenbrane. 20 An exanple of the anion

A genE‘IeH‘EPéénﬁrs’f’F‘BﬁﬁlR}%‘é%’r%ln%rﬁfc?r? Sectaperioxide is
Exanpl es of forns of the anion exchanger include, an

SURmh T S Hargeqresint radri nanichamieehange fiber, and an
organi ¢ porous anion exchanger described in Japanese
Pat €t thapde Opehon Rebhpdatdcor diog 2002t 83p6876rrdtiembodiment,
strongly basic ani on exchanger 25 may partially

an iapplarde neeakl ge basilve dnibpvee xabasgewgriauFigdmosy thesed 7 may
23 different forms, an anion exchange resin is

be RESH QLR mpaas@n@haelamaaa%t@mdwcmj aﬁoéf&gus between

volunme is large, and therefor.e the residence tine of
an GHARRNANRMNS Hatr il Gin addd d @ cakheweN8hamber having a
cathode, a desalination chamber in which a side near the anode is
separated by an anion exchange membrane and a side near the cathode
is separatedbyacationexchangemembrane anda concentrating chamber
in which a side near the anode is demarcated by a cation exchange
membrane and a side near the cathode isdemarcated by an anion exchange
membrane.

An example of the anion exchanger includes a strongly basic
anion exchanger. Examples of forms of the anion exchanger include,
an anion exchange resin, an anion exchange fiber, and an organic
pocrous anion exchanger described in Japanese Patent Laid-Open

Publication No. 2002-306976. The strongly basic anion exchanger

maypartiallyincludeweaklybasicanionexchangegroup. 2amongthese
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reaction with the free carbon dioxide in the

concentrating water 5 is |ong, which consequently

result in sufficient anobunt of reaction to occur even

with a |l ow concentration of free carbon dioxide, and

thus, inhibition of formation of scales. In addltlon

di fHeEithEOTBAY t Rl |3 i3y e xehaie BRAFBR X dHaigy naskbrcpgse the

uniform the differential pressure across the
exaemeeEntaagiicnd vc parbér lilsdr eddomd, iandargbusandlOhehefore the

"use of an anionic exchange resin is desirable. A
resdesined tSalet oFplbtrbong teapaeaist ¥ sofiohhe andomimxclangellowing

is 0.75 g CaC03/1 - 75 9 CaC03/1 (wet resin) . Wen
reééﬁid%a@ﬁ%ht¥hbsfré§5§a£$@%‘&hé@ﬁdb(%HO%%%lcoBG%n%QBtlng water

systemis not desirable because the reS|dence time o

is 8L O%H%H ?ﬁﬁ?hg %ng‘ﬁ%%lq: %Hesutf thgﬁoﬁhlcoovf Paction

reaction w reée” car I OX
concentrate ., water is reduced. VWen, an the _—

Lo RERYT TRE: CHPdL Pt %x‘&%‘“e%%nt%“gorbé’éog}f?ce ‘E%@D%bldlomef and
system.is al so not desirabl e because the

ERYfn iHERU g stf BaHE aiforf @X&angdh pgdition, when the

I ncreased. \Wen the anion exchanger is an anion
paxdicHangez¢ e§ithe arHeornpk R REE KARGRA S2D Vg betlpg differential
ei ther gel type or MR type. However, because the ion
presed Bt iavrtop swithk cespentr&bihgn&hambmﬁ iharedumirdoxiede, thus,
ions of the gel type exchange resin is not as strong
thasaddaif ofn tdig YR 3 ¥pehaexeharga nr eési deandabhe .
el ectrical resistance of the gel type exchange resin

in a besmrel salt-55110Wintcdadiassioll eneWidiod R&@Inger is
type 25 exchange resin, to nore reliably receive

0. PRIDANAS, '10037@,“9 BYEROX] 0824 |0 IDVid@ f ow Ué\?ac:.ty is

anl on excnange nmenbrane and to nove these i ons

less dc%ar}le%r 7t5h Q@&Z/dl TI%%r e%%&e%{;@%ngfé ﬁc%:@edees?&%%rl%ebecause

i's "preferr&d ‘over pe exchange res

the residence time of carbonate ions is reduced and the time for
allowing reaction with the free carbon dioxide in the concentrate
water is reduced. When, on the other hand, the capacity exceeds
75 g CaCOs/1, the EDI system is also not desirable because the
manufacturing cost of the anion exchanger is increased. When the
anion exchanger is an anion exchange resin, the anion exchanger
may be of either gel type or MR type. However, because the ion
selectivity with respect to ions other than hydroxide ions of the
gel type exchange resin is not as strong as that ¢f the MR type
exchange resin and the electrical resistance of the gel type exchange
resin in a form of salt is low, it is possible, with the gel type

exchange resin, tomore reliably receive carbonate ions and hydroxide
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The concentrating chanber may be of a formin which
the entire 5 concentrating chanber is filled with an
ani on exchanger alone. However, in this form because
t he ani on exchange groups exist continuously in the
concentrating chanber, alnost all of the bicarbonate

10TISORE VN Hi 518 Eeah bph Exchanger naphea ko ateteievefthese ions .
the cation exchange nenbrane, are concentrated, and

to ahe didzhaagethd Griogteo t fiberofAceat ridte geadt Bype Asichhange resin
result, the concentration of free carbon di oxi de near

is the featdeen oexghahge MEReRHane xbeaages rBsgh. and
degradation of quality of the treated water tends to

OCClhe tONNMESW 2 Ofnd RiSimblelr 1he§y ¢eshf abESrH A LARLOY tde entire
formof a concentrating chamb i n which an ani on

corf¥HaNgan J $he,ded; ofy Pt?-graf‘zll dgnfénté‘ﬁcﬁénger alone.

ani on exc ange rrerrbrane an per meat |
c anion

Hodggéglaj 'tVIn q% baﬁ% on % c % r s exist
provi‘ded’ betWigen ?%e anl > exchanger a ¢ %g%a9|8ﬁp
exchange nenpbrape because in thls f the ani on

co r@»&ﬁ’r‘r’é’r‘r’g’gﬁ doest Hﬁt S atdAtGact AR ?Frt halBgftofll of the

exchange nenbrane in the concentrating chanber, the
bi ageamieations of thise ther 186v oP0 edichrnagrnaavet ke the side of
cati on exchange nenbrane is not increased, and
thalegkadateéxrhaigguahbtrgnef, 4 he doreatngd awetder agdrrdzedischarged
prevented. Exanples of the anion exchanger to be
inty exedash@snt e anadersi des sofeshet anihencexcbangetion of free
nmenbr ane i ncl ude those ani on exchangers descri bed

ca B @103 dEhBeyet Bfe REIYRAL eRGhERGe héhbhavé NSdihes high and
strong basic anion 25 exchange group which is provided

decﬂeatd’@&rbﬁ be @mlqwesef@r@egeﬁeed \Jabc%xcé‘éhQQ t@(SBéﬁQe In view
nbrane i s used to secure flow pathes for the

of %gggenjt_tl: @Ltsedg\@£§£bf‘@q.ot Qmﬁigy%”%ofﬁ%ﬁgtc&%%&% chamber

oh excha

in which an anion exchanger is provided on the ancde side of the
anion exchange membrane and a water permeating material having no
strong easic anion group is provided between the anion exchanger
and the cation exchange membrane, because in this form, the anion
exchangerdoesnotcomejjlcoﬁtactwiththecationexchangenmmbrane
in the concentrating chamber, the concentration of free carbon
dioxide near the cation exchange membrane is not increased, and
degradation of quality of the treated water can be prevented.
Examples of the anion exchanger to be provided on the anode side
of the anion exchange membrane include those anion exchangers
described above.

The water permeating material having no strong basic anion
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group and the cation exchange nenbrane. Therefore, the
water 5 perneating material having no strong anion
exchange group may be either a conductive water
pernmeating material or non-conductive water
permeating material. Wen a conductive water
exdhemueativogp whiehi ad prsoticldie begeden tthies apdasai bkehtnger and
use water perneating material having an exchange

theJea¥P oAt &.Eh 4 reh® reineonglys b i sarieB X6 AN D for the
group such as a weakly basi c ani on exchange group, a

co ﬁ'&@{?ﬂét@%@f@r a%@%&%r%’%“e%n&@n*@é&@%et%%natﬁé %@ﬂfxchange
aci di

c cation exchange group. Exanples of a materia

in n h nge ou Qr a

gro@hoﬁgjac dlgagé Ion éQéﬁénggﬁgégu% |nc%&l§%§pre’ the water
examle, a Catioﬁ exchaqge fi ber and a ca

per MRS 2L RABARY QI O AAHEH &’i‘?%ﬁ“@ﬁ group may be
exchange resin is to be used, it is desirable to use

eithiegati GonERchaNGe VAESTNPRAVEAGIAIJBEEBELRL Or non-conductive
cross-linkage of 4% or I|ess as such a resin allows

watfegr pesdusttiiory ofatsetieclt. vilherf g dbv@lenive i eatesuphrmeating
as calciumion, nmagnesiumion, and the |like, increase

matarisdl ectovietysaif, hydsagersikde t@andemedet pormedtingmaterial
opportunity of 20 contact between hardness conponents

hawing gaekenahgeigitp EXeEPkesn tofe Q@Boﬁ?llﬁ welsli vea s reExchange
perneating material include, for exanple

gnﬂﬁﬁgu%BaQ§Qa%%E%gyuﬁgs1@wﬁﬁﬂ%P%§@hE%BE'5ro§p“Q¥%%akly acidic
fab rlc and other porous materials. "OF "t hese

cafi?o Eﬁgﬁg Sgtxfo‘ﬂ@;gui-%ﬁdm E?Sﬁg[ﬂe c@qﬂﬁ:t EQS;jS e‘iﬁéﬂaﬁﬂ;e group.

d 1
e ghed PCS6: pAsirt) Fri TREL LA St Fhg” Aighsee group

The thickness of the concentratin chanb q§
Or & 6£&PRAI FCLBAEWRRNHL BN SE R @J%%H Srofer example, a

preferably between 1.0 nm and _
cation exchange fiber and a cation exchange resin. In particular,

when a cation exchange resin is to be used, it is desirable to use
a cation exchange resin having a degree of cross-linkage of 4% or
less as such a resin allows for reduction of selectivity for divalent
ions such as calcium ion, magnesium ion, and the like, increase
in selectivity of hydrogen ion, and reduction of opportunity of
contact between hardness components and carbonate ions. Examples
of non-conductive water permeating‘material‘include, for example,
a mesh-shaped structure, a nonwoven fabric, a woven fabric, and
other porous materials. Of these, a mesh-shaped structure is
desirable as the selection of mesh size is easy, water permeability

is high, and it does not tends to cause an increase in differential
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3 mm When the thickness of the concentrating chanber
is less than 5 0. 5 mMm even when the concentrating
chanber is filled with an ion exchanger, the
advantage of inhibiting formation of scales is |ess
effectively obtained and the differential pressure
preagywoss itrhda hec lvamven twattemn gt ehdsbiea .i ncr ease. When, on
t he other hand, the thickness exceeds 6 mm the
el eqthd celi dlesdsst afCeché SconesgasedivndciOnbbe pewekeferably
consunption is increased. Although the thickness of

betilen wa%eﬁmn&ﬁm}n&nngaﬁatfé 'n%]ré“%‘f'e'i%rﬁ%l?%@@ﬁe@ﬁsi % mm and
ani on exchanger 1s not limted, is préeferable that

he S d t
3 i n@'?%ﬁ??‘e B IEE R e %%H%neﬁ%@%%go ST hreps than
When t he .t hicknes

0.4 Bfo SR HET 6F R RICCRS AT TodY RBATBS =1 SR G ed with an ion
di stance between a portion in which the free carbon
eXehag e F§eg%ﬁ%?%i%ﬁeéﬁalﬁﬁébééﬁpahﬂé¥EﬂéﬁﬁéOﬁéﬁﬁ?éﬁéJf;leSS
is reduced, resulting in a high concentration of free

ef feathiore i oxP el ne@arneha heatd o enastiande MesdsarR. across the
When, on the other hand, the thickness exceeds 2.0

chambet heatedectendal toesnstaase. of Whde, wah eth20other hand, the
perneating material is increased and the power

thLORNsaBERR S 6inder easesl edhei €ONGRIiIALING thaidefeased and
having this structure is a two-layered structure of

th@PAMIOBCRXGRBNIEH BNdnd rWaker . PeATeRb AW thEEBEERhess of the
havi ng no strong basi c ani on exchange group, but it is

wa Ol Jﬁ?éélt“?g;e atAihe ﬁabgﬂggﬁshgﬁgﬁ ank dhe gak Qchanger

exc ange 25 rane be su nt i Pot 1N contact

is V}nlotthlﬁ%g thf_‘{ J.asn er%%r%%l%mclqg’% eei}e{‘%%%&n%% Rgebehtween 0.1

cati on exc an e nmenprane nma cont act

mo%ga%tiﬁggsaanrgfi% ﬁgst%%éggfe %%\zs;gﬁ Wacngge thlckness is between

0.2mmand1l.0mm. Whenthethicknessofthewater permeatingmaterial
is less than 0.1 mm, a distance between a portion in which the free
carbon dioxide is generated and the cation exchange membrane is
reduced, resulting in a high concentration of free carbon dioxide
near the cation exchange membrane. When, on the other hand, the
thickness exceeds 2.0 mm, the electrical resistance of the water
permeating material is increased and the power consumption is
increased. The concentrating chamber having this structure is a
two-layered structure of an anion exchanger and a water permeating
material having no strong basic anion exchange group, but it is
only reguired that the anion exchanger and the cation exchange

membrane be substantially not in contact with each other and the
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When the ani on exchanger to be filled, in the anode
side of 5 the anion exchange nenbrane is an exchange
resin in the formof beads, it is desirable to select
a water perneating material having a finer nesh size
than the effective size of the ion exchange resin
anigh, FEBECLGLe BN hg A3l | RN ange (eqmiapaRe may partially
preventi on of contact between the ani on exchange
contasitre il ot herottd en eesteirdngel clenbeanet h6mpar the advantages
addi ti on, when the anion exchanger is an ion exchange
of rési @ﬂementhenhehmﬁoh.beads, it is desirable to use an
i on exchange resin having a relatively | arge average

beaghgnzehangdn ushf @ ohahgéf i dItHOT 1 10fedPaRd tBleZ8node side of
because such a allows for a larger effective size of

thél%%ﬂo%ne%%ﬁﬁﬁﬁgemé SirAncand QH”EQSHSHgEyre§§heEB'Bﬁ e%orm of

a coarser or the water per neat |ng mat eri a

ich,_r.e ter per nmeabi w _t_hout
be%ﬁ% |EEH§§§e h 8?? é?éﬁgeg W@E?ﬁ}%erm%%%l%$ :&él having
size of the ion exc resin beads i s defjned b ,
a TLRGT MR S8 bhan tgﬁg%ﬁeﬁﬁﬁﬁﬁ Fowd Ehevioiu s e resin
the resin to pass through. 20 Water including free
bea@éﬂ%ﬁa@%ﬁ% %Fé%%asll@é’@df@ﬁ nefd sfilespreviel hoen off contact
operation is water having a concentration of free
betygeohhe diroddrdexchadgs ngs COrd the2@it hon €32Mangandembrane.
preferably having a concentration of free carbon
In dddiitdenef wRemgt K2l on 5CGheyg€R24 4-aiem tedhxehange resin in
concentration of free carbon dioxide is |less than 0.5

theTfo2in Q2Meadshe iadvaniiage rablenbbbibboAnof of0ERBLEAGe resin
of scales is hanpered 28 and when the concentration of

havflnrge§ r&aLRoRAL,0xd A g¥6884s ,R2AG MLD2LY unfmn@a?%hbuuon

free carbon™di oxide which diffuses Into an adj acent

of($§%?Igyyg,o%e%g%ggesuc%r%ugﬁlgug %%E'8n13§8h§n9§fectlve size

of the ion exchange resin, and consequently, selection of a coarser
mesh for the water permeating material, which result in a higher
water permeability without an increase in differential pressure.
The effective size of the ion exchange resin beads is defined by
the mesh size of a screen which allows 10 volume® of the resin to
pass through.

Water including free carbon dioxide which is used in the first
method of operation is water having a concentration of free carbon
dioxide of 0.5 mg CO;/1l - 200 mg CO»/1l, and preferably having a
concentration of free carbon dioxide of 2 mg CO2/1 - 150 mg COz/1.
When the concentration of free carbon dioxide is less than 0.5 mg

C0,/1, the advantage of inhibition of formation of scales is hampered
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increased, resulting in degradation of the quality of
the treated 5 water. Specific exanples of water
i ncludi ng free carbon dioxide include perneate water
of a reverse osnobsis nmenbrane in which tap water or
i ndustrial water is roughly desalinated. Although a
and éyer s8e ENassity adwbrainéree gavesonidrpEcipeostesons 00imgCo2/1,
all ows nost of the gas conpositions to pass through.
thdAsmeuch, oé figh coreenidiatiide thioh diffusas hiorto an adjacent
di oxi de whi ch has perneated thorough the reverse
de REME 5 JFE K &fie BS tAIrssghV athLachonodi @Y#R @RS membrane is
remains in the pernmeatewater. Therefore, it is

indessi er%%u‘i%@nbh§np@éé%§cm &t tﬁ% &hglf_@y%@%he treated
osnosi s nmenbrane"as the supply water of

cen t her | di y
A “?%te%el?%evﬁé%fgfedeof%ﬁ% dioxide
reverse 0s al so _be.used as
in S HRsTRE tRetia e (he HIGSHAT iR PORORAAMBERPEBH (i which tap
EDI dei oni zed water producing apparatus. in a system
water QRLEAUAtadRAMES AT LPeIpt veraa4iBaEGEeN %#Rboughareverse
reverse osnosi s nenbrane device and the EDI deioni zed
osneR ey MErddEciengemyegppanacompositigndgesit abllonp most of the
enpl oy a configuration in which the treated water of

gad heongeesairhiaret do pasesetirasghhe Amtsrch,0 haishpplonegntration
to the desalination chanber of the ED unit (water to

of berdd ead Bsbn i d:NIENIHH tha AR ke theY ARRireusat @heOfreverse
reverse osnosis nenbrane which is the water to be

osﬁ{g@é afbiyrdihe fechrdonatd! J8HHRP di%:a8lR0 2% Y8R id% in the

e water to be supplied to the concentrati'ng chanmber

peﬁﬁegf MQ%QED' il fo £ 35 SYEH @ egefﬁ%%r@ ?9@ 1 QWS Qf e water

to the concentratlng C wat er” havi ng
o 358, PR BHBELAD M ARUNLTOERSSBL (7 cocer oc e
concentrating chamber therby doing without adding any chemical to
the water. The permeate water of the reverse osmosis membrane may
also be used as the water to be fed to the desalination chamber
of the EDI deionized water producing apparatus.

In a system in which a decarbonator is provided between the
reverse osmosis membrane device and the EDI deionizedwater producing
apparatus, it is desirable to employ a configuration in which the
treated watexr of the decarbonator is used as the water to be supplied
to the desalination chamber of the EDI unit (water to be treated
by the EDI unit) and the permeate water of reverse osmosis membrane

which is the water to be treated by the decarbonator device is also

used as the water to be supplied to the concentrating chamber of
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the concentration of free carbon di oxide which-is a

| oad on the 5 desalination chanber. In addition, when

the treated water of the decarbonator device is used

both as the water to be supplied to the desalination

chanber and as the water to be supplied to the

thecdivdemtvidti g ehahber confipurdbiprapléovs Eprcenapbya to the
portion of the exiting wa ter of the concentrating

corghaniiaring xhhhbee) rofiladtewy Hebriwat efires tchrboe Wabeide in an
havi ng | ow concentration of f ree carbon dioxide, and

amdﬂﬂﬂﬂé@éébéﬁﬁf§§ﬁﬁﬁﬂb&@&h@&ﬂéﬁﬁﬁmﬂt1@@05@@%L&whllereduc1ng
configuration allows for the exiting water of the

the® WHUH arfa'tagec V\E“’@. Lel R2DRYE agoneant GHEEH freg  load on the

carbon IOXI |s contained 1n the water

de %ggﬁ% agwggseq &@1t§llom%Pe%rtﬁ%qﬁﬁﬁﬁxﬁiw%Q%r of the

concentrating C

suppl y mater to the co c ating, cha ter .
q@a«%qﬁ?@%r Fedioficents BoROnCOE T PE6 ChEaRBORE 8x‘\ggesuﬁ’ﬁéled to
decar bonat or device is not I|n1ted inits type

the glesaddmiité ona Shefbesnentygé dbgavefrer tﬁapebéuagéaed to the
[ Second operation nethod] 20 In a second net hod of

corgpeTtatatdmg ichaziveEDl ideisndestirslaterto priglwdiatg a portion of
apparatus conprising, between an anode chanber having

theaBxa00€g itk hocattwdenchanbet ihgwihngnke canhedee airculating
desal i nation chanber in which a side near the anode

watlSr femRkeatwet Hyhatiagilow caxehange: IMIbE arecansrison dioxide,
side near the cathode is demarcated by a 25 cation

amf&ﬁ@ﬁﬂ%ﬁt%EQHEaESnc@ngét§Q@C@WﬁmﬁétrWh§hﬂﬁDﬁ% EBnfiguration
so side near the anode is demarcated by a

a1 %ﬁeagggtfﬁﬁ%%% o%nq a ébgseﬂ@egtms @@grﬁwﬁ to have

denarcate ani on exc ange menbrane ~and wh

ole] é§%ﬁﬁﬁéﬁ§gijee car on ng& écgﬂnggrcégt§yhéﬂnfﬁjthe water

to be treated, and consequently, allows for the use of the exiting

water of the concentrating chamber as supply water to the

concentrating chamber as water having high concentration of free

carbon dioxide. The decarbonator device isnot limited in its type,

and, for example, a membrane type degasifier may be used.
[Second operation method]

In a second method of operation, in an EDI deionized water
producing apparatus comprising, between an anode chamber having
an anode and a cathode chamber having a cathode, a desalination
chamber in which a side near the anocde is demarcated by an anion
exchange membrane and a side near the cathode is demarcated by &

cation exchange membrane, and a concentrating chamber in which a
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and a cation exchanger, water containing free carbon
dioxide is 5 supplied to the concentrati ng chanber.
In the description of the second operation method,
elements identical to those in the first operation
method will be omtted and the differing portions
sice |heqr ither idnpodee desiordiethtedSpacid icalilon it a3ee0R@nbrane
operation nethod of the EDI unit differs 10 fromthe
and hfsildeopeiat h@eabblied PhehbiecEbd Whidn 4 dhakchbAgtMRembrane
second operation nethod, the material to fill the
an@ QACEALTAEL D ed%H@ﬁh?@ik%u?eﬁk%{gﬁ@héﬁ@%fé% ggt kachanger
an ani on exchanger and a cation exchanger. ccoralng
o,t esen nbodi nent, because .a cation _exchanger , :
ang G R T e T bt T bl i 3 e S L ide is
exchanger and the mxture is filled, the bicarbonate
Su?Qé%?&kﬁﬁré}et?ﬂQﬁﬁﬂF§QR§QﬂﬂQﬂ?qgaﬂnanger i s di schar ged
into the concentrate water as free carbon dioxide
bef ofe WifedByardgEhcBa Boie 6<cons pracatienanehddn elements
exchange nenbrane by an action of the bicarbonate from
idemeicat i ton WxelrangetheWeihsthesesdt uch unethod wisll be omitted
possible to prevent 20 an increase in the
andonceat rdlfoarbhgf rpercachen didXi deriearitipe opeat ic@¥cribed.
exchange nenbrane and the adverse influence on the

Spa@gfi&a{nﬁi de skeatiedp¥Rh el oh St H&Y At @e AST Athit differs
ani on exchanger 1 n the m xture ion exchanger, It 1Is

frORSEhO! £1 1O USS: AN Q8 %ﬂ@{]}me&ﬁ SHdMAH J2 L N98&nat, in the

descri bed above. 25 As the cation exchanger, any

' ' j.l it t I .
s Bl RE LTS MR L SR i A g Bl et ans
a_str.ongl

Ch%ﬁ%?%ﬁ-qégﬁ%%|Udgﬁ3f%r Exangle Y ﬁcidic dacation
eX BHENGEF, 1O SHEARF Y AT PR THDR*ERCAERE AT
exgggngég1Xgﬁgééég?ﬂgogoe%ﬁg%g%ggent embodiment, because a cation
exchanger for supplying hydrogen ions 1s mixed with the anion
exchanger and the mixture is filled, the bicarbonate ions moving
through the anion exchanger is discharged into the concentrate water
as free carbon dioxide before the hydrogen-carbonate lons reach
the cation exchange membrane by an action of the bicarbonate from
the cationexchanger. Withthis structure, it ispossible toprevent
an increase in the concentration of free carbon dioxide neaxr the
cation exchange membrane and the adverse influence on the quality
of the treated water is alleviated.

As an anion exchanger in the mixture ion exchanger, it is

possible to use anion exchangers similar to those described above.

As the cation exchanger, any cation exchanger having the capability
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of a strongly acidic cation exchanger and a weakly
acidic cation 5 exchanger. Exanples of f orns of the
cation exchanger include a cation exchange resin, a
cation exchange f iber, and an organi c porous cation
exchanger described in _Japanese Patent Lai d-Open ,
to BHRIIRARRE" 13667 MaYo570 LoFE | & desr BB £0t §Tusheacation
m xture ion exchange resin of an ani on exchange resin
exFrdge e it badex desngeaneks n aast 1¢g W reddéc qar jynexchanger,
exchanger. Exanples of the m xture formof the m xture
a wegrklexehadger cathohueechdmyeexarpl e ma ximirfeocatiriont exehanger
of an ani on exchanger and a cation exchanger and a
of i xtuoagilgnaexdhangetibn avdicdngde et centeadey akidic cation
cation exchanger increases fromthe side near the
ex@rYeeXCRRABAB1 &8 oTEHINANSS £ RUBEE i bR & RnQR reXfandes cat ion
menbrane - O these, the m xture ion exchanger in
. per.cent. c i.NGrK .
o e e A O D A o cation
the cation exchange_nenbrane,i,s nore .p erabl e. \Wth
KRN IR ORER Fon BT Re Aol ade B e g Ceclon No.
e er (anon exchange resin) at the 20 sjde of the ,
20 B Bechahobs rsbr IS 50 Dhe GHILREST? s FRshance resin
reliable reduction of concentration of free carbon _
of gravi ik, psahrange weatironnd exehlhee SHSABNERer © BaRpl fde mixture
of the formin which the percentage of the cation
lorexetdrgered .ncreases fromthe side near the anion
exchange nenbrane toward the cation exchange nenbrane
i nclawkenplfety cefxaie evix@mre fform of whiechithere ion exchanger
percentage of the cation exchanger is progressively 32
indNEdeaged Exanplhe sige neal rikevakl off &Xcaige exchanger and
menbrane toward the cation exchange nenbrane and a

a ch8¥6h s Hlhdelr W € & afimRcht eWH £ 82 ch G £XANM &1 Bné B¥@Lentage
of an ani on "exchanger and a | ayer of "a mi xture

of cation exchanger increases from the side near the anion exchange
membrane toward the cation exchange membrane. Of these, themixture
ion exchanger in which the percentage of cation exchanger increases
from the side near the anion exchange membrane toward the cation
exchange membrane is more preferable. With such a configuration,
the percentage of the anion exchanger (anon exchange resin) at the
side of the cation exchange membrane is low, which allows for reliable
reduction of concentration of free carbon dioxide near the cation
exchange membrane. Examples of the form in which the percentage
of thecationexchanger increases fromthe sidenear theanicnexchange

membrane toward the cation exchange membrane include, for example,

aforminwhichthe percentageof the cationexchanger isprogressively
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material of an ani on exchanger and a cation exchanger

are placed 5 in that order fromthe side near the

ani on exchange nmenbrane toward the cation exchange

menbrane. In the case of a mixture ion exchange

resin, it is preferable to use a m xture ion exchange
inqresgedy fron dihief sridepaekirc ltbesiane oas esgbhnge membrane toward

configuration reduces the differential pressure
theaecr@ssntdreciconpentndrbng £haabesye 16d Breuwpeeigentaes iof which,

the cation exchange resin within the mxture ion

foreXghapae, r@%a‘}érsoﬁoén laridredx cRdhgb s ﬂc?faeﬁ.§§E¥ 3% nixture
90% in volunme, and nore preferably 20%to 50% i n

matvéq_lll"a[@ wag%n LES p:é‘%&ﬁgég@? al‘?él 1%*}%151%% %l}c%%%%%l}g%re placed

resin (In vo

, Ssi revent the increase i.n the concentr

in ‘3351%%%3%%‘%%%%6 ok asaﬁe%e B e F R By My He coward
menbrane and when, on the oth hand, the percentage

theRbeAS VORI SR Sge O CPRIAAT PER MoK PGP BHchange
of scal es cannot be obtained, and thus, both of these

residt.cénit ageParéenablpr Bpensed Mixiurgrismecxishendsaresin with
the degree of <cross-linkage of the cation exchange

unifasimn psrd¥%cde | e8¢ a5 suclth20aa conSsglrakhge alddwass the

for a reduction of selectivity of divalent ions such

di e et 0 Mg xS vaRd RGeS ithd icons cafdadingneheaseri.n
selectivity of hydrogen ions. [Exanple structure 11 An

EDl 1dei pai2egh 3ed eF 1tHOdHEH BE ARPRrRfdlUSe 8{n & iftihi$lthe mixture
exanple 25 structure wll now be described referring

iod @uddingk rAs4RCLbonato, 3320 s @gaﬁggfélpémgamsof 90% in

an EDI unif 10 having a desalination anber

voﬁ%bce%&ﬁ.totr%g; hamen ﬁx]'%% r@g&%;a %Pﬁm% Mﬁé‘%%?centage

wat €r eca S on

of ]t%ef %ratvﬁ)tnerexc%ange resin (in volume) is less than 10%, it is
not possible to prevent the increase in the concentration of free
carbon dioxide near the cation exchange membrane and when, on the
other hand, the percentage exceeds 90%, the advantage of inhibition
of formation of scales cannot be obtained, and thus, both of these
percentage are not preferred. It is preferable that the degree of
cross-linkage of the cation exchange resin is 4% or less, as such
a cross-linkage allows for a reduction of selectivity of divalent
ions such as calcium ions and magnesium ions and an increase in
selectivity of hydrogen ions.
[Example structure 1]
An EDI deionized water producing apparatus of a first example

structure will now be described referring to Fig. 1. A decarbonator
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be treated by the EDT unit are connected and an
introduction pipe 5 13 for water to be treated by the
decar bonat or 20 and an introduction pipe 16 for
concentrate water of the EDI unit 10 are connect ed.
Ref erence nuneral 17 represents an exit pipe for
20 dgrRietighreshatan ofand 5f eréhdd hanenala d8sakbprasim shamber
an exit pipe for deionized water. The treated water
12 gfidtéheodeent bahanhgrch2inbies supplziredxid ptipe 10 for treated water
i ntroduction pipe 15 for water to be treated by the

of HMe IdkattdonaAut tdte MRt eh e the diealed Rpet N8 for water to
decarbonator 20 is supplied to the introduction pipe

be ]tﬁréca&reoPB?C€Hér}§‘i§P WRLen f hRREPLqURLG éxp'inté%c{éﬂ:etion pipe

decar bonat or 20, any of the known structure nay

d i fier d ,
13 $B50 S o oL g SRR B BRI BB A M ion
piwgtquef reversq:osnosi menb ane which s _the water
2% be tHesBH S i MNP s (ipltinéd B0 @Rt 10 are connected.

concentrating_ chanber 11 and is also supplied to the
ReIREENI T ALMER 2dhh AP CES SAfttSepn aYhEEPG 6RF deoiaentrate water
removed in the decarbonator device 20. The treated
ANGEEERTBRCE Mamgaedr bbnarsese0t b sinsempt pédetion telolDzed water.
i ntroduction pipe 15 for water to be treated by the
TheEDTraated1@atein atdiheonrldom b afterrm Zhowe isuddldedl,to the
the formof introduction of the water to be treated

intyodihet itec grigenatore 20 waa drhe o Bl adieitiecdn bypicpe EGT 10 unit
for concentrate water of the EDI unit 10 nay

and@ldiRy Rakkvety pdecana of dhenbonBBasHEMALER 7 US Applied to
and 3. 25 In the systemof Fig. 2, a buffer tank 29

f.ach |-t at.i j t I .
end kS e 893, ek LORok o 0 IEUEL S0 80 e 20

, id f.th
ne SSGORORPB1. 207 M1 H0°8E AR 808,01 LD o g e vsen such

upstream side ;oo
as, 'tor exampﬁ.e, a membrane degasifier and a decarbonator column.

Therefore, the permeatewaterof reverse osmosismembrane which
is the water to be treated is directly supplied to the concentrating
chamber 11 and is also supplied to the desalination chamber 12 after
carbon dioxide is removed.in the decarbonator device 20.

The treated water of the decarbonator 20 is supplied to the
introduction pipe 15 for water to be treated by the EDI unit 10.
In addition to the form shown in Fig. 1, the form of introduction
of the water to be treated by the decarbonator 20 to the introduction
pipe 16 fc_>r concentrate water of the EDI unit 10 may alternatively
be one of the forms shown in Figs. 2 and 3.

In the system of Fig. 2, a buffer tank 29 for facilitating
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of the introduction pipe 13 f or water to be treated

by the decarbonator 5 20 are connected to the buffer

tank 29. Thus, the water to be treated is supplied

fromthe buffer tank 29 directly to the concentrating

chanber 11 and to the desalination chanber 12 after
adjpetmempwdl an eftogarcbeh fdicoxd fehpyconce her atee aratenat srprovided

20. In the systemof Fig. 3, the buffer tank 29 is
upProvadedin dvay det@ rabaagotrhe2d nt r agiect hpst P8 G JOrof the

concentrate water of the EDI unit 10 and a return
in@tfudddon Soi i c ' h Lt | / -

for concenﬁlgféé\imﬁ?grr ggggghgegﬁ%f\g?gtégn%(&g&kpéwﬂtﬁ#tream side

ofEHE%r&%cﬁfE l5 g[%i§$§3 &%E{%Jﬁ %@%%gtPfaéq@bn%%ﬁgraseecarbonator

osnosiIs nenpra I'S supp esal | tron -

er 12 after .carb 5 dipxide . is renmoved in the
20 GRSt b8 b ohEes e $na Tnod { fF Bafpartq AR reated
, 29, the perneate water of reverse osnpbsis nenbrane .
18 asrlrkPFE]Hee‘gt’fcﬁ@éhFPSt RYTTRE drenf @ it E8ChAY ERSNe fpIgeF rating
to the _concentrating chanber 11. As the ED unit 10
champenyl bf anget &yt Lhoiniath gtiagen 12@ ftawudle removal
3, afirst EDI unit in which cation exchange nenbrane
of aprirlapi ol extharye renthraneaHalatmrmat®el y provi ded
bet ween an anode chanber havi ng an anode and a

cat inde hehaybesm bavrng. & cahbasler fnd t awhki T iRaSravided midway
desal i nati on chanber 1n which a side near the anode

albiSg 0ERAT Cat £60RY: Bdh e exs hange- R EaNa ARt Side the EDI

near the cathode 25 i's demarcated by a cation exchange

un {5 aley %n(_jce%u%ngggg gtﬁngs:{}?r&p c@rcér{hé/@ilczhg %he exiting

si de near the anod emarcated by a cation

pi é(cf‘?nJg?r MENRLANE, - & Suiradteepeﬁ{d t’é}]ee qg‘foe%e ﬂ.a%dc %19.
emar cat ed by an ‘ani on ~ eXchange nenbrane, and tHe
anoqﬁigﬁggiof t he ani on exchan eaggnbrane

Ssystémalso, theperme water of the reverse osmosis
membrane is supplied to the desalination chamber 12 after carbon
dioxide is removed in the decarbonator 20. On the other hand, in
the buffer tank 28, the permeate water of reverse osmosis membrane
and the concentrated water are mixed and then supplied to the
concentrating chamber 11.

As the EDI unit 10 in any of the sysuytems shown in Figs. 1
through 3, a first EDI unit in which caEEpn exchange membrane and
anion exchange membrane are alternately provided between an anode
chamber having an anode and a cathode chamber having a cathode and
which has a desalination chamber in which a side near the anode

is demarcated by an anon exchange membrane and a side near the cathode

is demarcated by a cation exchange membrane and a cocncentrating
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is filled wth an ani on exchanger may be used or a

second EDI unit 5 having a structure simlar to the

first EDI unit except that the anode side of the

ani on exchange nenbrane in the concentrating chanber

is filled wwth a m xture ion exchanger of a cation
chambsianigewhant aanidai beaexdhamyerds rist slemagfcatiesl ayi encation

exchanger may be used. As the anion exchanger and the ,
exdatrignmexbhangera shdeheaethadathdbdeDi s uidna ramiert balasm anion

simlar to those descri bed above regarding the

exdHAIR! hehb ABLBOGs dTEN e R cdeesh d &% & 8n@bnf Of dBa e membrane
m xture of the mxture ion exchanger include, for

is %&am!dewi@hu%% FRIMATEXLUER 5B mAP 1IR3 L Xehanaslo A& pT unit

a cation exchanger and a nixture ion exchanger 1n
i t he rcentage-of the tion nger, i_ncreas
na e REERELE R TR 2 L0 e e e Wl AR EY e ehe

toward the cation exchange nbrane. OF these, it,is
an‘?Fger%“g%QEFé‘maemt‘Hl BRENR RIS AERPHARE O P s eRGREr # LRy chamber
. in which the percentage of the cation exchange resin
15 jHicrlegs &d thr niti KEUSPJECHeRFCR ARSI YN D 2e)6Etdge exchanger and
menbrane toward the cation exchange nenbrane. Wth
an saarclora sptahsgtaare, irpdears @ ft Hde2@njerc exchgagefr Mg be used.
ani on exchanger (ani on exchange resin) at the side of
t he xathemrexaharghamgehr and the tow cardkdHarsier tnithe second
possible to reliably reduce the concentration of free

EDCa@nRen fkexidel aedmitheteathose exehangederbréanegaitiing the
formin which the percentage of the cation exchanger

ope ! a5 Re thoad hhe 1 d8cheargi NG 1l 07 eXEhanden?Rture of the
menbrane toward the cation exchange nenbrane, the

. percent age 0 at.i xch e ' i thin .t .
A R R e

n GP AR A RIS En A ACE | BCAB B BOT S BTG RS fon exchanger

. operation nethods. , ,
in which the percentage of the cation exchanger increases from the

side near the anion exchange membrane toward the cation exchange
membrane. Of these, it is more desirable to use the mixture ion
exchange resin in which the percentage of the cation exchange resin
increases from the side near the anion exchange membrane toward
the cation exchange membrane. With such a structure, because the
percentage of the anion exchanger (anion exchange resin) at the
side of the cation exchange membrane is low, and thus, it is possible
to reliably reduce the concentration of free carbon dioxide near
the cation exchange membrane. The form in which the percentage of
the cation exchanger increases from the side near the anion exchange

membrane toward the cation exchange membrane, the percentage of
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It is also preferable to enploy a structure of the ED
unit 5 with small desalination chanbers as shown in
Fig. 5. It is possible to use the ED wunit having the
structure as shown in Fig. 5 as first or second ED
unit described above. In the ED of the first exanple
catgiqruarahengsows iinn wHitddn thet mictghre3 ionhexnhteget @ebén, and
treated which is supplied to the 10 desalination
thechiethere ¥ icydusedtiekayat of ahet katdegackonahet 28sin may be
and thus, the carbon dioxide is renoved. On the other

simiand t@otﬁéé@%s&’f%cﬂ%}do%er eapyedihsomd I'b%e%tt% on methods
which is supplied to the concentrating chanber 11

t hi sy emogig@%re %’f‘@ édq%m\fﬁt Sé éﬁ'ﬁ%énﬁ@}gdof .tthe EDI unit

(pernmeate) water of a reverse 0s fane
to the concentra

wi iy SRIRR S Sl T Bhobr b irour e ar L4 S 1® is posaible

concentration,necessary for inhibiting fornathn of .
Lo §E51 B-° i} Bnﬁégch the BoRLEHTBEOANEIN 1 bd 1gar bate First
di oxi de which is a qud on the desalination chanber
or ecqrek &R kit gesgrabee 2oNe-EDl unit according to
a second exanpl e structure of the present invention
i s drdéviecEDiLnofhthé £atsoreexuhbnge menhranehiowandn Figs. 1
ani on exchange nenbranes are alternately provided

thizeigheed, anheancte chavbee hadat@anwrnedeiandupplied to the
cat hode chamber having a cathode and which has a

deiEISa 4t UhaahRbEr i Whkshe@ wider r&efarthtehae%@%%n%@or 20,
is demarcated by an ani on exchange nenbrane and a sid

al’l(:ﬂgﬁ%r t I%Gr:le?’c?a rhaquleée q%%ﬁ&i{tﬁanﬁg?tk?eagmgr%é%wq%?carbon

ane, concentrating Ich

di&ng%%ettfg %% &'ds FFBEW (i:?lt edw%ipéé% w%‘;:{é:hon $X e%p@%ed tc the

€ near the cat enmar ca

concentrating chamber 11. In this embodiment, because the water

is treated (permeate) water of a reverse osmosis membrane, it is

possible to supply, to the concentrating chamber 11, water having

free carbon dioxide at a concentration necessary for inhibiting

formation of scales while reducing the concentration of free carbon

dioxide which is a load on the desalination chamber 12.
[Example structure 2]

An EDI unit according to a second example structure of the
present invention is a device in which cation exchange membranes
and anion exchange membranes are alternately provided between an
anode chamber having an anode and a cathode chamber having a cathode
and which has a desalination chamber in which a side near the anode

is demarcated by an anion exchange membrane and a side near the
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by an ani on exchange nenbrane, an ani on exchanger is
provided on 5 the anode side of the ani on exchange

menbrane, and a water perneating material having no

strong basic anion exchange group is provided between

t he ani on exchanger and the cation exchange nenbrane.
catheslavaier depayesatesatled lsy thaeiE&Dl axuHargfe thembesnsd and a
exanple structure is not limted, and may be, for

coreeartplat,inlgr ehkede wairefwh it Qfsﬁtléjefé@ﬁ:bﬁﬁét&{odéﬂl% demarcated
water to be supplied to the concentrating chanber is

by B0adildh REhasgé GRS ) e WatRS néQPt@@éaEBSSeﬁasr B9farcated
di oxi de. As the anion exchanger and the wat

by Ber %ﬁ%hngxggéﬁéé Ahemp SR HCt U €8, S mea«% atrrrl\%t trggg %ﬁ;vided on

descr bed above’regardi ng the operati

the first and seco d exa
ehefp e et %ﬁgeawe} SrePoras FRdbiethr| i Poie taREReat ing
S limted, and any of the structures as shown
maﬁer?laﬁoba&%aﬁprl@ SEFgRY lsasam By ehided greanppeprovided
structure 3] An EDI unit of a third exanple structure
betgjgan féw B& ig8s exicbeagez0andf éhei agtionFerychangpi gemdrane.
is a schematic diagram showing an EDI  unit in the
t hi fheewabpt & sbructereed loy Ehg.EH] weliensAtishe derbinclabxample
to those shown in Fig. 1 are assigned the sane

st mefteirende nogel thsteapdand Ihaaie be desehined, agakhted water
and the difference will primarily be descri bed. In

of thaeshtbEhalt6r Of THedwateNOcUBE A RQNMALLY t@%%%eéghgéntratlng
of an EDI unit 10a having a desalination chanber

chadida138neencent Faki g chagher dpla 3 pr g}slnqg\‘_%a;safree carbon

reverse osnosi s nenbrane device 30 'S provi

o1 UL PLIE AR LRLORS RGPS ol e BRI rgracerian,
struc%ures similar to those described above regarding the operation
methods may be used.

In the first and second example structures, the structure of
the desalination chamber is not limited, and any of the structures
as shown in, for example, Figs. 5 and 6 may be used.

[Example structure 3]

An EDI unit of a third example structure will now be described
referring to Fig. 4. Fig. 4 is a schematic diagram showing an EDI
unit in the third example structure. In Fig. 4, elements identical
to those shown in Fig. 1 are assigned the same reference numerals
and will not be described again, and the difference will primarily

be described. In the structure of Fig. 4, no decarbonator upstream

of an EDI unit 10a having a desalination chamber 12a and a
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for water to be treated by the EDI unit 10a are
connected, and the 5 introduction pipe 19 for
perneated water is branched to forma supply pipe 191
of concentrate water. In this third exanple structure,
a device having a structure as shown in Fig. 5 and
confeytri Pehalebeabies l3ediaprndedeEd, antéverdd @HNd¥l s membrane
exchanger is f illed into second small desalination

dechaat8l 9 s10rd2ided, de eand g8pent9 M GheMRdLle LR of the
treated flows and a m xture ion exchanger is filled

retd¥de fddids iSTRldmesal iatiQn ghankers, diy ro%%ﬁtqgm pipe 192

and d7 having the exit water of the secon

fozd%atle'rne 'R0 + yaﬁhghﬁvaaL} elrt tl%ab%irtarcecg%rgg?%%g and the

this configurati boni¢ “a

b b th h |
o A L R B e s
. gﬂ? Because of this, it is possible to
pl%ﬁﬁ Light4Qp e Wt ite% be treated having a |arge

anmount of silica and weak acidic conpositions such as
car bohitelactal whicgramps parrhebbae) ya disffliceuheviog a structure
renmpove anong ani on conpositions. It is possible to

as grhiawrt hien deicar Boreatd rde2® fidred edbusiend f needcarsbahe EDI unit.
di oxi de as' a pretreatnent of the EDI unit. [Exanples)

An Exaoplexchay ezl s dailoridzat MatebnrdUC 88s APPRE L4 chambers
in which four d.eionization nodules ~eight smal

dz,de§ald|6padﬂopaacﬂ}ﬁdﬂomhh%@teﬁo%evw&.dté@ AR LEY 2 mixture
simlar to the structure shown in Fig. 5 was 39 useoia

1019%9{%%&1 de¥i £f spe fI:' Cg_tL]EQE] PREL8HLEAN 1 on chambers di,

con ns as eSCI'I erneat e wat er of
dg,rgveusedgslqgélr?%@}e eaggtwr tera{“ratalfr%el nglé%%{:ll s%a]‘.’?desallnatlon
chamber as the water to be treated. In this configuration, silica,
carbonic acid, and the like can be removed both in the second small
desalination chamber and the first small desalination chamber.
Because of this, it is possible to sufficiently treat water to be
treated having a large amount of silica and weak acidic compositions
such as carbonic acid which is particularly difficult to remove
among anion compositions. It is possible to omit the decarbonator
for reducing free carbon dioxide as a pretreatment of the EDI unit.
[Examples]

Example 1

An EDI deionized water producing apparatus in which four

deionization modules (eight small desalination chambers) are

provided in parallel similar to the structure shown in Fig. 5 was
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the hardness of the water to be treated being 1000 pg
CaC3/1 and 5 the concentration of f ree carbon
di oxi de being 4 Mg C02/1 - In addition, a portion of
the water to be treated was used directly as the
concentrate water and el ectrode water. The operation
used pedgas the0oevihear spardfprasenveandl spaketipn chpditions as
concentrating chanber after 4000 hours was observed.
dedRedibsid Helpowaf tPhenentat edtwat erf andrdde operatmonis membrane
conditions after the operation of 4000 hour period are

tresitawy iihdlakle al. whOeer abkonseandit vansl EDl pdetenhzed, with
wat er produci ng apparatus: Prototype ED unit;

thd %?c@%%‘s%? £R8 @@é&anﬁﬁ HEERREAREq HBL QY f@@@ﬂ%%acoﬂl and

nbrane; 15 First smal desal i nati on chanber

[ S§ han
ther‘%e)osnn t]ll_%edgg}}nfgg?ler bolg’%@% sakfeﬂgqflo% Cﬁztfirberﬂ%ddltlon’
Mxture [ n exchange resin of ani on exchange resin

2 Rftdit thSchah E FesPR (FERa0E: am %{%ﬁ ﬁ"%ﬁ‘?%tf% as the
vol une of AAC=1:1 20 Second snal | desalination

conGteRFEte W BER 21002 hf CredgyMatsoo nife QRfrAGiesstmaas 4000
I on exchange resin filled into second snall

howes @richattiemercisanifessaleAniion tégc hangentegicang chamber after
Concentrating chanber: Wdth 100 mm Hei ght 300 mm

400thilcknessw®ds @bsemyed) |Resiexchange gfstime f ttréatednveter and
concentrating chanbers: Gel type strongly basic anion

ope¥ERaN @ dn S iA ohAMhek kirt €hé RApdO2BLon Ratt &1 0afo e ipRriod are

overall device: 0.1 m3 /h

shown in Table 1.

[Operation conditions]
EDI deionized water producing apparatus: Prototype EDI unit;
Intermediate ion exchange membrane: Anion exchange membrane;
First small desalination chamber: Width 100 mm, Height 300 mm,
thickness 4 mm;
Ion exchange resin filled into first small desalination chambers:
Mixture ion exchange resin of anlon exchange resin (A) and cation
exchange resin (C} {(with mixture ratio in volume of A:C = 1:1);
Second small desalination chamber: Width 100 mm, Height 300 nam,
thickness 8 mm;
Ion exchange resin filled into second small desalination chambers:
Anion exchange resin;

Concentrating chamber: Width 100 mm, Height 300 mm, thickness 2

mim ;

40



10

15

20

25

5 Exanple 2 An operation simlar to that for the
Exanple 1 was perfornmed except that a m xture ion
exchange resin of a cation exchange resin
(Amberl yst30Wwi th a degree of cross-linkage of 4%
and a gel type strong basic anion exchange resin
Lon prpeirdnde JeingZBIed vinte aaCenbuairiag atiambefrsA: GEL type
=1: 1 involune) was f illed in the concentrating
stodragierbd sist eadi of ddvchagele trepe st (2omMeg: NAIeC TRA-AM2BL)
exchange resin (Anberlite I RA-402BL) . Resistivity of

Rattdieot rerdedi wadRirAf1t &leAQRD  houg sy of® gperation and
operational conditions are shown in Table 1 . is

Exanpl e 3 An operation simlar to that for the Exanple
I was performed except that a gel type strong basic

xchange resin (Anberlite -1 RA-402BL having an
Ex%ﬁ%@%fﬁve size of 0.45 mm was filled in the 20 anode

sid%&of t he anion,eiﬁhange menbrane to_a thickness of

1. 7 PHPERELERE DINHHRT dd Ehgpet Sf ridiy EFAEPE cahi P performed
exchange resin (Anberlite 1RA-402BL) filled in the
CXCHie EREEaR Mg IeREnber efehandrdrsiRapbd cstiaptesehange resin
havi ng a nesh size of 60 neshes is filled between the
(Argeer k yaie3 Wt ol § destes afi omoesgchanyeoeest Mdndntihe gel type
cati on exchange 25 nenbrane to a thickness of 0. 3 mMm
stResy dtdsdd yarofort hexdhraaniee d-anatrer (Mibeafitiate 4000 400BIS (with a
of operation and operational conditions are shown in

midabt€ rht i GIPAL 81 Vo1 EXpBh 8md) 3i2ANf OPEEQUIOFL S Id¥n@htrating
to that for the Exanple 1 was perforned

chamber instead of the gel type strong basic anion exchange resin

(Amberlite IRA-402BL). Resistivity of the treated water after 4000

hours of operation and operational conditions are shown in Table

1.

Example 3

An operation similar to that for the Example 1 was performed
except that a gel type strong basic anion exchange resin {Amberlite
IRA-402BL having an effective size of 0.45 mm) was filled in the
anode side of the anion exchange membrane to a thickness of 1.7
mminsteadof thegel type strongbasicanionexchange resin (Amberlite
IRA-402BL) filled in the concentrating chamber and a mesh-shaped
structure having a mesh size of 60 meshes is filled between the
gel type strongly basic anion exchange resin and the cation exchange

membrane to a thickness of 0.3 mm. Resistivity of the treated water
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except that a nesh-shaped structure having a nesh size

of 12 nmeshes and a thickness of 1 mMmwas filled

i nstead of the gel type strong basic ani on exchange

resi.n (I RA-402BL) filled into the concentrating

chagggr and the thickness of the concentrating chanber
altids 2080 hguip of pRerRfiPRe2 TR MRaTRGivaaEx appliétions are shown

because the voltage reached 250 V after 100 hours of
ingharkq ilon, the operation of the apparatus was stopped

and presence of scales within the concentrating

chanber was observed. Resistivity of the treated

wat er after 100 hours of operation and operationa

Corgeeh tivenEampishown in Table 1. 15 Conparative
Exanple 2 An operation simlar to that for the Exanple

1 W@ﬁl%@%&@ﬁﬁ%ﬁ s?ﬁf?@f1&#%5a§5£???ﬂﬁama%§%lgf 1 WL LRE Formed

osnosi s nenbrane treati ng ronove d

h 20 nmbr a
e CHgaa T ed b e bl e P i  Shaop 12 meshes
and & ERACkaAr GF, Ve e 120 bggaégéuéhéé%q“%tg?ype strong

reached 250 V after 150 hours of operation, the
baifePRLPDFX613NEE ERHdr ATBA-$R3BEY éﬁéé@dalntt%tb%@@@@entratmg

of scales within the concentrati ng chanber was
chagthey o ths Restkpess tof dthet bencepatet ingt ehambéerwas set to
150 hours of operation and 42 operational conditions
1 mar.e Showhei AoMpbletive[Medoheld]l COMRARAH VHREOMBARAEKLVEcached
EXAVMPLE 1EXAMPLE 2EXAVMPLE 3EXAVPLE 1EXAMPLE 2 APPLI ED
250 V after 100 hours of operation, the operation of the apparatus
was stopped and presence of scales within the concentrating chamber
was observed. Resistivity of the treated water after 100 hours of

operation and operational conditions are shown in Table 1.

Comparative Example 2

An operation similar to that for the Example 1 was performed
except that permeate water of reverse osmosis membrane treating
industrial water romoved from which carbon dioxide was through a
membrane typedegasifierwasusedinstead of permeatewaterof reverse
osmosis membrane treating industrial water. In the Comﬁarative
Example 2, because the voltage reached 250 V after 150 hours of
operation, the operation of the apparatus was stopped and presence
of scales within the concentrating chamber was o¢bserved.

Resistivity of the treated water after 150 hours of operation and
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As described,

according to the present embodiment,

it is

possible to solve the problem of formation of scales by controlling

conditions of water to be supplied to the concentrating chamber

of the EDI unit and to achieve a stable operation without noticeable

amount of formation of scales within the concentration chamber even

in a continuous treatment for a long period of time of water to

be treated having a high concentration of hardness components.

&

In

addition, the conductivity within the concentrating chamber can

be stabilized, uniform current density can be obtained in the entire

desalination chamber from the entrance side to the exit side, and

power consumption can be reduced.
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exchange nenbrane and a side near the cathode is

demarcated by a cation exchange nenbrane and a

concentrating chanber in which a side near the anode

is demarcated by a cation exchange nenbrane, 10 a side

near the cathode is demarcated by an ani on exchange
Whade st 1@ 1Meshd Sthe anode side of the ani on exchange

menbrane is filled with an ani on exchanger, the

met hod conprising the step of: supplying water

contai ning free carbon dioxide to the concentrating
1. chambesthdd f3r dpamithiadty EarkiepenaldeN®rd?ation deionized water

el ectrodei oni zati on dei oni zed water producing

RRPA QUERAISS Icddehy A&l Ween dgnc r | -
pran aé%%gégﬁh aubathogé cﬁgﬁgeP@Eg%?%ggg Eg?ﬁ%dgggébgg h§Vlng

anfgﬁﬁaé'ﬁﬁ& %nga%%% e%hﬁ%b@gB%QVQHQigecg%ﬁéd%heaa %gglination

i's demarcate y an ani on excnange ne rane a

' ar.the cathqde is demarcated b cation .
Chazé(bc%aﬁgle%r}%ﬁ%r 3n3l§ﬁdn%aﬁo§}é%nﬁr}°a% ﬁg’yfﬁeg}‘?ﬁé:ratieﬁi R gp anion
side near the anode i s demarcated by a cation

ex &@mﬁéﬁﬁﬁaﬁgd andlee SPHRE et It Hedelepgrcated by a
demarcat ed by an ani on exchange nenbrane and which

catddit eTNENIgey Nebrsae Badf il Icescaintiai ingxthesbeonin which a
exchanger 25 of an ani on exchanger and a cation

sidex cleangshe shedaet hodercanpatsd oy 44 d=hd cst efrcbfinge membrane,
suppl ying water containing free carbon dioxide to the

a staacendtn ahe ngh i es . démakcA debhath bk oapet@tdrii ABmbrane,
el ect rodei oni zati on dei oni zed water producing

and@pPR ahugcaseaedbnorh® L abinckic EiferidtdReis filled with
concentrating chanber, an ani on exchanger is provided
an anion exchanger, the method comprising the step of:

supplying water containing free carbon dioxide to the

concentrating chamber.

2. An@thodforoperatinganelectrodeionizationdeionizedwater
producing apparatus comprising, between an anode chamber having
an anode and a cathode chamber having a cathode, a desalination
chamber in which a side near the anode is demarcated by an anion
exchange membrane and a side near the cathode is demarcated by a
cation exchange membrane and a concentrating chamber in which a
side near the anode is demarcated by a cation exchange membrane
and a sidenear the cathode is demarcatedbyan anionexchange membrane
andwhichconcentratingchambefisfilledwithanﬂxtureionexchanger

of an anion exchanger and a cation exchanger, the methed comprising
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on the anode side of the ani on exchange nmenbrane and a

wat er perneating material having no strongly by basic

ani on exchange group is provided 10 between the anion

exchanger and the cation exchange nenbrane.. 4. A

met hod for operating an el ectrodei oni zati on dei oni zed
thewstesP PFoduci ng apparatus according to daim 2

wherein the m xture ion exchanger filled into the

conceigplatimy ehasbercorlita sy MexbUr oA WHEXGR3RGeE to the
in which a percentage of the cation exchanger

condeieasesnd romsde- si de near the ani on exchange
menbrane toward the side near the cation exchange

menbrane. 5. A nmethod for operating an
el ectrodei oni zati on dei oni zed water 20 producing

app ording to an ne of Cains 1 through 4,

3. Shorer e ind T e Tat the St A (e 2ricantF den hged vater
chanber is water having a concentration of free

PLEA DI ARG Bt ar® 201 Claggp 1, Myheaz/in 25 45
6. An el ectrodei oni zati on dei oni zed wat er produci ng
systiemt hRawP e alr &l Erd chdeiosni; zar izori cdekBnhaedevwat €provided
produci ng apparatus, wherein the el ectrodeionization

on de¢ enioged it ef tpeeducimgx cippayanusbrone@mprd $&€8er permeating
bet ween an anode chanber having an anode and a cat hode

ma tphairiiehahang ng ot eaidiogdpy ba sdesah i akkeRaghamie®fud s provided
which a side near the anode is demarcated by an ani on

be@xediangt: NRTHIARS AR r Srde tHRAL RS AC %&gﬁ%%gies membrane.

demarcated by a cation exchange nenbrane
concentrating chanber in which a side near the anode
I's
4. Amethod for operating an electrodeionization deionized water
producing apparatus according to Claim 2, wherein
themixture ionexchangerfilledintothe concentratingchamber
is a mixture ion exchanger in which a percentage of the cation

exchanger increases from the side near the anion exchange membrane

toward the side near the cation exchange membrane.

5. Amethod for operating anelectrodeionization deionized water
producing apparatus according to any one of Claims 1 through 4,
wherein

the water to be supplied to the concentrating chamber is water
having a concentration of free carbon dioxide of 0.5 mg-CO,/1 ~ 200

mg-CO,/1.
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10 demarcated by a cation exchange nenbrane, a side
near the cathode 1is demarcated by an ani on exchange
menbrane, and the anode side of the anion exchange
menbrane is filled with an ani on exchanger; a
decarbonator is provided upstream of the

6. el el CRHLF ST RRI YN 2afel Uhi dedondeed prdduci pgoducing system
apparatus; 15 treated water of the decarbonator is

havdiispsi ed ecd node 1 ogd galtiimat denochaeden tefr pheducing apparatus,
el ectrodei oni zati on dei oni zed water producing

whegappar at us; and water to be treated by the decarbonat or
is supplied, without being treated by the

decamkosat et rod &1 bNEZEONER 'Heri@ﬂi%cpﬁﬁﬁgﬁ?rprc?tﬂlﬁné QEparatus
el ectrodei oni zati on dei oni zed water producing

con@)%%re%ﬁuﬁet%eeﬁ‘naﬁlfr%&é)%ja(?rg:ieé_‘g iag n.%eéﬂr‘é%&?e Vavar}cfr& cathode

produci ng system "havi ng an rodeifoni zati on Wa

[ ppa wher ei n_1 he el ectrodei oni,zati qQn ,
o 20 AP or A BUGEI h GPbAT IR RO 24 AUGHEH | Godnieh a side
be% en_an anode chanber ggying an anode and a cat hode
nesfe Vﬁ%aﬁﬁ@gehé\?i TRArCatRAdRY T FEEAN SRS ErEbrang and a

. Which a side near the anode is demarcated by an anion
s1q8 @RamgEN At e difd demagicasedely 2 ea tdathedehiange membrane
demarcated by a cation exchange nenbrane, and a
and; ghcepmeen i rat thanbeamber whn ckhachi de sielr dAdwer anigsdleanode is
is 5 demarcated by a cation exchange nenbrane and a
demsimis tegla byt Aecaat hrodecchHaigde memnbated, by ahd@mHedy the cathode
exchange nenbrane and whi ch concentrating chanber is

is fddnlataticdh by EnxEwien efkcexebangenpebnal) aRHORhe anode side
exchanger and a cation exchanger; a decarbonator is

of RhQVhHeon WSt A3 fentierf 66t EQUCLAN ZAL 1D and@n exchanger;

dei oni zed wat er produci ng appar at us;
adecarbonator isprovidedupstreamof theelectrodeionization

deionized water producing apparatus;

treated water of the decarbonator is supplied to the
desalination chamber of the electrodeionization deionized water
producing apparatus; and

water to be treated by the decarbonator is supplied, without
being treated by the decarbonator, to the concentrating chamber

of the electrodeionization deionized water producing apparatus.

7. An electrodeicnization deionized water producing system
having an electrodeionization water producing apparatus, wherein
the electrodeionization deionized water producing apparatus

comprises, between an anode chamber having an anode and a cathode
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treated water of the decarbonator is supplied to the
desal i nati on chanber of the el ectrodei oni zation water
produci ng apparatus; and water to be treated of the
decarabonator is supplied, without 15 being treated

by decar honat or o.the c fratij chanber of the

Ch?ﬁhﬁﬁ éP&hIZQFI% ae|%ﬁ$§%ﬂfh%§%+°% GRSy in which a side
apparatus. 8. An el ectrodei oni zati on dei oni zed wat er

negd ddiscichg sy d6eArmasest e ney tan @ an BXAlReIS mepdrEe and a
m xture ion exchanger in the concentrating chanber is

side neiaxt the dajmhaelec handgemnaroatd ¢y a pet tentaghaofgd hembrane,
cation exchanger increases fromthe side near the

andird OfoR¥ehangei e mohaniee t owar dhikche sSigieldaadat hehe anode is
cati on exchange nenbrane. 25 9. An el ectrodei oni zati on

den@&‘ﬁﬂ&?gyV@EgElgﬁ%% ARBALALHE afgd SRYd §bAY the cathode
bet ween an anode chanb avi ng an anode and a cat hode

1smgﬁggsgtga§5éngnaa&ﬁlhgqgh ﬁgg%@fhﬁpﬁﬁ gggngl coh%entratlng

a Si near anoae~1 s

exchange. . ane, and.a_ _si de near the cath i
o S I ROCR B bRERaHUe SHEABPaRE ol s tof exchanger

$oncent;ating chanmber in which a side near the anode
ang & Cc?é?fﬁbaet’%ﬁlwe&'cati on exchange menbrane, a side

near the cathode s demarcated by an ani on exchange

e Nt APRA L PN 2ike HhS BXENAAGEP St g f Hod edgcithedgncnd zation

side of the anion exchange nenbrane, and 10 a water
de*ﬁﬂﬂﬂﬁﬁiwg}anupﬂGQHCHngnampaﬂabyﬁnongIy basi ¢ ani on

exchange group is provided between the anion

exchangaredandatbe caf i aheexdbaagecnaesbr dre. supplied to the
desalination chamber of the electrodeionization water producing
apparatus; and

water to be treated of the decarabonator is supplied, without

being treated by decarbonator, to the concentrating chamber of the

electrodeionization deionized water producing apparatus.

8. An electrodeionization deionized water producing system
according to Claim 7, wherein

the mixture ion exchanger in the concentrating chamber is a
mixture ion exchanger in which a percentage of the cation exchanger
increases from the side near the anion exchange membrane toward

the side near the cation exchange membrane.

9. An electrodeionization deionized water producing apparatus
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10. An el ectrodeioni zati on dei oni zed water producing
apparatus, 15 conprising, between an anode chanber
havi ng an anode and a cat hode chanber having a
cat hode: a desalination chanber in which a side near
t he, apode is demarcated by an ani on exchange nmenbrane
COTR 3 RY d @ Segen: fr anedp ddambe rdbaui cgtad dnpde eatli ®tathode
exchange nenbrane and whi ch desal i nati on 20 chanber
chayglge ¥ ima sited |a desdiddeat | on chambers separated by an
i nternedi ate i on exchange nenbrane provi ded between
t he andewnl axehiaige-namyane, apgi tine, Cé&ﬁ@”n@é‘fh@ﬂgeanode is
menbrane; and a concentrating chanber in which a side
demedda i sy Lenmy catd an. exchange
nenbranebgﬁgggngﬁge neafﬁﬁﬁggg§¥ﬁggéﬂ%%§'?% ¢ M8 the cathode
i s ORIRd [ hange nenbrane and which
e conceﬁ%ﬁ%ﬁr@yf@%@ﬁ%&qﬂr@ |c§1afn| SFWERd A% ure ion
exchanger of. an .ani on exchanger ,and a cation
exc%%ﬁ%gF?9ﬁ{§£§qﬁ AN ATRES dEm B Chr Bofadsr Negrokhet @gode is
d and(ﬁer ate water of a reverse osnobsis nenbrane
SRR T T SYdRr ekt o iEthangsvaeabregshea Side eatad tdred cathode
. water to be supplied to the concentrating chanber. 11.
1S MfT@datahdl oai Zatlicon edaitomigee thewbirenepr aduainign exchanger
apparatus conprising, between an anode chanber havi ng

is @rcaricdel andthe caidweeidhatbenehavitg exaaimadeiernt?sde, and
desal i nati on chanber in which a side near the anode is

a wdesmrmatesh thih ARa88 081 exchalgfo RITRIANE, 8Adia S 46, exchange

near the cathode 1is demarcated by a cation exchange

grdEIThE e vad AWMU G S 8AL iZRa 0k cﬂ%%g??&%@%ﬁ%@%kchange

desal i nati on chanbers separated by an
mer¥hfxchange nenbrane provi ded between the anion

10. An electrodeionization deionized water producing apparatus,
comprising, between an anode chamber having an anode and a cathode
chamber having a cathode:

a desalination chamber in which a side near the anode is
demarcated by an anion exchange membrane and a side near the cathode
is demarcated by a cation exchange membrane and which desalination
chamber has two small desalination chambers separated by an
intermediate ion exchange membrane provided between the anion
exchange membrane and the cation exchange membrane; and

a concentrating chamber in which a side near the anode is
demarcated by a cation exchange membrane and a side near the cathode

is demarcataed by an anion exchange membrane and which concentrating
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15 exchange nenbrane and the cation exchange nenbrane;
and a concentrating chanber in which a side near the
anode is denarcated by a cation exchange nenbrane, a
side near the cathode is denarcate? b% an ani on
nge ran the anode, side of the anion
Ch%%%%%%efﬁ%ﬁi é‘{’r‘r i S XSG WP 9 ¥k a@siedno Bxachangen exchanger
nd a 20 water perneating material having no strongly
an@a%l%a L eEskangRje Wresgln s provi ded between t he
ani on exchanger and the cati on exchange nenbrane;
mher%ﬂlvﬂéﬁrwﬁstdeaﬂrbenatbnnﬂsomnﬂﬁtanﬁahﬁegeaﬂdate water of a
pernmeate water of a reverse osnpbsis nenbrane device

reversl restdyl useshiasnatavide 16 RA5%ddeat %@.e@ﬁ%s"‘%% er to be
to be supplied to the concentrating chanber.

treated and water to be supplied to the concentrating chamber.

11, An electredeionization deionized water producing apparatus
comprising, between an anode chamber having an anode and a cathode
chamber having a cathode:

a desalination chamber in which a side near the anode is
demarcated by an anion exchange membrane and a side near the cathode
is demarcated by a cation exchange membrane and which desalination
chamber has two small desalination chambers separated by an
intermediate ion exchange membrane provided between the anion
exchange membrane and the cation exchange membrane; and

a concentrating chamber in which a side near the anode is
demarcated by a cation exchange membrane, a side near the cathode
is demarcated by an anion exchange membrane, the anode side of the
anion exchange membrane is filled with an anion exchanger, and a
water permeating material having no strongly basic anion exchange
groupisprovidedbetweentheanionexchangerandthecationexchange
membrane; wherein

an upstream decarbonator is omitted and permeate water of a
reverse osmosis membrane device is directly used as water to be

treated and water to be supplied to the concentrating chamber.
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