DESCRI PTI ON ELECTRODEI ONI ZATI ON APPARATUS TECHNI CAL
FI ELD [ 0001] The present invention relates to
an el ectrodei oni zati on apparatus, and nore
particularly to an el ectrodei oni zati on appar at us that

all ows preventing scal e damage in desalination
chanbers. BACKGROUND &ﬁﬁgﬁéégiﬁﬁ -

El ect rodei oni zati on apparatuses such as th

el ect r odei onE2afT8RPEFPALZEISOY SREMATRSFi g. 4 are
conventional ly used for producing deionized water

that is used in, for instance, sem conductor
manufacturing plants, liquid crystal manufacturing
plants, and in vari gesHNadRst rizgs.osuch as the

phar maceuti cal, foodstuff and power industries, as

do@s in consunmer and research facilities (Patent

ocunents 1 to 3). Such an el ectrodei oni zati on

partel‘ésen]c %%h@g%éi%% Cepd 356 NS, %ﬁ%@@oﬁg}?}gnﬁggtion

ar
esal'ination c ers 16 fornmed alternately

al.ternately arrangin l.ural ity of ani on exchange
2PPaIRES AREE (R FeRBrANEe) 3 A Gt FOR CXERATgE- 2ot ion
menbr anes (C_nmenbranes) 14 between el ectrodes %an, ,
apPargidide tPE" & ldQMFodd SVENHR hriste CHAMBEF 17 dfid3gtnation
cat hode chanber 18). The desalination chanbers 16 are
chambiers.ed wi th an ani on exchanger and a cati on exchanger
conprising, for instance, an ion exchange resin, ion
exchange fibers or BHTEREROEBXCh&RDer, in a m xed or
multilayered state. [0003] Wat er di ssoci ation
imddyg el ectrodei oni zati on apparatus gives rise to H+
ions and OH' ions that regenerate continuously the

IEO SXCRRANGELS, 4l T ddad ey slesal i hatdor ehanberss,

t hereby enabling an efficient desalination treatnent.

electglgnlrd%g_ H@%Etgo:ngéﬁggy%ésg PeHSIENE ..OB eogglﬁiegﬁionally

ng cnem ca he "case 1 n conventiona

changers, t hat have been del sed heretofare. .
used EGEnPEPRT RS TR O Sardiiis o8 BT eRr RGE LREtance;

_superior effect of providin high-purity wat er that .
semicegrlusd ogblanteact i ranCorph Bt ér yl €dntd FdoFd atafaBETacturing

[ 0004]

plants, ‘and in various industries such as the pharmaceutical,

foodstuff and powér industries, as well as in consumer and research
facilities (Patent documents 1 to 3). Such an electrodeionization
apparatus 1 comprises concentrating chambers 15 and desalination
chambers 16 formed alternately by alternately arranging a piurality
of anion exchange membranes (A membranes) 13 and cation exchange
membranes (Cmembranes} 14 betweenelectrodes (anancde 11, a catheode
12, an anode chamber 17 and a cathode chamber 18). The desalination
chambers 16 are filled with an aniocon exchanger and a cation exchanger
comprising, for instance, an ion exchange resin, ion exchange fibers

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



When using directly tap water, obtained by subjecting
river water, groundwater or the like to
clarification, dechlorination and softening
treatnments in a water treatnent plant, as the water
to be treated in el ectrodeionizati on apparat uses, or
whBAOhe water to be treated has a high cal ci um
concentration, (1) scale forns in the concentrating .
cHanberd, ssaed at2pnt he therrllee i nadai oofl Zefd oy R LUS glves
wat er deteriorates on account of increased CO2 | oad.
rise Therief abes sncloHatens ahetnotgpnecessewrdiimestdsl yaghe ion
water to be treated in el ectrodei onization '
exchapgatratuses £i1000hE desalinARBBE dienahoye tieakignmenabling
the increased CO2 |oad (2) can be solved by using a
an e£PMPALAL 14l 1IrReXRENS e +ARGAT DOBAEE AN BOPArA] YR AS red no
a pre-treatnent apparatus of the el ectrodei oni zation
apparatus. To_preven reati-on _of . ' :
reoe BB R AL o Breng Biitnt s OheBhaS £ L FReRsldk LB tona
) that involve renoving conpl ete har conpohent s
fon 7 ohrPRE Ret (0 T6 PEEALBIISY PYBy IR S T 1 e
or the l'ike before the el ectrodeioni zation appar atus. _
elecihrgdpienerat HomeiRRP2r #RSSeD el Fgdrditatidle Sppegior effect
nul lifies the advantages of using an
of prefwistirgrbiohization vwpar ahas, cambenoioeEneninr 2qemrd etely
regeneration. [0006] To sol ve the above
cont priablkemakmnemn nmet hods invol ve di sposing a reverse
osnosi s nenbrane device (RO nenbrane device) as a
prepbegat ment apparatus of the el ectrodeionization
apparatus, with a view to reducing the concentration

g@?%gr95£R£B$ﬂ§ﬂﬁ§§$?%ﬁg%%i€én epdkRachl yy enpb-ayeding river

dres sto ing two RO nenbrane devices
in series, in particular, wh 'y QPO . :
watet ) SERLERHTORE P (IR T ShTT Bk Y R orination
0007] . Met hods .have been propose Pat ent
and AEiHS tre ARt S AR ERCERC Ly Lgfg, as the water
chanbers 15 of a el ectrodei oni zati on apparatus 10 are
to bephreptedrigde bychr per apnisabloReRP Y 2 145 Shofk WhFTFFge water
4, to prevent thereby calciumions (Ca2+) and
to beatbenaté hawnsa (00F21chtoimmetpngermkgionng(¥i secale forms
a scal e conponent in the concentrating chanber 15.

in thEhich edl o 018 diamige e aRQ (Enbhienendevt teithaf thedireated
been necessary as a pre-treatnent apparatus of the

wateBlRAd 048I RRIZEE ek ARRAL At ks Fah PIEAE . oSS fard, such
process costs can be reduced accordingly. Patent

wateggcgggnho%:prgéggggéedEQEEQHyN%s water to be treated in
electreodeionization apparatuses.

[0005]

Among the above probléms, the increased CO; load (2} can be
solvedbytwingacomparativelyinexpensivedeca;bonationapparatus
as a pre—treatment apparatus of the electrodeionization apparatus.
To prevent formation of scale in the concentrating chambers, as

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



1782943 Patent docunment 2: Japanese Patent No.
2751090 Patent docunent 3: Japanese Patent No.
2699256 Pat ent docunent 4: Japanese Pat ent
Application Laid-open No. 2001-198577 Pat ent

docunent' 5: Japanese Patent Application Laid-open
COMPORENTFNGFOFEHT 3 F SELHBURE [GeHAE | RVERFPERAI N & softener

or the like before the electrodeionization apparatus. A softener,
however, has to be regenerated. This nﬁllifies the advantages of
using an electrodeionization apparatus, which does not require
regeneration.

[0006]

To solve the above problem, known methods involve disposing
a reverse osmosis membrane device (RO membrane device) as a
pre-treatment apparatus of the electrodeionization apparatus, with
a view to reducing the concentration of hard components and CO;.
An ordinarily employed method resorts to arranging two RC membrane
devices in series, in particular when the hard component
concentration in the water to be treated is high.

[6007]

Methods have been proposed (Patent documents 4 and 5) in which
the concentrating chambers 15 of a electrodeionization apparatus
10 are partitioned by bipolar membranes 20, as shown in Fig. 4,
to prevent thereby calcium ions (Ca?') and carbonate ions (CO3%)
fromneetingandgivingrisetoascalecom?onentintheconcentrating
chamber 15. This allows omitting the RO membrane device that had
been necessary as a pre—treatment apparatus of the
electrodeionizaticn apparatus 10 . Equipment costs and process costs
can be reduced accordingly.

Patent document 1: Japanese Patent No. 1782943

Patent document 2Z: Japanese Patent Neo. 2751090

Patent document 3: Japanese Patent No. 2695256
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PROBLEM TO BE SOLVED BY THE | NVENTI ON [ 0008]
When feeding water treated with a single RO nenbrane
into the el ectrodei oni zation apparatus in the nethods
descri bed in Patent docunments 4 and 5, however,
hydr oxi de scale may form at | ocations_of |arge anion
eé@ﬁ%ﬂbeﬁl“ﬁ%@r&f Havy PRI aratnFelPP hi gAt bR L7 ifheren No.
desal i nati on chanbers of the el ectrodeioni zation
2001gpp@bat us, when the hard conponent concentration in
the raw water fluctuates or when the hard conponent
chbatent raddonents Svefypimede PEiesitghypdicatieon daid-open No.
preci pitation of insoluble conponents such as
2002 reguess um hydr oxi de, and nakes a stabl e operation
I npossi bl e, anong ot her problens. [0009] A hi gh

hard conponentp£QAcegRtdPRr N hey@Bwyat er nakes
it necessary t‘o*xrrcw—ol%—rwo—ﬁo—rrvrrtrr‘an?—devi ces
before t r Welpl ' S 1S

pr obl erra?ﬁR(% ﬂgleéﬁory: a}ﬂ[ﬁj%f%? e oci at ed
hg{;ﬁé equi pnent cost and greater power consunption
b; Ihi gh- pressure punps that drive the RO nenbrane
devices. [0010] There is thus a need for an

efeerr B Yatiesnt appeediiist Ratinehh Ropeemprane into the
stably with a pre-treatnent of just a single RO
elecrerds bl device, amwerstirdén tordineibagds ofessatmybliy: Patent
hi gh hard conponent concentration in the water to be
docu¢rad edarfdd8]lhokavéhe Hydphdxiale tshe labove, form at locations
enbodi nents of the present invention seek to provide

of la@c@eﬂaﬁibh%’ﬁ&@&‘ﬂ@@i!r@ti@ﬁé&_@hé%&ﬁﬁ@ér&ﬁ‘véﬂ%ﬁh@bﬁ pH in the
stably for long periods of time while preventing
|

desajggrzéatflér?r%ﬂi? é%fcQﬂgegiéé%i:QQeEQﬁfpg{J?oﬁ%paratus, when

nati on chanbers .

the hard component concentration in the raw water fluctuates or
when the hard component concentratiorlis'veryiaigh.;This gives rise
to precipitation of inscluble components such as magnesium
hydroxide, and makes a stable operation impossible, among other
preblems.

[00091

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

[0C10]

There is thus a need for an electrodeionization apparatus that



MEANS FOR SOLVI NG THE PROBLEM .[0012] According to
the first aspect of the present invention, there is
provi ded an el ectrodei oni zati on apparatus having a
cat hode and an anode, and havi ng alternately f or ned

t t I
can rﬂ?@%ﬁﬁ x\ﬁggﬁﬂ%g r%E?E g?%%ﬁﬁ?ﬁg 1 @Fsdt §J$}élr§aﬁb%mrane
ani on exchan nmenbr.anes and: cati on
dev ] Shpr GYER, Witk G w%&%nteﬁatﬁﬁwa K8 eara o figrponent
provi ded mnth a bi polar nenbrane to partition the
ConPﬁPEF@6¥O%fﬂtHé“tdﬁﬂéﬁtﬂétﬁﬁgtéﬁaﬁﬁér into a cathode
side and an anode side, wherein each of the
des@fihati On chanbers is divided into at | east two
| ayers, including a first layer and a second | ayer,

r Rgal@ngmmﬁe%mes Ieeh%o&l&eats di iR pldsan lmenﬂl)ﬁwﬁgf wat er
e C

tFeated dis filled wth an ion exchanger

to p‘i@%ﬁb%rﬂglé&%&%ﬂ(@é‘@i&% gaga@ug QL HXCPBRIEL stably
the ion exchanger filling the first |ayer conprises

1.%_0 h nd the .

forr&bﬁiiﬁﬁgﬁggr% |$I#%9LF% s%§%%§HF§§§rgg%fér$§e§ﬁ39§ o

50vo|@6to 80Qvol % of the an| exchan 0013]

FEETH Y & ab GV §§ﬁé‘ naHHSH ]ﬁa%]%%%nger t hat

fills the first Iayer of the desallnatlon chanber s

conpri ses no i 28 5OLv HE QP RG changer .

This facilitates novenent and selectlve reanaI of

di M38Ht cations such as cal ciumions (Ca2+) and

magnesi umions (My2+) in the water to be treated.

Al so, the exchanger filling the second |ayer

. cobgsprdings tother Tis0asPes 1 BOVRSFIbinvendomarihek is provided an

electr%é&%gﬁ%ﬁr gﬁm&[ﬁgh{%&%ﬁgﬁﬁ ﬂrplyerrent and renmoval of

I car bonat wat er to be treated

ano ésg%d,ﬁ&@ﬁﬁécﬁfﬁ%gﬂgtéﬁy% 55@5%9: Cbncepﬁrating

i nati on ers mater SSOCIa ion.
articul.ar

Lon o dr oxj ca e e .
charfRs. &gk Beqr PhBAE L P §F‘ﬂa%f~‘ﬁ8 srtersatglesrpmEng
treated, by filling with_a catlon rlch i on exchanger '
Plurﬁ%@?ﬂ%@%n+%®%¥0hﬁﬁ96mﬁ%Qﬁ@ﬁﬂﬁ?%%ﬁ%ﬁl?%eﬁéhﬁﬁéﬁﬂ@@branesr
is infused first. [0014] - _According to the
eachseéohide ssperantafattineg prhegdmrs peénui provided evitth a bipolar
provi ded an el ectrodei oni zati on apparatus having a
membcankode padtani amoiles Emﬂehawrrmﬁzﬂﬁaﬂdundéqwra&dm@edhamber
t her ebet ween concentrati ng chanbers and desal i nati on

1nto@ﬁ%ﬂﬁ5&éQYd@hh@@MﬁﬁﬁdeQiﬁéngﬂﬁgein@ééﬁ%fEMe@Esallnatlon
~ani on exchange nmenbranes and cati on exchange

chamﬂ@ggrﬁgeﬁlvﬁﬂ&f {ﬁ%%ﬁ%%Qﬁgﬁggt{ﬁg'f5¥é¥EMﬁ¥ﬂEiu n@ga first

provi ded w t rane to partition t
nterlor of the conce tratin nber
ayel U8 A G A8 bt ORI AT BRA 6f CEni o s o
de alinati on_chanbers is d|V|ded into at | east three '
tiow abdftey QA B8 hgeateicr st Fayér P HleRbheh 138y drmafdchangex

third | ayer, froman upstreamside in a direction of
comp¥iphngfanadrion cehehangar edndandcatidn |¢xehagadr arthe ion

i on exchanger conpri sing '
exchanger filling the first layer comprises no less .than 50vol%

of the cation exchanger, and the ion exchanger filling the second

layer comprises over 50veol% to 80vol% of the anion exchanger.



an ani on exchanger and a cation exchanger, the ion

exchanger filling the first layer and third | ayer
conprises no | ess than 50vol % of the cation
exchanger, and the ion exchanger filling the second-

agﬁr anrises over 50vol % to 80vol % of the anion
Q%é . [0015] According to the above aspect,
di val ent cations such as cal ciumions and magnesi um
i oAscarding hethwabere aspech thetipeat ed nmove and are
selectively renoved in the first lLayer of th
excyesakbirnzhdiof idAanble L1 i e Ve ghehegRsadination chanbers
bi car bonat e i ons and hydroxi de ions are renoved in
comphesseaantle s ayernod 0tdics désaht hat pvphahaabeldisfgagilitates
result, this allows preventing formation of a scale
mov@rﬁeﬁﬁ'ﬁ&%@é&bgﬂ@tﬁmd’(&gﬂ]e&l anviydroxbdeons dieh kbkamlcium
in the desalination chanbers, and enabl es novenent

mnénﬁcﬁemxﬁh ghENoURl € s C@tcjzopslrﬁlt@a@ astsedtynmé OnSeated.
ethird Iayer of the desal i nation chanbers The

 m1s§ §5d edelonizatian ; AAPELEL Y3 CAN 1INELAL Gl ALY 698 BovoLs

fesu over fong per S~ of roving t
of .t he delonlzed wat er obt.ai_ned.i.n

ljty
o Jh&l ki ERamBerECiFRRTs] WhrH fé%&&.tﬁ%ﬁﬁsm gyement and

the present invention aIIOM/proceSS|ng wat er to be
remeyaht @l bilsarhPeRtEheCR Bt HICPar R SfFoRRRET O be treated and
' concentration is 0.5ng/L or higher in ternms of
of paficoxnde aidonat@ ¢ ogeartredtadonn Fb@ld?SEi@m@§r¢mychambers
the total hard conponent content of water to be
thréigated dihat skscsappbh edid @arhe callect riseioni@abEomnydroxide
apparatus is adjusted to less than 0.5 ng/L by

" scald Qé’érg'b'égpile%éﬂﬁéﬁ eVEeh St OSADSirsy RBBDHANSF dQM GRter to be

as a pre-treatnent apparatus upstream of the

t .
treateﬁg Ey%eil éﬂ‘ziﬁ{‘? e e ect * o(ﬁe?orpé%\fﬁgﬁ P%E@bﬁirst laver, _

sca or mat I oni zat | O appar at us.

further reverse osnpsi.s nenb ane .d vrce st be
1nto gt o d- Bt e tioog%f %t%‘i & Y ST ent IS5t he

water to be treated supplled to the
el B8P+ odei oni zation apparatus is 0.5 nmg/L or higher.
According to enbodi nents of the present invention,

- hoNg¥Rling YRR sdeBnd8spebeat 88 SraftnPeRhOGE 3526 i¥WhioRelell an |

electrodeionization apparatus having a_cathode and an anode, and having alternately

formed therebetween concentrating chambers and déﬁsalinat‘ion :

chambers by altef’nately arranging a plurality of anion exchange
membranes and catiqn exchange membranes, each of the concentrating
chambers lbeing provided with a bipolarr membrane to partition the
interior of the concentrating chamber into a cathode side and an
anode side, wherein each of the desalination chambers is divided
into at least three layers, includi-ng a first layer, a second layer
and' a third layer, from an upstream side in a direction of flow

of water tobe treated, and is filled withan ion exchanger comprising



providing a further reverse osnosis nenbrane device,
even when the quality of the water to be treated
deteriorates or when the total hard conponent
concentration in the water to be treated is extrenely

hi.gh. 0018 I | t illin
on o L ol 0hBobi B SIROEHERELY Ll pLeTEtor sinsias
.. 'PH adjusted to 6.5 or |ower. Wien the F&is i,gh S0vols of
- the [Gnei #ﬁéeﬁkﬁ?dl?E%EQHﬂ%¥%ﬁnﬁ&§ﬁ€ﬁﬁ§ssﬁ§h %%SHQ%H53|um

hydr oxi de precipitate at- portions of high vol une :
the rationekcaphorrexaihheridmskgeapger ééégppaétﬁeo%econd layer
chanbers. This may preclude the el ectrodeionization
comappaisabusr f 5o Dparcatinglét ablyhe bnienbediinergesr.of
the present invention, however, formation of
hydr oxi de scal e such as nagnesi um hydroxi de scale in
the el ectrodei oni zati on apparatus can be effectively
pLﬁﬁpqﬁed by processing water to be treated having a
p a&]usted bef orehand to 6.5 or lower. [0019] In
enbodi nents of the present invention, the
bi Awbalingottrecabeve aspegy dialentbl y provi ded in the
concentrating chanbers in sych a manner, that ﬁp ter t
catigfisofUeRcAinge LFayBr 1907 ke PEIPGEEY thPThe Thandife ¥ater =°
side and a cation exchange |ayer surface is faced to
be trketedthode Fidare 6020FtATedVdr AECTRS dibbarnehf St ofayer of
the present invention, by facing to the anode side _
the theadnhahiex ctiamgest sy erhisiur faacieonsf sthb &f polgarbonate ions
. menbrane provided in the concentrating chanbers, and
and k@@ g 401 $he agatihedsr i de thhes aatddom exchainge deaydrination
surface of the bipolar nmenbrane, the bipolar nmenbrane

Chan@%e%K‘SAgaA ?EBG‘lit?%thrém@d@%rfeRr@Htiﬁﬁ Aesalditat b@na scale
chanbers on the side of the cation exchange nenbrane.

of. t.he concentratin Ther . hLcarbopat.e; 4 on:
of cpaélrcr%‘éjg]t icﬁagPpg%efhm% %%% & ?wcﬁ%g(ﬁgé aebopate. 1o fr(ljethe

e desalinatron chanbers on the si

o

of. the anion exchange nmenbrane of the concentratin
desaiigitiars, CeETPRAS t B C SPEPUnS GRYCHRA t feS ooV of

_ bi carbonate ions are prevented_fron1coning together.
moncFELeatti 6AtdPna seaheadfsedl ¥R kP tarBoRAfe THETENEP YT kT e

can be prevented as a result. [0021] _
desalination chambers. The electrodeionization apparatus can

operate stably as a result over long periods of time, while improving
the quality of the deionized water obtained in the desalination
chambers.

-10016]

Fmbodiments of the present invention aliow processing water
to be treated in which the total hard component concentration is

0.5mg/L or higher in terms of calcium carbonate concentration.

[0017]

Ordinarily, the total hard component content of water to be *



I n enbodi nents of the present invention, the

concentrating chanbers are preferably filled wth an

i on exchanger. According to-enbodi ments of the

present  invention, filling the concentrating chanbers

wi-th an ion exchanger allows jons to nove quickly in

treeﬁedc%fh%*énﬁ SIOR) 1eHaRbekRe abRr i drehiessrRgaratus is
"~ voltage rises during operation. Deionized water of
ad]jgsabll dcqlabiethhacad. begdbﬂar@e@vaglagﬁesuhgleAbge:seosm051s

cal ciumions and bicarbonate:ions that pernmeate from

membheneesatival i 98 £hardensdmient Heoneent r abkfgean of the
chanbers can be renoved, while scale is effectively

ele@f@&@@i@ﬁl;ﬁ%xﬁ %rp'iﬂa@“gtbg the Loncent fRdiag, %GQT@%&Ematlon
[0022] hbodi ments of the present

f |
in Clﬂ%lnne ‘{IL én%cl%;ret %%%t}:l(‘)ytt\% gv\-%l \%g tﬁeitrr%#?l[j]se CSmosis
desal t h t fl d f
meniyH ﬁg?’élf:%ﬁﬂf%ﬁ?gb it SRR AR gt o ShbB hete 16y comtent
t he present invention, causing thus part of the

of the ot Wtk HEFIs TIBES- itk teotdenelaet Agdeionization

: chanbers all ows reducing cal ci um concentration by
-~ appardiuk 4§ 0RImWITt Br @ h@ﬁ'&&grd‘lﬁt &F crhb&RIimEA S Wk ditd PRsefBERention,

in the concentrati ng chanbers, even when treating

howeyert watchtanhieritpatedivig he pakessedwienvéent rati on, such as
tap water. This allows preventing yet nore

prowidiec] bvehythoF Melion0fsneak 8 r&é?nﬂflﬁle0889§@é I ableRGwhen the
chanbers. ADVANTAGEOUS EFFECT OF THE | NVENTI ON

qual[ng’Z%]f the watmod'b%eg gaggdt Hgtggfg‘fﬂeé %\fe?}lelq?%he total

k to provide an €lec €l onizat1on appara
eratfe stably for Ion periods, of t
har%?%%ﬁ??ﬂ R AR O R e Hh g reme Ly
. .and desal i nati on chanbers. BRI EF DESCRIPTION OF THE '
RighpRAWNGS. [0024] Fig. 1 is-a schematic diagram
show ng an el ectrodei oni zati on apparatus according to
an O&i¥adi nent of the present invention; Fig. 2

is an enlarged cross-sectional dlagran1shomﬁng a
roftheelectrodelopﬁgbtlon

gglgi% bogt ‘%Pst ﬂ%ﬂg ﬁroes%ilt rlrrévreptlon the wate ¢ treat %%?{Jl%tfeusb ya
pH adjusted to 6 5 or lower. When the pH is high (alkaline pH), insoluble components
such as magnesium hydroxide precipitate at porti'ons of high- volume ratio of anion
exchanger 'ineide the desalination chambers. This may preclude the electrodeionization

apparatus [rom operating stably. In rembodiments of the present invention, however,

formation of -hydroxide scale such as magnesium hydroxide scele in the

electrodeionization apparatus can be effectively prevented by processing water to be

treated having a pH adjusted beforehand to 6.5 or lower. |

[0019]

In embodiments of the present invention, the bipolarmembrane



Fig. 3is a flow diagram showi ng the flow of water to
be treated in the el ectrodei onizati on appar at us
according to the enbodi nent; and Fig. 4is a
schemati c di agram showi ng a conventi ona

el ectrodei oni zati on apparatus. DESCRI PTI ON OF THE
- REFERENCE NUMERALS ™ [0025] fl el ectrodeioni zation.
apparatus 11...anode 12.. .cathode 13...ani on exchange

DFAIES %ﬂ‘ow_&@ﬁ hﬁ&h@%ﬁ;‘&l@rﬁﬁf@ @Iﬁlﬁﬁbe rsin suchamanner |

.concentrating chanber 16..-. desalination chanber

: anode ch
a1 TS PRI 1y e Chamate20s b 5o

2
andoaB c:atcl%%l ggcheéi(xggearlgae 2 gar:facl:'léf%(:?aced to the cathode side,

[0020]
. According to embédimehts of the present inventioxi by facing to
the anode side the anion exchange layer surface of the bipolar
membrane pIOVJ.ded in the concentratlng chambers, and faCJ.ng to the '
cathode si&e the cation exchan_ge layer surface of the bipolar
membrane, t;he bipolar membrrén-e blocks caicium ions permeating from
| the desalination éﬁalnbexs on the _side of the cé.t ion exchange membrane
_ of the. c;bnc_éntr-éﬁtihg‘chambers, and b-_i_c_.arbénate'ipns permeating from
.' tﬁe desalination chamb_eﬁs on the side of the aﬁién é};c;}iange Iﬁembrane

of the concentrating chamberé,' so fthat the calcium ions and the

bicarbonate lons a:e'pre‘vented from comifng together. Formation of

a scale of calcium carbonate_:or the like can be prevented as a result.

[6021]

In embodimeﬁts of the present invention, the concentrating chambers are preferably
filled with an ion exchanger. According to embodiments of the present invention, filling the
concentrating chambers wifh an ion exchanger allows ions to move quickly in the
concentrating chambers, and allows suppressing voltage rises during operation. Deionized
water of stable quality can be obtained as a result. Also, calcium ions and bicarbonate ions

that permeate from the desalination chambers into the concentrating chambers can be

removed, while scale is effectively



30...ion exchanger 30A...anion exchange resin
30B...cation exchange resin BEST MODE FOR CARRYI NG
OUT THE | NVENTI ON | 0026] - An el ectrodei Oni zati on
apparatus according to an enbodi nent of the present
invention is explained next with reference to
acconpanying drawings. Fig. 1 is a schematic di agram
showi ng an el ectrodei oni zati on .apparatus according to
oribg R esent ohedigrent handofient2tisy athaniearged
cross-sectional diagram showi ng a desalination
chagﬁg&‘of t he el ectrodei oni zati on appar at us
acc dg to the enbodi nent. [0027]
Asshowni nFig. 1, 7 - ] o
anel ectrodei oni zat i onappar at usl according to the
present enbodi nent conprises an anode 11, a cathode
121, adusmaenchanberhel Breaevat hovatttanigereg isggreferably

wel | as desalination chanbers 16 .a LALLROfrom th
progifgsher 199 FHrREd 5??e‘%%?5?yp%%1&geﬁggﬁgﬂgnode 7o e

" ges@Nd L e, cahbpsle <12 Dy akkernnalet ysade angi npecatdngpntrating
exchange nenbranes 14 and ani on _exchan %}”EQ@YQW$§ causing

chafigrs.0D@8 rding to epReALEIRtehET cUifcBRT AL AG' chanbér s

. 15 is fitt ] J% a th%léé negbease 2o Baeh concentrating

: thu%oﬁ%%%t?%t?ﬁ%m%%aébgr 1515 thus partitioned by the -

chatbhqnel asl nerbracec?2s | vhbchm apoRfErsr e Bhatibet16ART  W*

' .and a cat hode-si de chanper_158.;10929] tratid¥ chambers,

d61%Wﬁﬁ@aWaH%ﬁ5$8n%l %fgl%?ég%éedlin Such a manner t hat

eve@Nyidl Qnegxchangeelayerisurd acgh20Al tihver eopcstioaded, such

to the.side of the cathode 12 and a _catj.Qn . :
as tayeratsar f des 208°18 PRI (G CPHe Urorhy anbgg e

' =niGanhofat®cirons (HCO3f| perneating
of %%gﬁ??ﬁguggingnation ghanber 16 on the side of the.
ani on exchange nenbrane 13- and cal ci umions (Ca2+)

. perneating fromthe desalination chanber 16 on the
side of the cation exchange nenbrane 14 are bl ocked
respectively by the cation exchange | ayer surface -

ADVANTAGEQOUS EFFECT OF THE INVENTION

- [0023]

Frbodiments ‘of ~the present inventicn
electrodeionization apparatus that can operate stably for long

periods of time while preventing scale formation in concentrating

chambers and desalination chambe;s.

. BRIEF DESCRIPTION OF THE DRAWINGS

[0024]
Fig. 1 is a échématic‘jiagranlshowingenzelectrodeionizatiqn

apparatas acCording to an embodiment of the present igvention;

Fig. 7‘is an enlarged cross-sectional diagram showing a
desalinatiOnchambermﬂ?theeiectrodeionizationapparatuSaccording

to the embodiment;

10
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20B and the ani on exchange | ayer surface 20A of the
bi pol ar nmenbrane 20. This allows preventing formation
of cal cium carbonate scale in the concentrating
chanbers 15, which occurs when bi carbonate and
cal ciumions_conge together. [0030] In the
pFégent 18 FbHPHEHE I RS BY BdN A hse PR Rd W ¢ 60ifegreated
in the concentrating chanbers 15 is not particularly

in the eileegrodeibohgasdont appap tsescaoaiion excHungabodiment;
| ayer 20A and a cation exchange | ayer 20B and has

and high water electrolysis efficiency. [0031] The
desal i nati on chanbers 16 are filled with an anion
exghangeisesi 8cBOMN=aNE ai&athANsEXEHN0L ¢&SHan Bdhas
an 1on exchanger 30. The quality of the deionized

elecVBLEE:1 ORL 2L ned, i Bpthe desal i nation chambers 16 can be
I mproved by filling tﬁe desal i nati on chanbers 16 with

t he anio 0A AR e Gahi exchange
resin 30B—1066 . 4 g—2,—each
dfé@&%ﬂation chanber 16 is divided, fromthe upstream
si rn the direction of flow of the water to be
treated, and is filled with the ion exchanger 30

hévf AECHFIIEhPTAE2RILRENGPPAERBYS of the ani on exchange
resin 30A and the cation exchange resin 30B. In the
pt ésentdenbodi nent, each desalination chanber 16 is
divided into three layers including a first |ayer
16A,.catsedond | ayer 16B and a third |layer 160, from
the upstreamside in the direction of flow of the

wak eint on bextreatednedbesgabodi nent, however, is not
limted to such a division, and thus the desalination

Chamet s o6 RBHaREdh¥hgEdnolor | nstance, into two
| ayers 1 ncluding first lTayer and a second | ayer, or.
into _four or re Layers., [0033] The m xi ng
rg%T%@%?e?ﬁgagngnC%%@%Sﬁge resin 30A and the cation
exg ange_resin 30B in the ion exchanger 30 that fills
t he-Frretirayern16828R8 the third | ayer 16C of the
desal i nati on chanber 16 is such that the volune ratio
ot 7+-RBOEat FAmeREhange resin 303 in the ion exchanger
30 is not |ower than 50vol % The volunme ratio of the
chbi-oatkxdhanempesin 303 in the first [ayer 16A
ranges preferably from 50vol %to 80vol % while the
vbhUnEpoas i omefibihaecat i on exchange resin 303 in the
third layer 160 is preferably not | ower than 70vol % .

Hapd. sRMPANEREBahdevakeBl eatirans such as 0a2+ and
My2+) can be selectively and efficiently renoved from

t 0 t at.,,l pplied to the
d%gg¥?%g§?%ne%ﬁg%g§§sg%gggygﬁggﬁggsing t he vol une
rgbioogfe%gﬁ cat&on exchange resin 303 within the .

ni x&d P e nthat “makes up the first layer 16A. This
agloms Ereven%%n%_fornation of scal e such as cal ci um
caPBoRAL R oP*FBGAESI GRFAYdr oxi de. Al so, i ncreasing
the volume ratio of the cation exchange resin 30B in
t RBBBafrRBdoneSKANERGE MBREE up the third | ayer 160

al  ows renovi ng nonoval ent cations such as sodi um
(Nat) , BESAt diomed HAOR ((ARRANANST GUF HélRt rdBired TONat i s
supplied to the desalination chanbers 16, and which
have26ailed to be renoved in the first |ayer 16A
This allows further inproving the quality of the
dehodi Zegry@t e6nt Ratibs Obb &t ek igrddeiidesabl aatdbdiment
chanbers 16. [0034]

of the present invention is explained next with reference to

11



The volune ratio of the anion exchange resin 30A in

the ion exchanger 30 that fills the second | ayer 16B

of the desalination chanbers 16 ranges from over

50vol %to 80vol % . Preferably, the volune ratio of

t he ani on exchange resin 30A ranges from®65 to
accoBpuol¥mgAdransnOH Fi¢iCB-1s G -s@ndhdthe: |dike)rdnn shie@ing an

water to be treated can be selectively and

elec@%ﬁ@ﬁ_@ﬁ‘ilet!'L8%@@1@)&_&5@&@@3?&&9#;Bﬁ:ﬁ@bk‘@@eﬁ@@n@)o@ﬁment;
t he ani on exchange resin 30A in the ion exchanger 30

t biklLs,th e ] .0
T bera 18" T aer 20 Rp The Vol b L e S aF LR kg 2
[ op. ange resi.n 30A in the second |ayer causes .
desa R hp B AR S Ef oF Bt T e TRb o h ARG P Socording
c texchgggg, which mght result in the formation of a
° thg e tMERAt e of magnesi um hydroxide or the like,
when di val ent cations (Ca2+, Meand the |ike) are
pt88eénf. Formation of hydroxi de scale, however, can
be prevented since divalent cations are selectively
réasvedn im Fhe. i este layeroddifon{0035n apparatdhg according
concentrating chanber 15 may be filled with a m xture
to tidf s enbexgehangectRprNs30 Amngiddee1¢at kofathode 12, an
exchange resin 30B, or with the ani on exchange resin
anodS0in &hbdhel Tatd ok exshangemest mB03ahene. o lddsR9ination
the concentrating chanbers 15 with a m xture of the
chamid 98 g8 '%@@eﬂ@i&ﬁﬁ%@hgﬁgeEE%SC%h%B §§EQ?H9€e ly between
th erther of t one,

resin 30B, or w e foregoing a

C es,jons.to nov ui ckl.y within th oncent r at.i ng .
the £RRER1 H0R T RRERS (Y T bnee sl By TraiiaRnoat don
This all ows suppressing voltage rises during
SXChangs HATBAT2LRT af | DHE bR PR YRI D MR 3R 2rl Bf
stable water quality. [0036] Wen the concentrating
ch@®®®ts 15 are filled with a mixture of the anion
exchange resin 30A and the cation exchange resin 30B,
thechiod hierainaendfrathiend chegbemng 1% indti pasd wdthax bypolar
limted, although for instance, the mxing ratio is
membyHed AbERcANEoAcenthangtyr SsitibSOAS eat i BAs g Ghang®ned by
resin 30B=90:10 to 10:90, nore preferably anion
the BXSIBOHEERSIANS0A Latd O €46HAR0E: f St mOB- 05 B0ng a
to 30:70. [0037] As shown in Fig. 3, the

cathégégg{&geéﬁg%ﬁggif@ggpparatus 1 according to the

present enbodi nent conprises deionized water supply
pL@éﬁg that connects the outflow side of the
desa 'hation chanbers 16 with the inflow side of the
concentrating chanbers 15 and the el ectrode chanbers
(Takh%ﬁ%lwa%@}ewaéwd 2Qat fiodesSkpefhen FUFh aTRaRugh that an
~ the deionizedwat er suppl ypi pi ng, part of the
aniony&SEHIFEE waYs T fSugiang @ sherkefdesafémadi on the side of
chanbers 16 is supplied to the concentrating chanbers
the cE5lamik t12 tdred & ectiriode ahanbers (arodeswhfander2 0B is faced
and cat hode chanber 18) . Causing thus part of the
to thdeisadiezed wWaé eindde flllowaisNkorébel €N Adidi®: ions (HCO;)
chanmbers 15 all ows reduci ng cal ci um concentration by

permed hd B £ he dRIsaniized 1WAl 8FakBEr Gl SHRld 9Dq¥RI®REne anion
in the concentrating chanbers 15, even when treating

r ' [ [-Ci. once at,i .

exch U el it B R S SRS R £rom ehe
ef fective or ion,of scale.n the _concentratin

desa niag SpbnkgrrBE e Be S &2 B PG Sheeirhdhaf forbrane
that is fed to the desalination chanbers 16 of the

14 arg s SRiSPRCGEENCappRratis T2hEeBrRHFMPRLYS thyer surface
present enbodi nent as expl ai ned above has preferably
the pH thereof adjusted befgrehand. Specifically, the
water to be treated that i%zsupplied



is preferably adjusted beforehand to a pH not higher
than 6.5, in particular to a pH not higher than 5.8.
When the pH of the water to be treated exceeds 6.5,
there may form an insol ubl e hydroxi de scal e of
nesi um hydroxi de aor the Ii the_desaljn
208 Lhanara 4g! E#ﬁbsneeaaé'%aurgaaet 1% (B8 HiP¢ i menbrane
differential pressure of the desalination chanbers
20. Thiswalénvwhnorevankayd ehermpt 698t ¢ ictdlif Whearbonate scale
desal i nati on chanbers 16. [0039] The net hod
in ther cadpestiagihbechdiiodr$ hkSwarleich codmmints editeed Disarbonate
not particularly limted, so long as it is an
and eedchafyiphksadpust aegetrethod. For instance, the pH
of the water to be treated nay be adjusted through
addigtipgn of a pH adjuster. Wen a decarbonation
apparatus is prOV|ded as a pre-treatnent, the pH of

the AL réa SR he g%@%ggs%%a{bma% NG-ovided

t he anp ar onatian in ecar bonat i on
paratus 04 ] t.he_el ect rodei.onizat.i.on
in PR A RO TGS Che 15 BOBnP-rbo ey gt ted, so
expl ai ned above water to be treated can ge processed

longbays BBiGRFFad 407 (e BT HF I FRTF diR YeRatiierd PeCRGLAN exchange
when the total hard conponent concentration is 0.5
layepgPPBopnfi gherhiph vetnss elecarelufiéasbbhatancy.
concentration. Also, no scale forns in the
déd&Biinati on chanbers 16 and the concentrating
chanbers 15 even when processing such a water to be

t reat@ska A o 1@ dhhmbbRESL ahirevwsi T BstUR| 09 sapPAL ah Wk change
costs, since there is no need to provide a double RO

res:LHEﬁ@?&aé}ﬁj dewi:¢8 odSe@cRhRgkr 8L RNt o ARRALAL USn A xdehger 30.
el ect rodei oni zati on apparatus 1, even when processi ng

The %ﬁgﬁ_ ggagy{l eV\@efgrtl_IL% 5E5§tggta£%gc94jf]n ]the desalination

ve e een descri
nventlon

aci |l i at|n under st andi ng of _t.he
chambgts, b e B maﬁﬁ?g%ﬂﬁbygﬁé&&ﬁm D EnTT 7 L e o Chambers
vari ous elenents descri bed in_the above enbodi nent
16 while tHugNdeBNBECERNSE T IR Yde 2R thiSpgdon exchange resin
nodi fications and equival ents falling under the
30B.techni cal scope of the present invention. Exanples

[0032]

As shown in Fig. 2, each . desalination chamber 16 is divided,
from the upstream side in the direction of flow of the water to
be treated, andis filled with the ion exchanger 3C having dissimilar
mixing ratios of the anion exchange resin 30A and the cation exchange
resin 30B. In the present embodiment, each desalination chamber
lé isdivided into three layers including a first layer 16A, a second
layerlé6Bandathirdlayer16C, fromthe upstreamsideinthedirection
of flow of the water to be treated. The embocdiment, however, is

not limited to such a division, and thus the desazlination chamber

12



[ 0042] The present invention is explained in
nore detail next based on exanples and conparative
exanpl es, although the invention is in no way neant
to be limted to or by them The test
apparatus used in the conparative exanples and

16 mask epflésidedpriicsed nahaace) vt ed totr boliappratufinghg first
an el ectrodei oni zati on apparatus arranged in series

layernattis Drcderd layer, dActinat etbwardyomappdrytas.
"Kuricoal KWO-30", by Kurita Water Industries Ltd.
Elfeoggpdei oni zati on apparatus : "Kuritenon SH', by
Kurita Water Industries Ltd. Water treatnent anount:

42Qe ln{lh(rln[gogéf@’:lo of the aEH%nV\@J;@iﬁaﬁ?ee Be st hepiednfitaie cation

Wat er) bel OMIMBS prepared for the sts. Wat er

t
cxorfiglRIES Do el Sl el v
layel(:cfl&(sﬁanbdascl Se) E’19_QE4d4 Exg%"%{:aé% T exc?e@al%nl tion chamber 16

is such that the volume ratio of the cation exchange resin 30B in
the ion exchanger 30 is not lower than 50vol%. The volume ratio
of the cation exchange resin 30B in the first layer 16A ranges

preferably from 50vol% to 80vel%, while the volume ratio of the
cation exchange resin 30B in the third layer 16C is preferably not
lower than 70vol%. Hard components (divalent cations such as Ca®*
and Mg“*) can be selectively and-efficiently removed from the water
to be treated that is supplied to the desalination chambers 16 by
increasing the volume ratio of the cation exchange resin 30B within
the mixed resin that makes up the first layer 16A. This allows

preventing formation of scale such as calciumcarbonate or magnesium
hydroxide. Alsc, increasing the volume ratio of the cation exchange
resin 30B in the mixed resin that makes up the third layer 16C allows
removing monovalent cations such as sodium (Na*), contained in the
water to be treated that is supplied to the desalination chambers
16, and which have failed to be removed in the first layer 16A.
This allows further improving the guality of the deionized water
that is obtained in the desalination chambers 16.

[0034]

The volume ratio of the anion exchange resin 30A in the ion

14



The above water to be treated was processed to a
singl e-stage RO nenbrane to yield the water to be
treated in the el ectrodei oni zati on apparatus, the
wat er being treated under the conditions given in
Table 1, using the bel ow ion exchan menbr anes
exchapges| Yeithddeid fat’CPSnS%‘ﬁ%%@a%%%%‘o@t e Eéﬁoﬁﬁﬁ%matlon
exchange resins that filled the desalination chanbers
chamgys { herad@ceht PRAPVAY HaHFck@ 8OVOtLfe Preferably, the volume
el ectrodei oni zati on apparatus. There was neasured the
ratigonfuche \drtiorofetdiemmds aiawech t3@atredowat éroas 6wekb 88vol%s.
the change over tinme of differential pressure in the
Aniofles@H nagcoy, chanhetstadd itke eanceati=Aatdngoahamiested can
for a water flowrate of 10 L/hr in the concentrating

be s&hapbersty They r@:@fﬁéﬁerﬁﬁ%} Q‘éﬁ%éd" plalhe rkasingMher voiume
to be treated was used as makeup water of the

mt“@f"*@ﬁ??‘éé@%ﬂ 3 ERABE. B f@oi@%oﬁ“m oﬁeéi’@ﬂ%%%ianger 30 that
r111 B R R L@ﬁﬁ?gﬁs%e- A Pl Ko TER T Y6 adaRFeasing

Kasei Corp I on exchange resin: _ani on exchange
the viodgg {a@a@,@?thawwq%eﬁeeﬁnga@ﬁ%ﬁoean tE?oFeaC%alaye*
cation exchange resin ("SKIS", by Mtsubishi Chem ca
CauSQ%i¥MLpdm¢entxedipo<afﬁﬁruﬁenﬁi&¢n§5ﬁath00@@h@xﬁzexchange,
[0046] [Conparative exanple 2] A test was
whicltonduttmsult Lhesafiermayidy offrdbgssbrideaicer eunfleagnesium
the conditions given in Table 1, but providing now a

hydr&k Dot ak tROhhaee iifed be veoreentsal bmg (chaiThes ol 4he1ike)
electrodelonlzatlon apparatus used in Conparative

are pEXaERLE Fyr bm%%%laeegéép@em%%@y QULn bs ppevented
appar at us shown I n 1, feeding part g

5111ch n\%lgren% %g%ég}%sg\%%er atnxgéjh(rree%{e ’ ?‘L%l #Iﬂ%tfﬁ%t layer

makeup water of the concentratlng chanber circulation

wat er and as the el ectrode chanber water. The results

are glven in Table 1. [0047]

16A.

The concentrating chamber 15 may be filled with a mixture of
the anion exchange resin 30A and the cation exchange resin 30B,
or with the anion exchange resin 30A or the cation exchange resin
30B alone. Filling the concentrating chambers 15 with a mixture
of the anion exchange resin 304 and the cation exchange resin 30B,
or with either of the foregoing alone, causes ions to move guickly
within the concentrating chamber 15, and current to flowmore readily
therein. This allows suppressing voltage rises during operation,
and allows obtaining deionized water of stable water quality.

[0036]

When the concentrating chambers 15 are filled with a mixture

i5



The bi pol ar nenbrane provided in the concentrating
chanber was produced as foll ows. One surface
of a cation exchange nmenbrane having sulfonic acid
groups as ion exchange groups (trade name: Neosepta
Cv 1, by Tokuyama Soda Co., Ltd. ) was roughened

of t%ﬁ@@@ﬁaﬁ@cwmﬁemééﬁ agAd-hasation grpprieod giesin 308,
hour at 25C in a 2 wm % aqueous solution of ferrous

the mhiongdea{FeCiR)the f Hdtowetngyi s hooousdrwashiag wiltimited,
i on- exchanged water and air-drying at room

althdegpeat ifetar])48hke mixing Aalbo Ws% adidralad, anion exchange
pol ysul fone sol uti on was then prepared by

resighbaromst @kbﬁgn@e%sﬁ%uﬁﬁﬁﬂ% ang ot G VhHGe bhekerabiy
the am nated pol ysul fone, nade into a quaternary base

L r se a
amor‘({:"'aeggglltat ?’?%Q%Jzﬁr'?gq & §£“Hf%)r? é!?cfr}érgge %zgﬁfé% 80:30 to 30:70.
nﬁé gg | - chl orof oi m (vol une rati o=1: 1) . [0049]
T t nat ed pol ysul fone sol uti on was then coated
onto the roughened_surface_of the cation exchange
nBFbFARE" Wi iy bedn treatefchicdeseribR AbRRParatus 1
followed by drying, to produce a bipolar menbrane in
accoyghieh toia e vy ekerts Smbpdi e narm o IsdE Solgsul f v slasr supply
90 pm [0050] [ Exanple 1] A test was conducted
piping thae saneeway e putdéssi njdeatertnendesalireation chambers
conditions given in Table 1, but dividing nowthe

16 wigsalidatrirfanwcbameebs ohet benebfethodey0haRid:aN 15 and the
apparatus used in Conparative exanple 2 into three

elect BYEL 8naABHrEilahion@ dNSHRi P18 SHxed HER Shffo@n1 8N @R rough
exchange reS|n and a cation exchange resin, to a

the dgggﬂﬁ?&%%ltgr%fuﬁﬁgl %%P%F?ggér&etﬁgéég 1?1 z%@%%%éﬁ;ﬁﬁowing

"ayer ["ayer

o .of the anion ex reS|n 0 % in the ,
ot o A b 2l aa Lo B O o £ LDl eSS Tt Bphipgtrating
direction of flow of the water to be treated in the

hambsa| } a1 drF T Hdfo €S CTIRAST eSANRE BT el 3iqFen Ghampgs ¢ 7 and

1. [0051] [Table 1]
cathode chamber 18} . Causing thus part of the deionized water to

flow into the concentrating chambers 15 allows reducing calcium
concentrationbydilutingwithdeionizedwater thecirculationwater
in the concentrating chambers 15, even when treating water having
a high calcium concentraticn, such as tap water. This allows
preventing yet more effectively formation of scale in the
concentrating chambers 15.

[0038]

The water tobe tréated that is fed to the desalination chambers
16 of the electrodeionization apparatus 1 according tc the present
embodiment as explained above has preferably the pH thereof adjusted

beforehand. Specifically, the water to be treated that is supplied

16



Ex. 1 Corrp. Ex.1 Conp. Ex. 2 Applied voltage(V) 22.0

15.0 23.0 Current W2.2 2.2 2.2

is preferably adjusted beforehand to a pH not higher than 6.5, in
particular to a pH not higher than 5.8. When the pH of the water
to be treated exceeds 6.5, there may form an insoluble hydroxide
scale of magneéium hydroxide or the like in the desalination chambers
16. This scale may lead to a rise in the differential pressure of
the desalination chambers 16, which in turn may end up obstructing
the desalination chambers 16.

[0038]

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

{0040]

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

electrodeionization apparatus 1, even when processing poor—quality

17



Water recovery rate(% 85.0 85.0 85.0 Inlet
conductivity (nS/m 1.7 1.7 1.7 Qutlet cunductivity
(nmS/ m -0.057 0.063 0.058 Desal i nati on chamber fl ow
rate - Initial (L/hr) B

.water te be treated.

[0041]

The above embodiment has been described for facilitating
understanding of the present invention, and not for limiting the
present invention. The various elements described in the above
embodiment are thus deemed to also include all design modifications
and equivalents falling under the technical scope of the present
invention.

Examples

T0042]

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

Thetestapparatususedinthecomparativeexamplesandexamples
comprises an activated carbon apparatus and an electrodeionization
apparatus arranged in series in this order.

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

Eiectrodeionizationapparatus: “Kuritenon SH”, byKuritaWater
Industries Ltd.

Water treatment amount: 420 L/hr

[0043]

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

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

basis)

18



10.0 10.0 10.0 Desalination chanber differential
pressure(MPa) Initial 0.06 0.06 0.06 After 1 week
0.06 0.06* 0.06 . ,

Feed water CO; concentratlon 29 ppm (CACO; basis)

[6044] | | '

[Comparative example 1]

The above water to be treated was processed to a single—-stage
RO membrane to yield the water to be treated in the
electrodeionization apparatus, the water being treated under the
conditions given in Table 1, using the below ion exchange membranes
of the electrodeionization apparatus and the below ion exchange
resins that filled the desalination chambers and the concentrating
chambers of the electrodeionization apparatus. There was measured
the conductivity of the obtained treated water as well as the change
over time of differential pressure in the désalination chambers
and the cpncentrating chambers for a water flow rate of 10 L/hr
in the concentrating chambers.

The results are given in Table 1.

Watertobétreatedwasusedasnmkeupwateroftheconcentrating
chamber circulation water and as electrode chamber water.

[00645]

Anion exchangemembrane: “Aciplex A5015B”, by Asahi Kasei Corp.

Cation exchange membrane: “Aciplex K501SB”, by Asahi Kasei
Corp.

Ion exchange resin: anion exchange resin (“SA1CA”, by
Mitsulbishi Chemical Co., Ltd.) and cation exchange resin (“SKI1B”,
by Mitsubishi Chemical Co., Ltd.) mixed to a volume mixing ratio
of 6:4.

[0046]
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After 1 nonth 0.05 - 0.08 After 2 nonths 0.06 - 0.10
After 3 nmonths 0. 06

[Cbmpérative example 2]

A test ﬁas conducted-iﬂ‘the same way by processing water under
theconditionsgivéninTablel,bﬁtpmovidingnowakﬁpolarmembrane
in the concentrating chambers of the electrodeionization apparatus
used in Comparative example 1, assembling the electrodeionization
apparatus shown in Fig. 1, and by feeding part (15%} of the deionized
water obtained in the desalination chamber, instead of water to
be treated, as the makeup water of the concentrating chamber
circulation water and as the electrode chamber water.

The résults are given in Table 1.

[0047]

The bipolar membrane provided in the concentrating chamber
was preoduced as follows.

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

00483

A 15 wt% aminated polysulfone solution was then prepared by
chloromethylating a polysulfone, and dissoclving then the aminated
?olysulfone, made into a quaternary base with trimethylamine
(quaternary base exchange capacity: 0.92 meg/g), in a mixed soivent
of methanol-chloroform (veolume ratio=1l:1).

[0049]
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- 0.14** Concentrating chanber flow rate -

Initial (L/hr) 10.0 10.0 10.0 Concentrati ng chanber
differential pressure (MPa) Initial 0.06 0.06 0.06
After 1 week

‘The aminated polysulfone solution was then coated onto the
‘foughenedsurfaceofthecationexchangemembranehavingbeentreated
asdescribed above, followed bydrying, to produce abipolarmembrane
in which the thickness of the aminated polysulfone wés 90 um.

[0C30]

[Example 1]

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

The results are given in Table 1.

[C051]

{Table 1]
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0.06 0.27* 0.06 After 1 nmonth 0.05 - 0.05 After 2
nonths 0.06 - 0.06

Ex. 1 Comp. Ex. 1| Comp. Ex. 2

Applied voltage {V) . 22.0 15.0 ~23.0
Current (A) : : 2.2 2.2 2.2
Water recovery rate (%) : 85.0 B5.0 85.0
Inlet conductivity (mS/m) 1.7 1.7 1.7
Outlet cunductivity (mS/m) - 0.057 0.063 0.058
Desalination chamber flow rate
_ Initial (L/hr) 16.0 10.90 10.0
Desalination Initial 0.06 0.06 C.06
chamber After 1 week 0.06 0.06% 0.06
differential After 1 month 0.05 - 0.08
pressure (MPa) After 2 months 0.06 - 0.18

After 3 months 0.086 - 0.14+*=*
Concentrating chamber flow
rate - Initial (L/hr) 16.0 10.0 10.0
Concentrating Initial 0.0¢ 0.06 0.06
chamber After 1 week 0.0¢6 0.27=* 0.06
differential After 1 month . 0.05 - 0.05
pressure (Mpa).After 2 months 0.06 - .06

After 3 months 0.06 - 0.0¢

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

** Desalination chamber differential pressure rose gradually.
Although the apparatus did not become blocked, it was Jjudged that
operation could not continue, and the apparatus was stopped.

[0052]

As shown in Table 1, after one week the concentrating chamber
differential pressure surpassed the desalination chamber
differential pressure in the electrodeionization apparatus of
Comparative example 1, which became inoperative. In the
electrodeionization apparatus of Comparative example 2, the
differential pressure in the desalination chamber rose after three
months. Although the electrodeionization apparatus did not become
blocked, ongoing operation thereof was rendered impossible. By
contrast, the concentrating chamber differential pressure and the
desalination chamber differential pressure did not rise in the

electrodeionization apparatus of Example 1, which exhibited stable
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After 3 nonths 0.06 - 0.06 * After one week, the

concentrating chanber differential pressure surpassed

the desalination chanber differential pressure, and

the el ectrodei oni zati on apparat us becane i noperati ve.

** Desalination chanber differential pressure rose
opergiafnaPvgr Ahrfeugbnthe. apbasashevaidtihat Hezome

bl ocked, it was judged that operation could not
eleCtDnﬁemua;zanﬁon hepeopeinad ust mmmaedll@ﬁﬁaﬁeventlng the

As shown in Table 1, after one week the concentrating

form&bashest dhi&@ﬁ@%&@b@@%@ﬁ% Su s sedckherating chambers,
desal i nati on chanber differential pressure in the

and si@s&goﬁ%eghgﬁﬁ@%ﬁ@@@i@aU§f%§9@@ﬁmtﬂ9&o€e&@@|&ale in
, becanme inoperative. Int

the gégg%&gggkgglég% ~apparat us of Conparative exanpl e
, e differen |a pressure in the desalination
- chanber rose after three nonths. Although the
el ectrodei oni zati on apparatus did not becone bl ocked,
ongoi ng operation thereof was rendered inpossible. By
contrast, the concentrating chanmber differentia
pressure and the desalination chanber differentia
pressure did not rise in the el ectrodeionization
apparatus of Exanple 1, which exhibited stable
operation over three nonths. This showed that the
el ectrodei oni zati on apparatus of Exanple 1 all ows
preventing the formation of cal ci um carbonate scal e
in the concentrating chanbers, and allows preventing
formati on of magnesi um hydroxi de scale in the
desal i nati on chanbers.
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CLAI M5 1. An el ectrodei oni zati on appar at us
havi.ng a cathode and an anode, and having alternately
foLed t herebetween concentrating chanbers and
desal i nati on chanbers by alternately arranging a
plurality of anion exchange menbranes and cation
exchange nenbranes, each&of 18z d concentrating
chanbers being provided with a bipolar nenbrane to
partiti oM ehectrpepiopisptipe epprenttalPydehamsdhode and
into a cathode side and an anode side, wherein
an aredeh afd$avd ndesat € nad tehy chamsst §hesell viveketd concenatrating
| east two layers, including a first layer and a
chamBeeoONgnd ayesa 1 fnom an cipstibean S del t4reatth et emgifng a
flow of water to be treated, and is filled with an

plurh PNt §XEHANGRT o CONPH &S RHLAR nRI BN £XCNANERENAAge Biembranes,
cation exchanger, the ion exchanger filling

|
each:% %afiidr é%n&%@%aggggf&%%@bggsl@&%}ig§ev§g¥@ ‘%/R@lfl a bipolar

catil on exchang I On exchanger

bl . . 5

membfyé%l{}%: 13209 og?glégi[tgiec%g P@hela Zj;é'g{]ea%gé? rc')ls etsneovce@rOél.CSe%\éc%la oitn% chamber

_ el ectrodei onj zati on apparatus having a cat hode and an

intoghogRtNed s P Al #er MBPEfySi88med t her ebet ween
concentrating chanbers and desal i nati on chanbers by
avberaabetychrefingt g deprbiaitign othamhars e gdifgeled into
menbr anes and cati on exchange nenbranes, each of said

at leowmcents dtdyegschdmbdnsiibei rg fareti dedew #ihd & Hepoiral layer,
menbrane to partition the interior of the

fromGENGEBt FabiNg dhanbediirdcd iarcathder siEdeatadnd tarbe treated,
anode si de, ‘wherei n each of said desalination

and £hamharsg S odi yih dedh iU Algd La8ptike8 gl &Y & Sion exchanger
including a first layer, a second |layer "and a third

a r an treamside in a direction of flow
and o O R ea and i f11 1 cd vi th an i on
exchanger conpri si n_ani on .exchanger and a cation
exCRangbrEeianget trd ipg et Hanter " AringoRREaoes ho less
first layer and third |layer conprises no |less than
thansp0ep 46 0P L s2d HF cat F HAN eRERARGERT / 2R

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

2. An electrodeionization apparatus having a cathode and
an anode, and having alternately formed therebetween concentrating
chambers and desalination chambers by alternately arranging a
pluralityof anionexchange membranes and cation exchangemembranes,
each of said concentrating chambers being provided with a bipclar
membrane to partifion the interior of the concentrating chamber
into a cathode side and an anode side,

wherein each of said desalination chambers is divided into

at least three layers, including a first layer, a seccond layer and
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the ion exchanger filling said second | ayer conprises
over 50vol % to 80vol % of said ani on exchanger.
3. The el ectrodei oni zati on apparatus according to
claim1 or 2, wherein the el ectrodeionization
'~ apparatus processes water to be treated in which the
- a thip dpYRSr df componenst somt sitdeat Pondilseot bory fopw of water
hi gher in terns of cal cium carbonate concentration.
to b4, tidmtad ecindded dnilZzad entappar Adwseadeorgimgaoinpraming an
one of claims 1 to 3, wherein the el ectrodeionization
anioc@ppathitSe Pr anassesavaberekohbegérgated having a pH

adj usted to 6.5 or |ower. _ The
el.get £ 94eL 0RLhZALEPN: PPAA AL 8191 ACEOFL NG Jed- 3K OBE 19f 1ayer
claims 1 to 4, wherein said bipolar nenbrane is

compgﬁ;gg'gdﬁghgsgaﬁcﬂaﬁoassaiﬁaakngffaag%{ i such o fnd

manner an ani on excﬁange ayer surrace |1s 1Tace

h n [ . [ xchan I r rf,
e e Es Ph e 7T BN RILRIAEE e
el ectrodei oni zati on apparatus according to any one of

50vodpaf st dved® 50T whRE @i AT SAR dSEERRRAEF at i ng chanber s
are filled with an ion exchanger. 7. The
eBect r oddicosilemttirpdcdppdrzatisnaepprdiigs tacarndione tof claim
clains 1 to 6, conprising a flow channel for feeding

1 or par whefebutfhow Matterodaiom isaitd cdespphpat i o preherdress water
into an inflow side of said concentrating chanbers.

to bABRACH in whichArhel eetk0dRheAi ZatpOedPRM AT rhtion is
has a cathode 11 and an anode 12, and has alternately

0.5 heyired- thehebet ween, concentLat ing, chamels 15 ntration.

desal i nation chanbers 16 by alternately arranging a

phur al i by OF; ni.0R£X6NAN0E | METRLANES 13, 800 GO, any one

exChange nmenbranes ;. eac € concentrating
chamhers.. 15 bein rovided wi.th a, bi polar menbrane 20
of Clﬁ&mﬁngﬁci’ 31 TREHG T HioF I 6r C BPOERE LR LR PRPPRGLUS Processes

chanber 15 into a cathode side and an anode side, and
watepakh B treatiedalrhatfon RRanBersted beihg diwiter-
into at least two layers including a first |ayer 16A
ahd a sddon€éleayeprdgéBrifadbiramppstateenisitdedingda o any one
direction of flow of water to be treated, and being
of cidin=ed w t4h aheirennexshdangdero13( cenpriseng anroanded in said
exchanger 30A and a cation exchanger 30B. The ion

conc@Xehanned cBRnfdddd ng 4@ 4 asiherayeds 164G 8kBBaNge 1ayer
| ess than 50vol % of the cation exchanger 30B, while

surthbe iis%ceé@{]@% aﬁgdé islildie\r/]%ilcﬁ Qeca%te_%%ngxcl;%e 1&961‘ surface

contai ns over 50vol %to 80 % of e ani on exchanger

is fggﬁab§§§?g%e§g££bdg?§%glectrodeionization appar at us

|y~ opera for a prol onged period of tine
ile preventing fornation of scale in the ,
\ggncent rTg‘ﬁ h eE%éﬁﬂ@nlgnéﬁat&é@aﬁ‘E’%ﬁ%W 2hafbe+ Y to any one

of claims 1 to 5, wherein said concentrating chambers are filled
with an ion exchanger.

7. The electrodeionization apparatus according to any one
of claims 1 to 6, comprising a flow channel for feeding part of
outflow water from said desalination chambers into an inflow side

of said concentrating chambers.
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ABSTRACT

An electrodeionization apparatus 1 has a cathode 11 and an
anode 12, and has alternately formed therebetween concentrating
chambers 15 and desalination chambérs 16 by alternately arranging
a plurality of anion exchange membranes 13 and cation exchange
membranes 14, each of the concentrating chambers 15 being provided
with a bipolar membrane 20 to partition the interioxr of the
concentrating chamber 15 into a cathode side and an anode side,
and each of the‘desalination chambers 16 being divided into at least
two layers including a first layer 16A.andzasecond.layer 16B, from
an upstream side in a direction of flbw of water to be treated,
and being filled with an ion exchanger 30 comprising an anion
exchanger30Aandacmtionexchanger3OB.Theioaexchanger30filling
the first layer 16A contains nc less than 50vol% of the cation
exchanger 30B, while the ion exchanger 30 £illing the second layer
16B contains.over 50voi% to 80vol% of the anion exchanger 30A. As
a result, the electrodeionization apparatus can be stably operated
for a prolonged period of time while preventing formation of scale

in the concentrating chambers and desalination chambers.
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