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FILE: 12543PCTF. RTF ELECTRODEI ONI ZATI ON APPARATUS
BACKGROUND OF THE | NVENTION Field of the Invention

_ O%':l g% present invention relates to an
HL%?%% 55-‘§5nization apparatus. Mre specifically, the
present invention relates to an el ectrodeioni zation

appar at us havi n excel | ent desaltin ity and
oper at i onal ﬁbﬁ@TR@@@WWNQngﬂ‘cﬁg&ii ng of weak
ions including CO2 and silica. 10 Description of the
Rel ated Art [0002] Conventionally, the deionized water
used in various industries including sem conductor
manuf acturing industry, liquid-crystal manufacturing

i ndustry, pharmaceutical industry, food industry and

pover i NdUSt I Yp ARtGGROBNTYOIF TIAS INWENeSOA ch 15
facilities, is frequently produced by using a type of

. el ectrodei oni zati on apparatus described in, for
Fie ﬁﬁ}@%nese Patent No. 1782943 (JP 1782943), JP
2751090 and JP 2699256. In the el ectrodei.oni zati on
[009bh dhar BEcseni, VPRI ARAGH ©Ox @R aFIgRTOdHANFALRAR PRAGUS.  More
cati on exchange nmenbranes are alternately arranged )
spebidtcalbentha ratehbdevention) relatearioda electsaderanivation appaafs having
concentrating conpartnents and desalting 20
exceDémalckdleng sapathe adé sptruiiom! sabilay eventvithar ligh iléddetg of weak
with an ion exchanger that is constituted of a m xed
mnggﬁhﬁﬁﬁfgaggndgﬁkﬂ of ani on exchange resin and cation
exchange esin, ion exchange fibers or the I|ike.
Moreover, to reduce the electrical resistance of the
concentrating conpartnents and thereby maintain the

requi red current magnitude, an el ectrodeionization
QE%E%HE%EEQEﬁHEﬂﬁ%fﬁb concentrating conpartments filled

with an FILE: 12543PCTF. RTF ) . . . .
[0002] Conventionally, the deionized water used in various industries inciuding

“semiconductor manufacturing industry, liquid-crystal manufacturing  industry,

pharmaceutical industry, food industry and power industry, etc., as well as in research
facilities, 1s 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, multipie 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, fon exchange fibers or the like. Moreover, to reduce the clectrical 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.
-g?éqgg. [0003] In such an el ectrodeionization
Fm%g%%?a us, each kind of ion conducted into the
desalting conpartnents reacts with the i on exchanger

. and, noves in the ion exchanger. | o t hedirecti.on,. .
ionRGRITEFE RS 4V BAGT PERPOgHcacls AFETIPRE i Bftent PRLehRpRdi ] Laic
according to its 10 affinity, concentration and
Opapbiol 2992-20596% ons further traverse the nenbranes to
mai ntain all conpartnents electrically neutral. _
{000B] éowech at kicirodsomzaioneappumtist carh kindofdes ghrdugpd into the
conpartments and concentrated in the adjacent .

deaAGEMfRkits P Mth RO ch BROALEE adfl nidves in the ion exchanger
sem perneabl e property of the nmenbranes and the

alolqé ’rtl%tc Ef.r&rt]l% !otﬂélegfricgi ?(ﬁ.Eﬁﬁa(f 32k 80 bLispleiBE ahdH accdris to its

e cations an e anions 15 perneate through the

ation _exchange penbr.anes .and. t he IO
ST PR T PEQPRaET By, T e SAToTat O isriaganes o
concentrating corrpart_mi{n S. TEer fore, the water 4§
magiyapdeeprrpasinantieclerddcal i pryle PRERETT E1edgpye ¢ig removed trom
recovered as deionized water (pure water). [0004] The
theabdeseltio) e compdwinenis z atd orongspiregtusni she apdipteat ogoncentrating
efficiently inplementing a 20 desalting treatnent
compirfieits theealseqell Hemesthipefmdablpe peopatty nof theeniearbrancs and the
exchange resin. Therefore, the el ectrodeionization

dirBRARALALSF RERuIBE peRAARI blatilenf! TIRALisNHRUS SN and the anions
producing dei oni zgd wat er of extremely high purity.

0005] Th i ted Patent S..i :
e o T e
respect g 89 SPERIEARTAEp I AP BFFILATEE SBHRREES | [HAsre, the
2002- 205069 [0006] However, when the | oading of . weak

wataprpgoduvet] otinn gheGR@alting comppdmeity cah degecovered 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 apparatus is
hi gh, i.e., when the concentration of the weak ions
FiLENGsptRTEC2 and silica in the water being treated is

hi gh or the anmount of such water being treated is
| arge, the quality of the deionized water produced is

ele?tﬁé&ﬁdn?faﬁk}g dagggratdsntg efje DY nkR &hS REF Gt 6L Fsthé \ihda¥ jons

el ectri cal resi stance o

get after Ion e o) that t
incGSBREEDS faf sDELT freryAie oo SRR RAEE or 15 g G wace
[0007] Mor eover, Japanese Patent Appllcatlon Lai d Qpen
being  trealyd 2s dagestiedivelivogbthe deianized waiss mrediced i figteriorated as
compartments can also be filled with an ion exchanger.
indAmteddes theispedifit mesidtivitprthoreofar Meroovaretie clafricl eesistinse of the
conductor |ike an ion exchanger is filled in the
syt GBR i gHet BcCIONRM iR So TRE eleYopbition®li spitalityi ofghé Bparatus
reqU|re current 15 magnitude, so that the ratio of
L exchanger to cation exchanger of the ion
exc anger is not particularly discussed. Therefore,

[00@312 M;q{éogv%}f g@g%lte]tﬁfég’%ﬁap %gflgagﬁgltﬁﬁl %)i\r‘?og 20%5 2f05069 disclosed
exchange resin to cation hang 3 of 7 h
thaf {1hq EERCRTAE CUPREFRE Ay AOnPATHRLAY: AR ipRePxchanger. As

exanpl es of Japanese Patent App Ilcatlon Lai d Open No
desz6ibad 2050 880r A0 APOBEBY, ANoclestiy eonduetop liplen den exchanger is filled
prior art, one object of this invention is to provide

m &he ed(ﬁ@éﬂtﬂtﬁﬁg opdmpdrinkmtappaeht Wsr trhaihtahdsg etke etdqeired current
desal ting capacity and operational stability even

@ﬁﬁlﬁi ﬁ?th'apt‘ﬁg 00 QfanfiRAkch td"&tu%ﬂ'eﬁéh Q%r ¥MtHe fonl dx@Ranger
’s hi g SUM\/ARY OF THE | NV | ON 25 [0009] The

18 neoﬁ g)?t}t%of%rell %eti °%ﬁ&@ﬁ§9t39 o ﬁlfe cfegélﬁ%é E‘(Yrﬁgér'gﬁglts a mixed ion

€ anion  éxchang ane cation
xchange nenbranes that are altern tel : "
S &Iy hesingolis seRf a‘ﬁg]&%d@uf’ o® gf”t“@ ?“%ﬁ%f B to. cation
concentrat i ng corrFart ments and desalti n
exchengarasimnit(s/:3 Thélledirc thet someeHEpLias rﬁﬁmpﬂﬁﬁt@t@ igrihe epanples 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 conpartments are filled wth ion
exchangers, and the filling ratio of ani on exchanger
FILEQ2s8BEfraFrexchanger of the ion exchanger in the
concentrating conpartnents is higher than that of the
i on exchanger in the desalting conpartnents. [0010] As

i oned i n_the, el ectrodei ' r i
coRRHRERh tira Lo EhEg wa%a“ﬁw%ﬁtﬁ%tt%fﬁ%@ Friger o
exchange nenbranes to be concentrated in th
catioprfehinest phie compeshenesits e fneHiTipg kbt imentS is higher than
Si mul taneously, the anions in the treated water
thapef time acreexchangenirnothe exsdiarmemnentisicaties to be
concentrated in the concentrating conpartnments and.
[0010p s e dMoaawhi the, cletddandizatibn apparmegthehations in the
weak ions that are difficult to renove are converted

tre th "\% Qt%e'é@ Qe BMiddexPangd migensr &f 86 donedntfald in the

ydr ol ys s reaction in the désalting conpartments, and

coxtcaﬁtﬁ_tlr?gl ﬁ(g?mt;] der%ts? I@eth&? N Iﬁg,}&ﬁt 'sﬂ%ufteﬁ{éBéé g”ﬁﬁt §mons in the

ara e ani oni C specl es’ are
concentrated at the j nterfaces of the ani on exc
& rgtftem

treggdhpt dffe BoERC {ife AGRCEIPAIES MRS r PRt bt

of the concentration polarlzatlon effect. Wen_ t
congeneging enirerimsoisandaen wmoypd Hadgammile, G.@nd ﬁb\\?ﬁ Agong the
| ow nmobility gets overly large, the electrical

wetle $drstthstcaee dfffitile ts ystem dre c@dvertad se HGRK iang Hhe,™ by the OH”
removal of ions difficult. Therefore, the renpva

1011% addnBrafdd bR 1HeNBydrSlysik QeRARE inntht Nes@ltih@rcodplartmie@12dd are
I n” t heabove case,” when a counter-charged cation

emﬁﬁ%ﬁg@&@&nm%%g&ﬁég g&m% interface of the anion

exch e concentrati ng conpart ment ,

orenenti aned .cancent.r ati on pol ari C
toG3F an Bieierranise D EiE Shonroie Tyt 3 ienfialck 48 8 Puces of
retarded. On the contrary, when an_ ani on exchan
theesiign exghange mepkrpRegcrear th% rerseRIang ﬁOIBBtrgP?%?’F%?HS‘? of the
~difficult to occur because the notions of anions are
cormenehtmapaarizaBan teifeol. arWien tieeontdngratipn [polagizatian of BLO; and
ani on exchanger to cation exchanger (abbreviated to
HSF0] Mt RatbRmbkilityogdie bedriafat @ heodledttiealiregistenehe e system is

in the concentrati ng

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

[00'12} 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 jon 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

ngﬂg&ggé%s as in this invention, the notions of

ani ons udi ng HCG3 - and HSi O3 are accel erat ed.
[0013] The el ectrodei oni zati on apparatus of this

i nventi on preferab multiple desalii
COppATIAFT Hrisrighes ﬁ%ﬁ%‘%ﬁ%&aﬁﬁ? 3 ?ﬁﬁ%‘lﬁ%m ﬁﬂ%é?ﬁ”g,gn%“e‘?%%“ﬁ“ems as
the anion/cation ratio of the ion exchanger in the
in thisrigesntiont tha geatenpaf enens igciuding G Qy apf 1513 25 Jogeigrest
in 10 particular. Mreover, the ion exchanger filled
[00108] tThe electeeizionitatioy appamaarst ofthis ingentpneprsfeattily haa multiple
i on exchange resin, wherein the crosslinking degree of
desaltfig@RhMarteARaME @ondedfrhiing SorfpR{reErad wheteiB theamtbr/dasibn ratio
of #he cation exchange resin is preferably 5-10% The
i .
of i3 cIFHERSH HETReanBaRiELhAR e L IPRINTRRS 0 95/5 in
menti oned above, the electr i,ani zation r :
Py et | IGHEN G ialon BLETAoE AN e QB aRg g BaRa PG fhons i
operational stability even when the | oadi ng oﬁ weak
prefeypRly iR dP e NS iEnyh e té%CEOéslﬁﬁwﬁ cgEeEidhhgpon exchange
even when the ratio of the water introduction rate
res{rLishprefanstdy t he%deshiteat nf thoopion mebango rashe isepfeétily &-10%.
area (dn2) of the anion exchange nenbrane in the
Thees@dd iRehAREPAEIM@N prdferablyok tHeghestabler anidre rexetiange astin in
20 one of the followng two conditions (1) and (2) is
pm%Eﬁﬁﬁfied’ good results can be obtained in sone
aspects including the desalting capacity and the

lectrical. resi,stange etting,: e '
rodiyP s mintindsSop oo B i, Seaihlellebioh Hopfifis o (S Mvphton has
ratio of the carbonate | oading, (ng-CQ2/h) into the
exisBlent S95HIS B PRSI BI PGl SEPRIT e aen ey B ge weak
the ani on exchange nmenbrane in the desaltin )
ions dngladingei, as! $hcwois Iglyhehccotdiaglys evannhen By 1699 of the water

that the ratio of the silica |oading (ng-S 02/h) into
intidd@ctitasatd (1Y) intothealetdltng cormpirimert it det ¢fetiae ema (dmd)of the

of the anion exchange nenbrane in the desalting
anioR TRALEE Menttia® RArthdE&ARMe 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-SiO,/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 100151 FIG 1 schematically illustrates a

Fig! Psspefctional view of an el ectrodei oni zation
apparatus according to a preferred enbodi ment of this
i nvention. PREFERRED EMBODI MENT OF THE | NVENTI ON

[00161 FIG L, ' [ :
cross-secti ohﬁﬁgiﬁwiw@@ iﬁMQ§ on 10
appar atus according to the referred enbodr nment of
[0Q¥8] &' T3} spharicali et ﬁ@rosaérﬁwpﬁ 2YIPH P 4B Fsehpdgonization
W Il be described in detail wth reference to FIG 1.
app£H8LE kcdondihp o epedirreddmbodinentt odthimppentwmus, nul tipl e
ani on exchange nenbranes 13 and cation exchange
menbranes 14 are alternately arranged between two

el ect r ode PREFER N0 G BODINENT ORLTTOE ENYENTION
alternately formnmultiple concentrating conpartnents

[Od' 3gan @cl%’?@%ﬁlg)p gm@ﬁﬁ@@ﬁ PRELS:tibBal ViB® HesadidckB8eionization

artrren e concentrating conpartnents 15

apPz‘lergiiu% eagclrp)g g;l VgonXh Jh gedMeH%o&l 11)8 ,&}q ifAARAN9CThe electro-

ange resin ani on exc ange

resin 10B. The art.nme S Iabel

dologiselion peperaies il otrs bR PR e eIt
"18". [00181 In this invention, the anion/cation rat |{)

(071 dm &erﬁlcs@e@drlewzetwgemse@uwpﬂr ieRexchangggmemgranes 13 and
concentrating conpartnents 15 is higher than that of

catidre endhesge mEmbexshaldgarer dtsimately idrtagged hetwisen des ledtieges (an
conpartnents 16. Therefore, as expl ai ned above, the

ano@d 1 omsd otathads M so blngrhatelyrfgrohi@@dtipia domﬁhmirgce)mpartments 15
accel erated so that concentration polarization near

and B@sa@t‘iﬂgoébn@@ﬁ‘ﬁtﬁféﬂ&elme ipe ABGStidScdripthmesnent €shd thowenehirating
when the anion/cation ratio of the m xed ion exchange

_coé@ﬁrﬁ eﬁt@ {hgeCl H%lztﬁﬁa GAAPALLREN IGh é)'é:haﬁgé)lfe%fﬂ ¥f cation

concentration polarization of cations wll

L R R T
Wlﬁlo°%g nd tﬂe cat[?ode 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. Horvever, 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

LS y 75/ 25-95/5, preferably 80/20-90/10 in
F'L%a?rz |E‘§'|rF34r1JF 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. forms. [00191 Thou i exchan
additien.rthe @n@@g@ti@% rite s %@‘rﬁf’ésl&[%atga &elyme fﬁ%’g of the ot exthange
concentrating conpartments 15 in the
rese] ©dhe oenenclzagt osinippheiaragengptefifgms;  t he i on
exchanger filled in the concentrating conpartnents 15
[0019] Mbugle i éxchenket resinois wsed Rarbe ioreskahangardnithe cegeentrating
exchange fibers or a graft exchanger can al so be used.
colgBMEts 18 Bethi QecB¥ENaRIKon ppafii@FaG! ¥, thaidnoaxchanger filled
exchange resin in consideration of handling facility.

in MR &%%ﬁ[tratih cofhpaftine s’ BAR! Rt GedtfctBl Xo 36h EXhahge/ fosin, and ion
resin having noion exchange site with the ion
xchapge resi | adhk Oy EAtaReer i
xRS e B8R SR et e ARG 2, LPRA b O ERaReer i
| so within the aforenentiaoned range. .1 1 e o
P-“%?r Ry 3ngRN EXUHRRG ESHIED RuPiderigy Ogga?(ﬂlé%i %‘?%958(: hangg}{&’ 1tis
filled in the _concentrating caonpartnments 15, the
alsg fepsthle NIANIBAFIBE 16N DRRDE FPdpR s&%ﬁﬁ%eg@ter%’éﬁl ﬁ““f. ign exchange
preferably 3-8% and that of the cation exchange resin .
resits  Jnefidr edsksy tie ardon/canjparvatip of therign @Mh@ﬁgﬁgexag@rr@e'iSflnactlve
respective ion exchange resin is |ower than the
restioisratsopwitidi g afbrewentibneadirtingd. he mechani cal strength of
the same is weak. Wien the crosslinking 20 degree of

[00293 PREL Y Enixed i6X eRelagse resh fis usednagtier ionhawharger filled in the
correspondi ng upper limt, the electrical resistance

cof eg%rgﬁéyﬁﬁﬁiﬂnile?ltsagﬁ’ﬁ]}:é el ésliriSedegrb OOt Mreonaange resin is

per cent age of ani on exchange resin in the ion

pr%‘r%ﬁﬁzgﬁs% Ga;ngiftg%tat%ﬂhé B&icﬁ%&ﬁ@ﬁﬁ g 5%@1&@%%. 1%hen the

ion W occC ter term

o SRER B MrAE SRl L) 300y Tk Sponcing
1&@%}%@2%5’ g%[:ﬁgn?galis?reygtﬁ gfr ?h%ega%?e ?sf w%)él%/.g e‘GVheE %e 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

HL%EEQ&%ﬁ¥%Eenge resin in the concentrating conpartments
is preferable to use an ani on exchange

resin that has hi gh resistance to 7 FILE:
12543PCTF. RTF 5 oxi di zati on/ degradati on and good

thernostability. 100d§ 1 The ter supplied to the
oxigizalder/ Gegardsiion apd 80P %B‘é‘??ﬂ%’ Ys general 'y sone raw
water |like city water that has been treated with
(0032} The wotarsonpladdtor o €lasEORRAB SO FRDTae{SFRETAYH Some Taw
- wherein the electrical conductivity is 3-10,"S/cm the
wagolikenity statentioft h@Becni teeaB:30ith Astivechartion andreesies agiasi (RO)
of silicais 0.2-1.0ppm To treat such water, the 10

sepafition/ whéreDnthe @ldcaicaf céiaciiany sxGhoutems dwi conicenttatien of CO,
desal ting conpartments 16 is required to be

is 296400 030e MESAYESn of RRicdas A.1-1 Rgp@OoNTIar frewersush Bter, the
are not restricted to fill wth ion exchange resin,

' i ) he d
am?ﬁ%at?otnr}gﬁo B?Ei% 1{?& ic‘ﬁﬁn%&%‘éﬁggﬂgfge duegéelgﬁg ?.%8 %?H%Sﬁﬁ nﬂg@qmm

cO | ect rodei
to o OYARPERTe ‘?fgov%% SREBRL AR RERHEIN Y Bre ARHRLEL 1o
conpartnents 15 the d al ti tments
Wi o1 BRI ISR GRS HIaR SFUEET RRE I g Rty foers or
Anong the ions in the treated water conducted into
thetlike ey 2ed ke vigdconpart nents 16, the cations and the
anions perneate the cation exchange nmenbranes 14 and
[0028p Azninon cexentionpd esirbdeinpigati®) appasaipedhe Vs, togggtreated is

are concentrated in the concentration conpartnents 15.

corldeaR@hhiosthe 2Bnédnaatived esmparotemeds ndithe desatfiegalonipagments 16
conpartnents 16 is collected as deionized water. On

in tﬂaeel&ttﬂ?)@létoﬁﬁﬁﬁian aeReanRd bAtRHinahesn. Coxhand iitgioas i gie treated
concentratlon of Tons is output fromthe

yarkiNge anions
wa%ggcg)%ﬁ%t% 1H?)ngn?"a?§ftitf%% wééﬂm@:ﬁ@zld@- iMBr &8%85 ; ankih e

e conpar cat hode conpartnent 18
pergtgeﬁge? Jﬁ:lc&gttl?ﬂtg)rc g%gthetlv‘\rdl Elite% ﬁcé%dcn)glg %H%at 2 dph‘éﬂéecﬁehﬁ’)ranes 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 conpartments 15 for maintaining the
F"_teh%glg GHreconductivity. [00251 More specifically, the
concen rated wat er having a high concentration of ions
fromthe concentrating conpartnents 15 is generally
di vi ded into several portions. A 8 FILE 12543PCTF. RTF

ion of the concent.rat.ed r.is.c ted to
POfPHE ?%ﬂz@t cgfeepifated oHEGh T a%llfCHba\PBdtc g‘?m‘b thJé%t“Ls{J %5 Qfjocntrating
i ncreasing the recovery ratio of water. Anoth
comppATtEYS |1% fcguwsrqa@agt%etmo‘fw dRliQ o tWéteanoééother portion is
conpartnment 17, and the renmmining portion is
supplisc hartyeoﬁnmmm‘u the artode sqcsmpemtment Wids tagdathe rremgining portion is
preventing ion concentration within the system
disMeagsthidtade tHeyathlddenistenate fof provertting ianceteentration within the
conpartnent 17 is supplied to 10 the inlet of the

systh. N OUR G PRRA ke B Alhicrk 8vatdlothNRe @hddcuniipanaiear 17 sibplied to
the cat hode conpartnent 18 is discharged outside the

theSHidt €SP AR «%ﬁﬁ)t \é\%}ltr@f rh P AR1 h8 hberAl o arRE KR the cathode

process, |ty of "concentration

rg%rﬁ%gqg OBscpe TSI e PRlmal oS, |l uding

ccurrlng a e concen ratlng

ce_of the anion exchan e 13 the . ..
(0028h Ta 6 gt REmB e 48 BSSILY o gutag opeotarization,
increase in the followi ng paraneters
espemelly fe At Werk ioBninalHaEE (o) 4 #HY C@c@w&ﬁ&gsﬁtaﬁeaOHCmaﬁng
conducted into the desalting conpartments 16. Anot her
intgréacant the angont trechangsumendirance bk i dhes conrentiating cupargpent 15
silica noving into the concentrating conpartnents 15
incfdagsn whie tidesadebdeng the ipdhnting pusmbéers. hrOregpartmetenrsi the amount
exchange nenbranes 13. Still another paraneter is the

of %515 &is iAQ0&ingYC@pPRd §itica 26nduRRAThtoHPWRI¢EIIing @5mpirenents 16.
cl ectrodei oni Zati on apparatus of this invention

An}ﬂ\ﬁ%f ﬁz'irgmte{%?ls 0 LARLAAIA REKTiBhd RicRbide O] 81 SHGNAPERE into the

e concentrating conpartnents 15 i s* hi gher than
o BB e P v g e v
exq per at L9 ;anﬁ%iibl %HLZ]’}%}?Q pgrearr?e eris t %%u%\ell?tndensfy apptﬁed
[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
capécity and operational stability can be achieved even when the loading of weak lons 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-CQ,/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-8iO,/h) into the
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hi gh. For exanple, the el ectrodeionization apparatus
is stable in the aspects including 25 desalting
FiLEapaspd @Rd el ectric resistance even under the
condition that the ratio of the carbonate |oading
(My-C02/h) into the desalting conpartnent 16 to the
effective area (dru) of the anion exchange nenbrane

de%ﬁ@ijgvtgﬂ%gﬁﬁé %;}02%8?&{%@{ e; FRE o s BB exclef g€ mermbrane
[ -S 02 [ FILE 12 PCTE. F
13 o 1 AR08 SRR ek 06 § 67 DiebCTlor SxEs J 3 200t Fihp§ curren

of the anion exchange nmenbrane 13 in the desalting

- densifppisr BARMA/INE o8 18gkar fargeven (B9-120UAAKN*)5) Acgerdingly, the

the current density is 300mA dn2 or higher (or even
ele6@iciemmn dppiratudcenrbei faghst, conpactie¢d orhichies awiw atpeive

apparatus can be further conpactified, which is quite
cordiderahiofecoddmiconsi derati on of econom cs. 10 [0028]

Moreover, in the el ectrodeionization apparatus of this

[0028) ¥26&br, 1D ehaRREBoIGHTRAIChNBIparaks BF thibeine@itdadene anode
conmpartnent 18 can also be filled with an electric

I
BRI, O 4870 e e B achant s
bS5 SRR R iRt 0 St oo 1

el ectrodei oni zati on apparatus having a water-treating

capacity of 1000L/h is wused, which is constituted of

ei ght desalting conpartnents each havi ng di nensi ons of
[Exegnpl8ginm x 400ms x 5mm (effective width x height x

t hi ckness) and concentrating conpartnents each having

- (00891 fihe Kolkseng Exnpanendrbenpliestiict dxamplas mya pravidadso gpep fically

the concentrating conpartnents are respectively
expliihligid ivichtiora mi xed ion exchange resin described
bel ow. The water supplied to the apparatus is city

Ex¥R{p®d 1 t hat has been

{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 = IOyS/cm; CO, concentration =
20ppm; Si0, concentration = lppm; water temperature = 10°C. In addition, the
effective area (dm?®) of the anion exchange membrane in the desalting compartments of

the electrodeionization apparatus is 10dm’.
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In theslspalting corsPAGRARIS: 4 NI CYTRAGPEEE

treated with active carbon and reverse osnosis (RO

separation. The quality of the 25 supplied water is as

. : ectrical conductivity = 10,US/cm CO2
F'.L%:'g%%g%ﬁ%ﬁ:on = 20ppm SiQZ concentration = | ppm

wat er tenperature = 10C. In addition, the effective
“area (dnZ) of the ani on exchange nenbrane in the

desal ting conmpartnments_ of . the el ect ro{j%v&ﬂ‘%é?ﬁérﬁﬁéexchange
desal ting conpartments: a m xed ion_exchange resin
reshidsating exghangmiasin axiehenipa/catien 1300 &f VG(Vellchange
resin” ratio (anion/cation ratio) of 7/3 (v/v) In the
In teroecintatihg gompaacitsrennsxedaomiexddinge nesitx bang en paigpigation
havi ng an anion/cation ratio listed in Table 1.

raticQR8Hlin Thglewat er flow rate into the inlets of the
desalting conpartnments is 1000L/h, and 10 that into

' GG BNbS BF IHMHSATRAESWMBASeritsis 1000L/h, and
{Odé?ggEi/l . Elgﬁgetgolﬁ%gﬁtrat ed water flowgngrﬁgut of the

thag grP[?) thgr:] é@%{sﬁegi%?%%géﬂﬁﬁhg éoﬁlp%‘t%ﬂeg%disi orm. hreg concentrated

portron I's scharged outside the
syst em at flow rate of 200L/h . . . [ -
waef Hebeue el a1 ¥ soieaionind PRTSRYRORR S IRHE! i UWdck Fbrtions
conpartnent and the, cathode conpartnent an
WHeTeGLR BPED oSSBT Hesidy DS E & o TN #a pb 2L B qmother
The 15 remaining portion of the concentrated vvat(fr IS hod
pottion cig| segeentially t ¢raduete@throygh (the aneds compryeplyand the cathode
conpartnents. [0032] The water introduction operation
compartanatti amdethen nbiehamed wutsidet thef sygmnt ot aaflewriely, of S0L/h.  The
wherein the conditions of water introduction are

rerhiifingdpbielbawos The sprentfdied reskstis véitonlated tohtheoinlgmt of the
wat er and the operation voltage after a nonth are

condefilr@ihd drkARhfends. The 20 specific resistivity and the
operation voltage are stable and do not deviate from

OGP S TR e s T 0B e,
wh%va{;ﬁﬁég}eit %ﬁﬁ%ﬁgtoi{ (H)&fgatgra}ztlt?oéu%{igﬂ ali'enltis%& H&ogr?s%% isﬂ&iﬁc 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 iﬁclude:

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 (dnR) of the anion exchange nenbrane in

the desalting conpartnent being 12.5; 25 2) the ratio

f onate | oading (nmg-C02/h) into the desalting
HL%Sﬁ%ggqﬁgﬂ to the effective area (dnR) of the anion

exchange nenbrane in the desalting conpartnment being

250; 3) the ratio of the silica |loading (ng-S 02/h)

into the desalting compartment to the.ll FLLE .

effectiyp@rea (®ne) of drer a6 @@thav@ame@hﬁsﬂe df esg?ﬁﬂs fpompartment

exchange nenbrane in the desalting conpartnment being

being;12%ndndt) the current density being 800my dnP.

Exanpl es 2-4 and Conparative Exanples 1-2 [0033] In
4) dacdureht ddmsity kainp868mAYde’. wat er i ntroducti on operati on

is inmplemented as in 10 Exanple 1 except that the
Exaiipli/2Cahh @ Tdndp41ti0¢ Ekbmplesiel i on exchange resin

filled in the concentrating conmpartnents is varied as
[003@[ T2PA& Jr thdReaSPRE i thé Grate@ Shisdduktiby opératibe is @ll@bénted as in

wat er and the operation voltage after a nonth in each

| L 8lethiddlcaliBR! i i eRHaABY FRid fled |

ExGERRY SrRpfiial Bk HhorloalidR riid pr 4R ARy od AR, RB fled i

filled i.n theintroduction.conc rati C :
thegppiyialing GORLRBATS SERaRoR TosTon She RRE TRy of the

cation . ) . .
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)) (ME - om)
Examples 1 8:2 15 86
2 9:1 14 86
3 7.5:2.5 i5 90
4 9.5:0.5 14 88
Comparative | 1 7:3 12 126
Examples | 5 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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of water produced voltage (V) exchange resin
(v/iv))(Mb2 - cm Exanpl esl8:21586 29: 11486
Looy 0 49.5:0.51488 Conparativel7: 312126

FIL%)Z%%‘S %s%%?411134 [0034] As shown in Table 1, when the

anion/cation ratio of the ion exchange resin filled

in the concentrating conpartnents is higher than that

of the ion exchange resjin filled in 12 FlLE; .
the desApE RPTRATEHE: GRERR (T Mo aioTHEA A &G fsniqn gechanee

when the volunme ratio of the anion exchange resjn_Eo 91
resitheo #agt FaSivneReohargFeresiEs i thenCqneentElRgSAMPAmFgts 1s 8:2 to 9:1,

conpartnments is 8:2 to 9:1, excellent desalting
exaelpaicdd¢syltingcappatyatridospdratiqnabistabilify cam bseachenpd gem when the

even when the |oading of weak ions including CO2 and
loadldgl cfavdak idrisghcludifg G, aintl wilica i highl ndustry [0035] As

nmenti oned above, with the principles of the present

i nvention, an el ectrodeionization apparatus can be

provi ded with excellent desalting capacity and

1 PRE AL PRkt @abi 1 ity even when the | oading of weak
Mg CX2 and silica is high. 15 13 FILE:
[00%%?435 Cglgﬁtliqc;l;l%d 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.

Q
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VWHAT IS CLAIMED IS: 5 1. An el ectrodeioni zation
apparatus, conprising: a plurality of anion exchange
FiLEE 59&%%Tf‘nd a plurality of cation exchange nenbrane
that are alternately arranged between a cathode and an
anode to alternately format |east one concentrating
at | east  one desalting conpartnment,
W%gﬁglé{“@gh?ﬁg toncentrating conpartnments and the
desaltin mpartments are filled with ion
excHang @éimé‘ﬁ@méatfqnl a}ppﬁ@tqsa@qn@pwngam on exchanger to
cati on exchanger of the ion exchanger in the
conaepitiradity nf acionpachangatsembrahpg et atiemlity of Fationgexchange
rati o of anion exchanger to cation exchanger of the
meRarRXE R0 %[teﬂnﬁtelﬂ“@rrﬂ%&dl Ibetvwtgn GocRiarderaidt 81 andde Tdhelternately
el ect rodei oni zati on apparatus according to claiml,
fort1hiClRad QAR dofiEcht tln%\'s, &Vtrﬂ!eﬁtt a)ﬁdozft 15:%'9 SR8 qe it compartment,
conpartments an urality of desalting
1S9 artnments, wherein the filling ratio of anion
WogRthanger to cation exchanger of the ion exchanger in
the concentrating conpartnents ranges from 75/ )
95/ she soncopElEESOMPAHBIEBIi2RdRORSARE QEIEr e A ﬁ&ed with
toclaiml or 2, wherein the ion exchanger in the
ioncenvbengersitngd g ﬁkmgeraiuwﬁtanmrﬁ}?ﬂphmr i paticagexchanger of the ion
exchange resin 20 conprising an ani on exchange resin
exchaflgd® i@athe @dnettiatng @ompaitmentatiemigher ahar astlling kg of anion
degree of the anion exchange resin is 3-8% and a
ex&lﬁﬂ%e? lid Bﬁidﬁ%x@ﬁﬁfg@lﬁoﬁﬁe {dheexeRdrgeNin tBX BERANGR doffpafimesits.

The el ectrodei oni zati'on apparatus accordi ng
f | of,
|t PR brmspberel Figtdad %?%akg B SR EoEprises a
to,an . 25 effective area der xcha
pivﬁ%ﬁﬁroén@npﬁntf%@go@ga%afm}?& m%arnlh@ﬁfy aIPE Kopmesiments,

5. The el ectrodei oni zati on apparatus according,to any
wherein thie fdling resiotofanioptixehanpgr to cation exchanger of the'ion exchanger in

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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FI LE: 12543PCTF. RTF 5 satisfies at | east one of the
followng two conditions (1) and (2): (1) a ratio of a

FILES Yspaatk gtk oadi ng (ng-CO2/ h) into the desalting

conpartnent to an effective area (dnR) of the anion
exchange menbrane in the desaltlng conpartnent bei ng

her rati SI I | I oadi ng
Satlf‘?nﬁ aélleéﬁ e qfﬁﬁ%{jot“%g)“bgea%vé)l Ctonﬁ'ém@?) to an 10
FheCasaiie ohg cevpaleIMIRE CBETEY %%ﬁ‘lﬁfe 8??@ Begoigment to
el ectrodei oni zati on apparatus according to any one of

an eff@ting afeaS(dm’Whbtheiamica exshargetmetphring yn dfc GoalHng ¢Ampament
hi gher is applied. 7. The el ectrodeioni zati on

bdﬁ%@@bﬁ&gﬁmagﬁprdlng to any one of clains 1-6, wherein
e concentrating conpartment is filled with an anion

exc rhgl%tlf)%?'anslﬁ&baﬁ)adlﬁg TREISOIhR it MBS RRL RoAPh@fent to an
exchange resi
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.
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