FI LE: 12543PCTF. RTF ELECTRCODEI ONI ZATI ON APPARATUS
BACKGROUND OF THE INVENTION 5 Field of the Invention
[ 0001] The present invention relates to

an -

FILE: 1@548BCTFORI oni zati on apparatus. Mbre specifically, tmm’""mnmmllmlllmm
present invention relates to an el ectrodeionization
apparatus having excellent desalting capacity and *159159*
oper at i onal ERGIRODEIONEDATION APPABATIUSadi ng of weak -

Related At {00051 Convent | onai 1y tne.deront zea et AN
used in various industries including sem conductor ' *G00002*

manuf acturing industry, liquid-crystal manufacturing
|ndust_ry,OI phar maceuti cal industry, food industry and
power industr tc. I ' rch 15
facilities, ﬁ%*?E&%H%H?i§8gﬂgﬂg®3g%89ﬁ§§fng a type of
~ el ectrodei oni zation apparatus described in, for

Fieldef Hrepheentb@panese Patent No. 1782943 (JP 1782943), JP
2751090 and JP 2699256. In the el ectrodeionization

(0001 3PPBE rdsent Nk éritipine rélaiesntoe st helngedermpndatian egprarafus. More
cati on exchange nenbranes are alternately arranged

speci AEAINE&Re gré‘s@ﬁth geRntidNdelafRs apageclettralci@iinaioal apphoitus having
concentrating conpartnents and desalting 20

0 Jh - I : ehfibidi
excelfT BT Dag ty End B SCOMRE A TP A oA oty verk
. Jon exchange, r.esin of ani on exchange resin and cation
lons ‘é‘fi@‘ﬂﬁ%‘g& ’léjsﬁ‘ﬁ?a'i on exchange fi be?s or the Iike.
Moreover, to reduce the electrical resistance of the
concentrating conpartnents and thereby maintain the
required current magnitude, an el ectrodeionization
Desceiptia of ths Refutédiditng concentrating conpartments filled
wth an i FILE 12543PCTF. RTF

[0002] Conventionally, the deionized water used in various industries including

semiconductor manufacturing industry, liquid-crystal manufacturing industry,
pharmaceutical industry, food industry and power industry, etc., as well as in research
facilities, 1is freqﬁently produced by using a type of electrodeionization apparatus
described in, for example, Japanese Patent No. 1782943 (JP 1782943), JP 2751090 and
JP  2699256. In the electrodeionization apparatus, multiple anion exchange
membranes and cation exchange membranes are alternately arranged between a cathode
and an anode to alternately form concentrating compartments and desalting
compartments. The desalting compartments are filled with an ion exchanger that is
constituted of a mixed ion exchange resin of anion exchange resin and cation exchange
resin, ion exchange fibers or the like. Moreover, to reduce the electrical resistance of
the concentrating compartments and thereby maintain the required current magnitude,

an electrodeionization apparatus including concentrating compartments filled with an
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5 ion exchanger has al so been proposed, as descri bed

i n Japanese Patent Application Laid Open No.

2002- 205069. [0003] In such an el ectrodei oni zati on
FILE: Rp9RCHT-BY, each kind of ion conducted into the

desal ting conpartnents reacts with the i on exchanger

and noves in the ion exchanger along the direction of .
ion exdhasidrihaghlsp beanpiopbsedr adldesntibédindapgnest Patentrdpplisation Laid

according to its 10 affinity, concentration and
OpenW@?bbbE&OS@ﬁﬁ ions further traverse the nenbranes to

mal ntain all conpartnents electrically neutral.

[0003] ] HS sgl\réﬁfa’epn%llé]&rd.dg%%iﬂ[ign ra? t\éﬁlq, E4AMind RE 188 28AdUcRE into the

S and concent ed 1 n the adjacent

concentratin C toent s : :

sl R RPHCRBIE "HE B R Y o s e b eaf A ip figdon exchanger
directionality of electrical, potential_.gradient. That .

along e ditseliepl BHETSHPAUFNhATGHET 157 SEFHEG FENDH EY g it
cati on exchange nmenbranes and the ani on exchange

affinitye mbormastsationr especatiiliyl y Thentpnar farthem serrsatla membrpges to
concentrating conpartnents. Therefore, the water

mainfi® 41 ¢8ehphfiRh s htediitadlytiengak oyambmentte ioanatsgemoved from
recovered as deionized water (pure water). [0004] The

le LA 234 1 @Bn@RRaAtcat U ithe Cadjakdne @bncentrating
the gl?%:ﬁirll nt%ﬁ?[%l enmenti ng 21 20 edesal ti ngac?r eat nent

W t hout .t he requjrepmen: [ j h
compieiate, eora 1 e EFpeRo FUBREAY, PO ehimes jnd the

apparatus has. the capability of._continuousl
it ext

direcpipualiii Pigelseirigal peti gl 81 T EgieB i o auions

[ 0005] The cited Patent docunments include: Patent
permetaicuhvengh the gaionzgolunge aerpbieask anddbe dBign epchagge membranes,
2751090 Patent docunent 3: JP 2699256 Patent docunent
respéttivdlgpaneare Ratcentatepi ihcabnomtiating cOpeartNonts.  Therefore, the
2002- 205069 [0006] However, when the |oading of weak
watet PRIUCEE e i ddshMin@REmphttmeatsican tle@edovered as deionized water

(pure water).
[0004] The above electrodeionization apparatus is capable of efficiently implementing a
desalting treatment without the requirement of regenerating the ion exchange resin.
Therefore, the electrodeionization apparatus has the capability of continuously
producing deionized water of extremely high purity.
[0005] The cited Patent documents include:

Patent document 1: JP 1782943

Patent document 2: JP 2751090

Patent document 3: JP 2699256

Patent document 4: Japanese Patent Application Laid Open No. 2002-205069

[0006] However, when the loading of weak ions including CO, and silica in the
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FI LE: 12543PCTF. RTF 5 el ectrodei oni zati on appar at us
is high, i.e., when the concentration of the weak ions

B ' CX2 and silica in the water being treated
F“E~F§2##S%Hgﬁ t he anbunt of such water being treated is

| arge, the quality of the deionized water produced is
deterjiorated as indicated by the specific resi ﬁt I Vi Ly.
electrofleipaigationVBPRAIWS is thigh, dicechFR Ahe CRRGD{TANR obiths ek ions
system gets higher after |ong-termuse, so that the
includingrGd, onadilist mithe magerdfeingheetghisrhighier theameunt gheyaywater
[ 00071 Moreover, Japanese Patent Application Laid Open
beind\@eatéd 0212205068 byl 5@ ddibwited hates qmodutied b idetpriorated as
conpartments can also be filled with an ion exchanger.

. i ' a t lr@Gdtince of th
indicfiEd LORE b ictiDRy Mdrer @ MoriRITING ol cctios G2 of the

concentrat i conpartnent s I r i qt:ad i
e P SRR T E LR R DA 18 s
ani on exchanger to cation exchanger of the ion

is lovsstgthanger is not particularly discussed. Therefore,
as in the desalting conpartnents, a mxed ion _

[0008xMosenyer. epangsh Roteng Aphbcasianelaiq SInereNe-ad (B -5 0qR dbislosed
exchange resin to cation exchange resin” of 7:3 1is

that fiel ¢@dentratingeccoprrmmntatamglsoobpdilledenitls annionhexchanger.  As
exanpl es of Japanese Patent Application Laid Open No.

descrtUan2RSPRE: ar2 Qod A8 lan et ¥endudtorpikeRindos edhahper is filled
prior art, one object of this invention is to provide

i | gt t Ataif celdugrl
m t%gscg)}‘?eﬁlﬁfégg pgdgllll y a‘%gs gggtr%g?ifgﬁarflgﬁgaggl ﬁ{éy ed\ye_n _ ourrent
R AR iR 8 ) PR 881 Ll
el ectrodeioni zati on apparatuys of this invention . .
is nof pattigalasy Sipcusseile ARGTEIOTE, @R M HirgieSARG CAMBArHGRIS 4 M lon
exchange nenbranes that are alternately arranged, )
exchbegevessim daviaghibdesaard “welumeotisiot of gnhioar pxghange fesipto cation
concentrating conpartnents and desalting
exchGRFPREINTRITIR3 s fitled 0N GeNEdTRENtAYingorNararmemt s inathe dxhmples of

desalting 3
Japanese Patent Application Laid Open No. 2002-205069.
[0008] To solve the problems of the prior art, one object of this invention is to provide

an electrodeionization apparatus that has excellent desalting capacity and operational

stability even when the loading of weak ions including CO, and silica is high.

SUMMARY OF THE INVENTION
[0009] The electrodeionization apparatus of this invention includes multiple anion
exchange membranes and cation exchange membranes that are alternately arranged
between a cathode and an anode to alternately form concentrating compartments and

desalting compartments. The concentrating compartments and the desalting
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FI LE: 12543PCTF. RTF 5 conpartnents are filled wth
i on exchangers, and the filling ratio of anion
cati on exchanger of the ion exchanger in
FILE: ﬁﬁéﬂgﬁggtntratlng conpartnents is higher than that of
the ion exchanger in the desalting conpartnents.
[ 00101 As nentioned above, in the Lectrod i oni zat
compappwentstars fillethavithaon sxehangerspand 'thPeﬁj REIrANAt ranlé’é‘r%fé‘l‘@er to
the cation exchange nenbranes to be concentrated in
catiot kechah@eradinbe i axchargec onfarconesmiratiog dompartmensriskigher than
Si mul taneously, the anions in the treated water
that dTeRERAlR chdh@epinl the desstthgn@eprerdenanes to be
concentrated in the concentrating conpartnents and

[001(&2@&9 thETRKEE - abeanWNink ol PdcidRfab iafPardi®NGict dions in the

lons that are difficult to renove are converted

treat% &agmﬁrmeate}_@}e%atlol%y {(ﬁgn m n%}ﬁn&e{be'b@t&)QCér{tQ@dt nﬁthe

S reactiron in sa tlng con‘partmants and

are 15 emtted to concentrat
concering q%‘&%ﬁ@%&?‘;ttﬁ%“ Preved, Mg n@?a}é M figng o the

concentrated at the interfaces of the ani on exchange
treatede MateInpermeeker thehanigpnesharsst Mg EeESalr At rcecHiRigds e the
of the concentration polarization effect. Wen the
concENftiBRtcoaiphameprlaaditzat iconnved.  MeDBvhbited CO4SndBilich agiong the
| ow nmobility gets overly large, the electrical
weak Rpk $hanee dficilh® fysdverré sodredits SICORknd¢ISi0E by the OH
removal of ions difficult. Therefore, the renova

ions rg%h% gteﬁf rbiCeile Ol{s}ﬁirbl\?\ﬁs | ONB1R0in et NRallhl Qfonﬂfahme[lgollgé- are

ove ca count er-charged cation

. ger resent the interface of the anion
mn“@ﬁé gﬁﬁ@“ﬁﬁﬁ%&ﬁﬁémﬂggﬁngﬁé concentrating conpartment,

the aforenentioned concentration polarization occur
[001 kb FretheaasipRiatuse dha AHORIR SPRAIES HRsMOT coBCeRiRlsAA 4he Infetfaces of

retarded. On the contrary, when an ani on exchanger
the @niors bxattanphiendmitrendsaney the cnnesntradng eampatments Acpange iof the

difficult to occur because the nmotions of anions are

concafeslr pdledzatiBareffect| avhan thehemceitention|dolargatiant b6 HEIO,™ and
ani on exchanger to cation exchanger (abbreviated to

HSl@n'h‘RO{n‘éqg{v%oﬁlﬂw Beth et &y as& ihe Blectiogl desibtagiechamhgeystem is
concentrating

raised making the removal of ions difficult. Therefore, the removal ratio of the ions is
lowered in the prior art.

[0012] In the above case, when a counter-charged cation exchanger is present at the
interface of the anion exchange membrane near the concentrating compartment, the
aforementioned concentration polarization occurs more easily because the motions of
anions are retarded. On the contrary, when an anion exchanger exist at the interface,
concentration polarization is difficult to occur because the motions of anions are

accelerated. Particularly, when the filling ratio of anion exchanger to cation exchanger

(abbreviated to anion/cation ratio hereinafter) of the ion exchanger in the concentrating
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4 FILE: 12543PCTF. RTF 5 conpartnents is higher than
that of the ion exchanger in the desalting
conpartnents as in this invention, the notions of
FILE: 8§#83F-RAtI udi ng HCOB - and HSi 8- are accel erat ed.
[ 00131 The el ectrodei oni zati on apparatus of this
invention preferably has nultiple desalting
compaetmeatstimhigher thad thalrod ding mthn@artgsnpaﬁhﬁ ifesRleng orepastments as
the anion/cation ratio of the ion exchanger in the
in thi§ @&AN6E,ahé MBLIEAIPRANESRNhdudiag T ED £ nad HEiG5/aRbadceleB¢d
in 10 partlcular Mor eover, the ion exchanger filled

[0013] ThE &1 GRRAERM RSN % &gm%mg ﬁn{/e%tloﬂrgrfe&rrﬂh& Yha8Nmultiple

on exc ange resin, erein the crosslln ng degree of

on _exchan %
desallifg ¢BPRAPFIR 0] ?%%Cﬁaﬁg““egs“s““hpaﬁﬁi £ Sintyeh HIP Ay i ratio
ani on exchange resin is.preferabl
of thg aory pxdepgeligdhs &R} fﬁ“fp EPEHRES ‘Sl%fefeg%’iﬂ?&g to 95/5 in
menti oned above, the electrodelonlzatlon appar at us of
particHlirs iMeteavdrothehion exshenger drted dadhe CPRGENEANRE FORPATGENts is
operational stability even when the |oading of weak
prefer&b$ ah it exdhmgzeGeRn awbiersinl the arasslintkinmghdegheoarttié agby exchange
even when the ratio of the water introduction rate

resm( 's/ ;mefe'raﬂ)tl :M% Q{%}Sﬁiat bPGh& AR bXAhgd Pestihes picdi@ablyve10%.
of ani on exchange menbrane in the

desa'“ Qr ¢ 9b&hble Onidh &k cRingeCASI in

The ¢ 2" Uné*o n% %’ Fpgﬁﬂgé? con t?ong (& anC (%% n
.]gtlsfled good results can be obtalned in some

PatigSlect s i ncludi ng the desalting capacity and the

el ectrical resistance by set the curre ensi t.
10014} Asowsmiienss SrovRi é}?e?l““?‘?ﬁjé’%@g‘lofllaé’ﬁa’(ai‘)s SE g pfifn has

ratio of the carbonate |oadin -C2/ h) into the
excetlestaddshltigg cappart aehopdratiartaé s@gﬂém tevoR V%heéath demghing gf weak
t he ani on exchange nenbrane in the desalting
ions GRSTRENE B aridSsifiéh Rrhifh.gh&tcordingly? Bvanwtet thenrafid Jofitse water
that the ratio of the silica | oading (ng-Si A2/ h) into
introtdpalcﬂ'leﬁf’é {m?)gmt& AR borthPartintab et ffactivaata (AEAPIS the

e anion exchange nenbrane in the desalting

amon ex %%tgg?r{‘]etmt;rgneslnqae He&lﬂﬁ{g compartment is 5 or higher, or when at least

one of the following two conditions (1) and (2) is satisfied, good results can be obtained
in some aspects including the desalting capacity and the electrical resistance by setting
the current density to 300mA/dm? or higher. The condition (1) is that the ratio of the
carbonate loading (mg-CO,/h) into the desalting compartment to the effective area (dm?)
of the anion exchange membrane in the desalting compartment is 80 or higher. The
condition (2) is that the ratio of the silica loading (mg-8i0,/h) into the desalting
compartment to the effective area (dm?) of the anion exchange membrane in the

desalting compartment is 8 or higher.
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5 FILE: 12543PCTF. RTF 5 BRI EF DESCRI PTI ON OF THE
DRAW NGS [ 00151 FIG | schematically illustrates a
cross-sectional view of an el ectrodeionization
FILE: A0 3 (X according to a preferred enmbodi nent of this
i nventi on. PREFERRED EMBODI MENT OF THE | NVENTI ON
[00161 FIG | schematically illustrates a
cross- sect | BRHIF DESWRIPTION S EHEJRANINGR i on 10
apparatus according to the preferred enbodi nent of
[001ShFEG.i InschitiateallyTillestedtescd rwss-gaitionalzdewod aappentwdaonization
W Il be described in detail wth reference to FIG 1.
appal 88slactolding toen RtREded @ARbAMHRLT this mppdioat us, multiple
ani on exchange nenbranes 13 and cation exchange
menbranes 14 are alternately arranged between two

el ect [ 00gR {Fn AR ABIA EORHOTRVERIION

al ternately formnultiple concentrating conpartments

nd desal.ting c artnents. 16. .The S ing. . .
lOOl%ﬁﬁ%irfﬁgﬁpglfghg%@sqﬁgp%8ﬁggﬁ?ﬁgnghgewg%%%g?%%%ﬁ?gmfgﬂon
are respectively filled wth a m xed ion exchan
appardy feefrdingt fooHie BECHEHY snﬁgaéﬁnﬁi“f A B “avr?f‘Bﬂ“e)gih%r?&ecm‘
~resin I0B. The anode compartnent is |abeled wth
deioniggrion apparatysevidiherisgeritedip detaperith referengsde E4Gw t h
"18". [00181 In this invention, the anion/cation ratio
(00137 [1t the elrciredrivWmatEncippargtisy Beltipld anipe dxdhang@membeanes 13 and
concentrating conpartnments 15 is higher than that of
catidnhexdifai@dmieibrancs Hange dlesnatelyfdrtdngetl ibatwdes tdeselkttiaigs (an
conpartnents 16. Therefore, as explained above, the
anod¥0t1l £ASy Ofiho NGRS alkdRedteld) fHem HEEpla REnddatieBn@é@mpartments 15
accel erated so that concentration polarization near

and é\%gﬁgl{ékcgﬂlfﬁﬁg%?QQ% mﬂ@%@%glé’bdaﬁagﬁﬁ&@ g gkl tHéQ‘&ﬁ(Y&lrtﬁating

cation ratio of t m xed i on exchange

ninth h ; ‘ . ( | .
comThTyh. | AR CERTE A1 b sa ST oa Sh e cAebfe R of caton
oncentratin on. the s

excPHEe Tt U SYLRANGE TN NS TR TEAOL RUBRT PaEI Ayiabeled
withc“cir';p,aarntdrtr}?g] gatl:ll-osde compartment is labeled with “18”.

[0018] In this invention, the anion/cation ratio of the mixed ion exchange resin filled in
the concentrating compartments 15 is higher than that of the mixed ion exchange resin
filled in the desalting compartments 16. Therefore, as explained above, the motions of
anions including HCO,™ and HSiO,™ are accelerated so that concentration polarization
near the anion exchange membranes 13 is prevented. However, when the anion/cation
ratio of the mixed ion exchange resin in the concentrating compartments 15 is overly
high, concentration polarization of cations will occur at the concentrating interface on
the side of the cation exchange membrane 14 in the concentrating compartment 15.

Therefore, the anion/cation ratio of the mixed ion exchange resin in the concentrating

compartments 15 is generally 75/25-95/5, preferably 80/20-90/10 in particular. In
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Therefore, the anion/cation ratio of the m xed ion
exchange resin in the concentrating conpartnents 15
1S l'y 75/ 25-95/5, preferably 80/20-90/10 in
FILE: B&?%%Eﬁf‘g% .In 6 FILE: 12543PCTF. RTF 5 addition, the
anion/cation ratio is defined as the volune ratio of
t he ani on exchange resin to the cation exchange resin
in their regenerated fornms. [00191 Though }on exchang$
additioasilre anjon/seliPratations dedined as Hhp gofume, ratpeof the anion exChange
concentrating conpartments 15 in the
resin ¢ getontoe exohaggd fesm iapler cegascrafed Bp@is. 1, the i on
exchanger filled in the concentrating conpartments 15
[0019]STHRIgh! i8R tdxchingd resini iorused @bahe éorr esdhanganid thervoflentrating
exchange fibers or a graft exchanger can al so be used.
compaPWRNEN 15 fnfiRe ERPr&XSEAANARM dpparalls&IfENGDI ythakbr @thanger filled
exchange resin in consideration of handling facility.
in thmgﬁ&\{lﬁﬁtin%Em'ngar_ttﬂlaﬁtg iiseRsiRr&stliGedit i@ ekdMAfEE Y&in, and ion
resin having no ion exchange site with the ion
exchange resi.n._ ln such , e ' cat.i; [ :
exchie 8% B B e La Sy kS A pRye e 08 ok ler i
al so wi.thin the aforenmentioned r e,,.15.[00201 \Wen a.. .
prefeqaiuan g OBRERSEgen BAPRS ISR aT BATIiE Tabi b ARG F 1 s
filled in the concentrating conpartnments 15 the
also fengiblel tp i IBRGIVESCHR havies XAiilem cxshangngite Wukithe jog exchange
preferably 3-8% and that of the cation exchange resin
resini s Iipsheraats, thesani@ysatighaatio € theciop s3FhangpmeciElipedegnactive
respective ion exchange resin is |ower than the
resind®ake sythndiheg forementionddmatge. t he nechani cal strength of
the same is weak. Wien the crosslinking 20 degree of
[0020E SRS A Yifixe® RorL ¥LdIANGE réds i usad b gleeiont bahatidee filled in the
correspondi ng upper limt, the electrical resistance

conc%tgﬁﬂ?he e?tmeings PAVRE SRIsYidiGhS @ﬁgreé @0 &klar® edHahge resin is

rcentage of anion exchange resin in the ion

prefe[eré(bclg ?,8%’2 ani G b dle LG C?&g@g%er Akinng Ip? ongfyt %04 WPhen the

egradation w r afte - term

ration rajsing the elecitrical resi,stange. i .
cros BRI TE]EC GhERPESH 87 Freengnges abPha iy o rrksonding
oxi di zed/ degraded in the Presence.of oiéyg%ﬂi f
loweéxlgﬁﬁi the mgghanical strength o the same is weak: en

81re crosslinking
degree of respective ion exchange resin is higher than the corresponding upper limit, the
electrical resistance of the system is adversely raised.

[0021] Moreover, when the percentage of anion exchange resin in the ion exchange
resin in the concentrating compartments 15 is high, degradation will occur after long-
term operation raising the electrical resistance. That is, generally, when the ion
exchange resins are oxidized/degraded in the presence of oxygen, for example, the
anion exchange resin is degraded prior to the cation exchange resin. Therefore, when

the percentage of anion exchange resin in the concentrating compartments 15 is high, it

is preferable to use an anion exchange resin that has high resistance to
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ani on exchange resin is degraded prior to the cation
exchange resin. Therefore, when the percentage of
ani on exchange resin in the concentrating conpartnents
FILE: B3PS TG, is preferable to use an gnlogpexchange
resin that has hi gh resistance to 7 FILE
12543PCTF. RTF 5 ox idization/degradation and good
thernostability. [00221 The water supplied to the
oxidigitiootdegudadon aut gand therpwstabilyyi s general Iy sonme raw
water |ike city water that has been treated with
(0027 CTlieveaeakhygliednd thevkesedosmpaion {fR@atus spganatallyrsome raw
wherein the electrical conductivity is 3-10pS/cm the
waterclﬂ&cﬁff,l walet @fat Rhs K& trdafed3vidD pitiveasachdnhedaenaendsmadsioRO)
Iica is 0.2-1.0ppm To treat such water, the 10

separgf; rP %kfe%lh‘%f?e %%Urf%apéoﬁdlﬂgtnh%nls@(—@bﬁ@@ﬁ HeSEdhobmtrdiddf of CO,

sal tlng conpartnents 16 is required to be

is 3—&?;! Ecg)/tﬁ;ep co Eﬁgt\{' 0]f tsl?fé q??)a%wtl'Oggmco%afrEMtﬁ wdler, the

g th restric f A n exchange resin,

nd. ot her

amon? %18P§at&, o} %Egor}o?)iglggxﬂ%:er)é& an redegglggg %85‘%@ %qgw&aulred
o T SR P TR e e

compartments 15 and the desalting conpartnents 16 %,

with idneexghengerrogini and; othgritype efipnesehaasen suahy as 1ph GxGhpngmfibers or
Anong the ions in the treated water conducted into

the likb enagentsal id wsgd.conpar t ment s 16, the cations and the
anions perneate the cation exchange nenbranes 14 and

[0023]h&s dRi DBorRxahaNY eldvanticianiestidB apparaiageht iwstryto batreated is
are concentrated in the concentration conmpartnents 15.

condlYaad\Witb ! 1Be c8fkehiiftinBEQ/hpdHtRcises dhahe dbalbigsadnipangnents 16
conpartnents 16 is collected as deionized water. On

in tht I%?ec%?&Bnﬁm GRRERODLT &€ thodatiss. C%Bﬂg Rh1bnd iR it treated

concentration O Ions 1Is output fromthe

wateg%gg nt r(ﬁ_ﬂg&g ar \ gggﬁ’lﬁ&éme{lﬁo%ltﬂgt} E&fb\ﬁgr andt anions

€ cat hode corrpartmsnt
are al so |ntroduced ith eiect({) e wat er

permgaiecaICAJoR RECTBEF GUHOMBRSGH CRbAECHY phegpaiet fbnlttanes 13,

respectively, and are concentrated in the concentration compartments 15. Meanwhile,
the water produced from the desalting compartments 16 is collected as deionized water.
On the other hand, concentrated water containing a high concentration of ions is output
from the concentrating compartments 15.

[0024] Moreover, the anode compartment 17 and the cathode compartment 18 are also
introduced with electrode water, which is generally the effluent water (concentrated
water) having a high concentration of ions from the concentrating compartments 15 for
maintaining the electrical conductivity.

[0025] More specifically, the concentrated water having a high concentration of ions

from the concentrating compartments 15 is generally divided into several portions. A
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25 water) having a high concentration of ions fromthe
concentrating conpartnents 15 for maintaining the
riLe: B8t g conductivity. [00251 More specifically, the
concentrated wat er having a high concentration of ions
fromthe concentrating conpartnents 15 is generally
di vided into several portions. A 8 FILE 12543PCTF. RTF
partion of the concentrate ter ated to .
porthrh@f i Beegonsentiied et rcéwﬁbevga r{B%rTf?én%Cfu *Tsc?'bcre““a““g
i ncreasing the recovery ratio of water. Anoth
compggmentsn 1§ sfor Jngrepsing the resryerniraiio gt VAT ané&%‘her portion is
conpartment 17, and the remaining portion is
supplikids ¢hahgenleoof gheenotie omprpEment Wasndwle eiemfaging portion is
preventing ion concentration within the system
dischiMprawatside, the bst@h fab westewasd €or freoentingéoao@aentration within the
conpartnent 17 is supplied to 10 the inlet of the
systef@t NRERwARIRPRE TRt Ihtcrdidn tthe agddel dopiparmRhel 7 iy Qipplied to

the cathode conpartnent 18 is discharged outside the

the 13%?‘ ?”Ehé‘%aﬁﬁﬁ& Q:ng&trne[nPQ%G Lnlinnt henade rv@ﬂ@rmfﬂoﬁf]% cathode

rocess € possi ty of concentration

olar n ons including
comBRpRh 55 R RIRERIA b S%éﬂ% A ng
erfac of the anion ex an nmbrane 13 i.n
(00280 }c it A TREPHETRB AN DTFS PGPSOy, o bgtyirqpr fiarization
|ncrease in the follomnn arane ers. One paraneter is.
espegidly &r%@ﬁtwea&flowew@hiddh% c?‘lﬁidf’"‘lﬁa SOpURRg Ajths ggneentrating
conducted into the desalting conpartnents 16. Anot her
interfoae afshernion ¢xvbargeromembagnendhin ithh songeairaidns gomuprtmert 15
silica noving into the concentrating conpartnents 15
increfigeawitththedearahsei inghe fofjoavibgrpatasields.t hOpugdramkeer &nthe mmount
exchange nenbranes 13. Still another paraneter is the

of wédk {oRBtindlediff tCO 28 sitlda c@iuctA2into tHevdeslting comphin@ents 16.
el ect rodei onf zati on apparatus of this invention

Anotﬁ@regga%rﬁet%p% th@ BnBRACSHW AR bR ineluding 0O, hiRsiBéCRati@g into the
In the concentrating conpartnents IS hi gher than

conc&n@attin fcohﬂ;%rth% tsefg(ggﬁg@% tde elég tc?xﬁlgﬁjtrégxﬁg 16 throu%h the anion
pacity a

exch'fuggifr at | nal kbﬁtgl,]%r}/otlgearr;])apa%le fc::rhlls %}/eecqxrr%Xte@en\é\ﬁ apph@g

[0027] However, for the electrodeionization apparatus of this invention wherein the
anion/cation ratio of the ion exchanger in the concentrating compartments 15 is higher
than that of the ion exchanger in the desalting compartments 16, excellent desalting
capacity and operational stability can be achieved even when the loading of weak ions is
high. For example, the electrodeionization apparatus is stable in the aspects including
desalting capacity and electric resistance even under the condition that the ratio of the
carbonate loading (mg-CO,/h) into the desalting compartment 16 to the effective area

(dm?) of the anion exchange membrane 13 in the desalting compartment 16 is 80 or

higher (or even 250-300), or that the ratio of the silica loading (mg-SiO,/h) into the
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hi gh. For exanple, the el ectrodeionization apparatus
is stable in the aspects including 25 desalting
_ nd el ectric resistance even under the
FILE: ?Z%E%ﬁr%rﬁ@t hat the ratio of the carbonate | oading
(my-CA2/ h) into the desalting conpartnent 16 to the
effective area (dnR) of the anion exchange merrbrane
13 in the desalting conpartnment 16 is 80 or gher
desalfipg cempartmsn- HO©) the gifeethvg ared (m 3 of ghopnipn éxaang?g gembrane
| oading (ng-Si A2/ h) into the 9 FILE: 12543PCTF. RTF 5
13 indéis aletaltigg compatinemnté 68 pohigher @i fegen il y&Sararathgt Gemyrrent
of the anion exchange nenbrane 13 in the desalting
densicp pazaomeAidn6oi shigheor (dni elear 60@12@MeA/dhsY.25)Accorditgint the
the current density is 300mA dn2 or hi gher (or even
elect@@@mnﬂzﬁg&’mﬁ{)MS ch Gerfiithé! dbmpabgfied, which is quite attractive in
el ectrodei oni zati on apparatus can be further

Consﬁggg_gggygéo%gml@| ch is quite attractive in
consi deration of econom cs. 10 [0028] Moreover, in the

| ectrodei gni,za S e
(002, BELEREE BOVETS ‘éfe?"?a@*‘i’%?wﬂ ek egééﬁéa@%%@%“ 87 anode
can alsq be filled wth tric r_an
comginedk datgtie FiREe tamettithge Farcpiss CeRlip il of Beeuic
[00291 The fol | owi ng exanpl es and conparative exanples
condyptar B‘i’%\/‘PHé’dCQ?’@g%‘ﬂé@l ipp gxghapee EXPtain this invention.
Exanpl e 1 [0030] An el ectrodei oni zati on appar at us
having a water-treating capacity of 1000L/h is wused,
which is constituted of eight desalting conpartnents

[Exaagulbs]havi ng di mensi ons of 20 250mm x 400nms X 5mm
(effective width x height x thickness) and

[0029]0'UB@ RSl loalihg) ex GOpBA Rt dTEdth Sar&daheXamplascara ptdviddinespeafically
5mm The desalting conpartnents and the

explggmgm\;eﬁﬁé@g compartments are respectively filled
a m xed ion exchange resin described below. The

Exa%@eeﬁf supplied to the apparatus is city water that has

[0030] An electrodeionization apparatus having a water-treating capacity of 1000L/h is
used, which is constituted of eight desalting compartments each having dimensions of
250mm x 400mms x Smm (effective width x height x thickness) and concentrating
compartments each having a thickness of 2.5mm. The desalting compartments and the
concentrating compartments are respectively filled with a mixed ion exchange resin
described below. The water supplied to the apparatus is city water that has been
treated with active carbon and reverse osmosis (RO) separation. The quality of the
supplied water is as follows: electrical conductivity = 104S/cm; CO, concentration =
20ppm; SiO, concentration = lppm; water temperature = 10°C. In addition, the
effective area (dm?) of the anion exchange membrane in the desaiting compartments of

the electrodeionization apparatus is 10dm?,
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treated with active carbon and reverse osnosis (RO
separation. The quality of the 25 supplied water is as
HLEZQZQJ_IA ..RTE! ect r_i cal conductivity = 10 uS/cm CO2
concentration = 20ppm Si2 concentration = | ppm
wat er tenperature = 10C. In addition, the effective
area (dnR) of the anion exchange nenbrane in the
desalting conpartnments of the el ectrogdei.oni zgti.on
In the gpealtng comRa 2 mixefl ipp eEchange fossrhE iRg-pn s ajign eKghange
~desalting conpartnments: a mixed ion_exchange resin
resinfratipm gxcangaresion ratic@aingécatipa sitiy) @4t 0/ Bxchange
resin” ratio (anion/cation ratio) of 7/3 (v/v) In the
In the @onetratiid ognpanmarts:emix:d ian wkzleoige ocsiekevingge anwiqation
havi ng an anion/cation ratio, listed in Table 1.
ratic1QRA%A Tibe mater flow rate into the inlets of the
desal ting co][rpartrrents is 1000L/h, and 10 that into
00 B e e o e AR e T % 1/ ond
concentr.ati 0 Sl Lvided th
that G RS e ATREL AR Skt O M Gt B G2l
systemat a.f]ow rate of 200L/h nd_an I i .
waref {TauiiR aht R4S Cotifnfa e SPpatins A e YUGE incoPRE Bltions,
conpartnent and the cathqde conpartnent a n
wherginsg Rortiga ds Sisehargrd Quidds ihe st ngta? ‘P%WF&? 20@2/?‘561"/ fpother
The 15 renmi ning portion of the concentrated water is
portion rig Ldequendially eandustad ¢hepugh thpeanode foamartaenhgnd the cathode
conpartnents. [00321 The water introduction operation
comp@tmantanduiddn uistbargad cutsiéntheofysém fapra Howotatenof S0L/h. The
wherein the conditions of water introduction are
remdihinf €fottioh0vf thbecspenidted weaish siti virdulatedf tot hiee Onlefsutof the
water and the operation voltage after a nmonth are
condeh®4ifil domphaledtsl. The 20 specific resistivity and the
operation voltage are stable and do not deviate from

00 L AR Sl BB T T ont,

whe%c%%%&o%ﬁ%%% it\nf%gerrifqttroedll(ck'iég)aré NieQd %Ql%w(.jesmetsjpgaﬁc resistivity

of the output water and the operation voltage after a month are listed in Table 1. The
specific resistivity and the operation voltage are stable and do not deviate from the
values measured in the beginning. The conditions of water introduction include:

1) the ratio of the water introduction rate (L/h) into the desalting compartment to the
effective area (dm?) of the anion exchange membrane in the desalting compartment
being 12.5;

2) the ratio of the carbonate loading (mg-CO,/h) into the desalting compartment to the
effective area (dm?) of the anion exchange membrane in the desalting compartment
being 250;

3) the ratio of the silica loading (mg-SiO,/h) into the desalting compartment to the
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effective area (dn¥) of the anion exchange nenbrane in
the desalting conpartnent being 12.5; 25 2) the ratio
. t bonate | oading (ng-CQ2/h) into the desaltin
HLES%%ﬂ%ﬁT%@Et to the effective area (dngZ) of the aniong
exchange nenbrane in the desalting conpartnment being
250; 3) the ratio of the silica |oading (ng-Si Q2/h)
into the desalting conpartnment to the | | FILE
effasing RERRARTFof Heainien exapangg wgmbaiz)in the despdtingheqsppartment
exchange nenbrane in the desalting conpartnment being
bdidg $2.5amed 4) the current density being 800rnA/ dne.
Exanpl es 2-4 and Conparative Exanples 1-2 100331 In
4) theauhenf dénbiey BaiagBb@aA/dihe water introduction operation
is inmplemented as in 10 Exanple | except that the

Exanﬁale@rzwaﬁa%nﬁ;ﬂiﬁaﬂv@kxhh@wmd i on exchange resin
In t he concentratlng conpartnEnts is varied as

[003%\£ T?:th Cf]tpﬁ-g;?eﬁnélQ§Qh£ \&térelﬁir&ﬁdc‘(Phﬁlpgfatﬁ)hQS ifApfeRidhted as in

e op ration vol age a a nonth i n each
e Rl B H K B ero*“;é%gﬁé SR g v
[l ed th t roduct
e S ST SOUCLL 1 Concely UL e AR o

cation of water produced
output water and the operation voltage after a month in each example are listed in Table

1.

Table 1
Anion/cation ratio of the ion After a month of water
exchange resin filled in the introduction
concentrating compartments Specific resistivity |Operation
(anion exchange resin : cation of water produced  |voltage (V)
exchange resin (v/v)) (MQ - cm)
Examples 1 8:2 15 86
2 9:1 14 86
3 7.5:2.5 15 90
4 9.5:0.5 14 88
Comparative | 1 7:3 12 126
Examples 2 6:4 1 134

[0034] As shown in Table 1, when the anion/cation ratio of the ion exchange resin filled

in the concentrating compartments is higher than that of the ion exchange resin filled in
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vol tage (V) exchange resin (v/v))(MQY - cm
Exanpl es18: 21586 29: 11486 37.5:2.51590 49.5:0.51488
) vel7: 312126 Exanpl es26: 411134 100341 As shown
F&E.?%E%nggkq’ when the anion/cation ratio of the ion
exchange resin filled 1in the concentrating
conpartnents is higher than that of the ion exchange
resin filled in 12 FILE % RTF .5 éﬁ@ . h
the dggalting cogPRGHHRAT FBfEE)Y &:‘. 51 IHR &3 A RFoTNipR, exchange
rati o of the anion exchange resin to the cation
resingtpcthanigdion exxicharigs repia @oﬁ’@e?ﬁftca@tr%ﬁglgc%ﬁ?ﬂm‘?@ﬂﬁ & B2 to 91,
8:2 to 9:1, excellent desalting capacity and
excekbepmrch:tsalongtlca\sztcalyl 4nidt gperatioriab sabHite veul bevashioxhégverhevhen the
| oadi ng of weak ions including CO2 and silica is high.
loadihf oblmichk fonsiimcliidieg O0) wat silich 0OBgh. As menti oned above,
with the principles of the present invention, an
el ectrodei oni zati on apparatus can be provided with
excel | ent desalting capacity and operationa

ilicligthd iddvs@yen when the |oading of weak ions including
9»-‘%&6—@% is high. 15 13 FILE 12543PCTF. RTF
[0035] As mentioned above, with the principles of the present invention, an
electrodeionization apparatus can be provided with excellent desalting capacity and

operational stability even when the loading of weak ions including CO, and silica is

high.

A
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VWHAT IS CLAIMED IS: 5 1. An el ectrodeioni zation

apparatus, conprising: a plurality of anion exchange

_ and a plurality of cation exchange nenbrane
Fmegﬁgg&gfg§glternately arranged between a cathode and an

anode to alternately format |east one concentrating

conpart nent d at | east one desalting conpartnent,
WHAR LAMMER B concentrati ng conpartments and the
desalting conmpartnments are filled with ion
exthanglectodeprizaiion; apppiggisy GAMPIIHHE ani on exchanger to
cati on exchanger of the ion exchanger in the
coagamiatigt bfHanioorahdngennembmnkd gkl plhetitya of ichliomgxchange
rati o of anion exchanger to cation exchanger of the

membRite SXANROAREMAR]YE ARarPe8 Vet dedl LEIRRIet dMNArSancde td ternately
el ect rodei oni zati on apparatus according to claiml,

[ ' [ f !
form ] 160 ERERDASETafng SmPANEBN! It 4 IcERRRE USRS Gompartment
conpartments, wherein the filling ratio of anion
8% hanger to cation exchanger of the ion exchanger in
the concentrating conpartnments ranges from 75/ 25 %o .
95Al® concentrising|CORPRBEBNSANEdhe dpsaliB|far MRS fHpd With
toclaiml or 2, wherein the ion exchanger in the '
ion exohowets; abd nglidiogpatie v pnicoosxshingss 1@ catioregxdhgpger of the ion
exchange resin 20 conprising an ani on exchange resin
exchaigbr dn aBi¢ iconcaxatiag gempaginentsviletighdr thae raofHingnkatingof anion
degree of the anion exchange resin is 3-8% and a
exchﬁﬁ%? $¢ LAMENG HBYELSET AE ik chRidePTh theMESAMYECIRSdrndnEs.
5-10% . 4. The €l ectrodei oni zati on apparatus accordi ng
to,any _one. of .clajims 1-3 _  wh i ratlo . -
ey ol ebsesRs Go2h i fiotrand AERR fedu oGt kB Bhfises o
to an 25 effective area (dng) of the anion exchange
plurglityind GoRCeHrating PERAIGHES eﬁﬁai"e*mm qldegaltge o lents,
5. The el ectrodei oni zati on apparatus according to an )
whergtethgffiling rate of_am}oqmcbqtpgfnto cation exchanger of theion exchanger in

whe

the concentrating compartments ranges from 75/25 to 95/5.

3. The electrodeionization apparatus according to claim 1 or 2, wherein the ion
exchanger in the concentrating compartment comprises a mixed ion exchange resin
comprising an anion exchange resin and a cation exchange resin, wherein a crosslinking
degree of the anion exchange resin is 3-8%, and a crosslinking degree of the cation
exchange resin is 5-10% .

4. The electrodeionization apparatus according to any one of claims 1-3,
wherein a ratio of a water introduction rate (L/h) into the desalting compartment to an
effective area (dm?) of the anion exchange membrane in the desalting compartment is 5
or higher.

5. The electrodeionization apparatus according to any one of claims 1-4, which
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FILE: 12543PCTF. RTF 5 satisfies at |east one of the
followng two conditions (1) and (2): (1) a ratio of a

FILE: 19913981‘}9112% | oadi ng (ng-CQ2/ h) into the desalting
npartnment to an effective area (dnR) of the anion

exchange menbrane in the desaltlng conpartnent being

80 or hi gher 2) a ratio. si,l ica | oadin
satisfief gt lepshonf Ofﬂlegnﬁﬁ\& @QI %OPH@OBSH@ t to an glO

effective area (dnR ) of the anion exchange nenbra

i (1} haatiteehit parhgna,te mﬁdmm -Chhédy) m@tosh%ﬁeqaltmgefpmpertmem to

The el ectrodei oni zati on apparatus according to any one
an effeftivd aieagdrh’)5of thevasiomi exchargermembrade mis ithteydashltiz@ Gampdriment

or higher is applied. 7. The el ectrodeionization

being@ORGANAEHLS; Aeicor ding to any one of clains 1-6, wherein
the concentrating conpartnment is filled with an anion

ex&gar}gﬁo 'b?%'snlciahaﬁdlng eRIdi868) hib Ry ARakAR! BnaiRRt to an

exchange resin.

effective area (dm?) of the anion exchange membrane in the desalting compartment
being 8 or higher.

6. The eclectrodeionization apparatus according to any one of claims 1-5,
wherein a current density of 300mA/dm’ or higher is applied.

7. The electrodeionization apparatus according to any one of claims 1-6,
wherein the concentrating compartment is filled with an anion exchange resin that

comprises a thermostable anion exchange resin.



