;e3eb_.4 B6T55 " "' *@0002* El ectrodei omﬁlmwm 'ﬂm ratus and pure water
product ng apparatus Field of the inventi t invention relates to
an, el ectrodei oni zati on apparatus used for pruoeuest ng dei oni zed water in
various of fields including sem conductor facturing, |i qqi3:i ngvyst al

di spl ay manufacturing, pharnaceuti cal nanmmﬁﬁlmwﬂ“wm”mood pr oce$ méﬂﬂ?

el ectric power generation, private device, tabli shnments and the
|i ke, particularly to an el ectrodei oni zati on e atus. Mre particularly

t he presentEldetesdéeivnizatieappatdtiehad padeiwateatprodiingr at us whi ch
removes weakly - ionized species electrolytes including silica and boron at

a high rate, and is suitable to be enployed by a prinmary pure water system
and a recl ﬂHR%{%ft‘b% of pure water producing apparatus. Further nore, the
present invention relates to an apparatus for producing purified water

whi ch enpl oys the el ectrodei oni zati on apparatus of the present invention so
t hd~ she apparatus provids the product water of high quality having

reSiStiVitWi%%Lﬂﬁﬁqle%medﬁﬁogw ~ ~cm i r,.,~a . ?(~~r. Description

of prior art el oni zati on apparatus used for producing the

dei oni zed water S enployed.in various.of fields includjng the.

sen conduct or mﬂiﬁ%&rﬁﬁgﬁg lﬂv§ﬂ%9nt1ﬁ’éai‘?%ﬁpcﬁlé Q¢H0 18{’}17&%/131011

manuf acturi ng plants, the pharmaceutical manufacturing industry, the food
processi ng dppusitus usbd fergstodechpmvdeiontiet waterdin barioks of dields t he
private devices, and the research establishnments. Fig.3 shows an

Spaco02se ARChRHEE SERPRPR ROl AR dia il iR el Ostad foplay s =1

plurality of catjon exchange nenbranes. 14 are, alternately arranged between
el ect r odes Iamadactar I%tﬁgaﬁnl@‘)euﬂc%@haméﬂﬁh‘éﬂ% fl%é’dapﬁé(ﬁﬁﬁlggy form
concentrating conpartnents 15 and diluting conpartnents 16, and the

di luting celeettiopvwet Gedieratioheprivate dovice, eseanctr sstaltsdislatients

exchangers conprising i on exchange resins, ion exchange fibers or graft

exchangers . 0y Thagk8’ pAiticul bl 6% 8idtrodeionization apparatus.

More particularly the present invention relates to the
electrodeionization apparatus which removes weakly - ionized
species electrolytes including silica and boron at a high rate, and is
suitable to be employed by a primary pure water system and a
reclaim system of pure water producing apparatus.

Further more, the present invention relates to an apparatus
for producing purified water which employs the
electrodeionization apparatus of the present invention so that the
apparatus provids the product water of high quality having

resistivity of more than 18.0MQ - cm.



In Fig.3, the sign 17 denotes an anodi c conpartnent and the sign 18 denotes
a cathodic conpartnent. In the el ectrodeionization apparatus, H+ ions and
OH ions are forned by dissociation of the water to continuously regenerate
2 1 3 U-"~ 2002 the ion exchangers filled in the diluting caonpastaents so
that the el ectrodeionization apparatus can efficiently deioniZe the water.
Fig. 12 is an expl oded view showi ng the structure of the

el ectrodei oni zati on apparatus. The el ectrodei oni zati on apparatus includes a

cat hode enq)@g@tjgtﬂéﬂ of préef hage 102 extending along the end plate 101, a
cat hode spacer 103 extending along the outer periphery of the cathode 102

whi ch are superpqsed,in.this order. Further, a catygen exchange nbr ane
104 a1 rame 108 HorledrPRelofiFaiondaat o 0 BXSdRcRe Hhange
menbrane 106, and a frame 107 for defining a concentrating conpartnent are

super posed deionhzed av fteteis pareloyeeBin varous afdeeld sthecleahingntlee change
menbrane 104, the franme 105 for defining a diluting conpartnent, the

ani on- exchapge; FHR{RLERE diflhu #ﬁéﬁg%g‘;g%}qfts‘j thed h’i‘&rlgyyﬁgﬂgﬁfrz{a}ft i ng

conpartment  conpose one unit. us’i s corpose ity of
such units superposed. toth her. .That is, nenbranes 104, franes 105,
menbr anes TOBNUHAGIRFIEP QG?S»a}bePékﬁe‘%}ﬂé‘@P}‘lt BEAGRECINGI t over the

other unit. An anode 109 is superposed between the |ast anion-exchange

nenbrane 1Qfadastranthedded 55108 industirgdeherslept picepdwri in osed
on the anodic el ectrode 109. The apparatus Is tightened by bolts or the 3

105 is the R bhpdRE shar ERBTITYRERAEHCRY, PBR U ResBl b RoSR such as
i on-exchange resin is filled. The space defined by the inner surface of the

frame 107 iestabhbsbhanentssr ating conpartment in which a spacer including a
mesh spacer is disposed. A direct electric current is supplied to pass

between the anofig E98hanek hbclrtiodeiciiZatio M BFatils Besdlosadss i S fed

to the diluting conpartnent through a raw water “inlet line 111, and feed
varer 15 | ShiA L hosiens TR A TRALITERholR: LN 8 SIS 8 ©
anion exchange membranes 13 and a plurality of cation exchange
membranes 14 are alternately arranged between electrodes (anode
11, cathode 12) in such a manner as to alternately form
concentrating compartments 15 and diluting compartments 16,
and the diluting compartments 16 are filled with anion exchangers
and cation exchangers comprising ion exchange resins, ion
exchange fibers or graft exchangers in mixed or multi-layered form.
In Fig.3, the sign 17 denotes an anodic compartment and the sigi
18 denotes a cathodic compartment.
In the electrodeionization apparatus, H* ions and OH™ ions

are formed by dissociation of the water to continuously regenerate



conpartment Mows through a layer filled with the ion-exchange resin whereby
impurity ionin the raw water is renoved so as to nmake the raw water to

dei oni zed water which flows out through a deionized water outl et} 3 ith& 206
The inpurity ions perneate the nenbranes 104, 106, the concentrated water
in the concentrating conpartnent flows out through a concentrate outl et
line | 14. Electrode water is passed within el ectrode conpartnents through
introducing lines 115, 116 and discharging lines |17, 118, respectively. An
el ectrodei ghiezidhi eRchBp@icdsUBlled WMtk dldting tompartrhedtMdotha08Re
conpartment is provided wth vertical partition ribs for dividing the
diluting cq rtnent_into cells being |long.4n. t vertical .direction is

di scl osed FEqBRUEIeRi4atian apliang s At Efiiently siignizs thsnWatss: at us
having the diluting conpartnent divided into |long cells by ribs in which

i on- exchange resilfig. 4215 ahl exploskpbvié¢ weshyowihg thestenctairegoptheomenon
where the flow of water fromthe inlet to the outlet of the diluting
Conpart”En%lé&MéibﬁiidﬁBﬂ?ﬁhgfgtﬁé prevented and the conpression and the
i on exchange resins 1n the di I'ng conpartnent is prevented from being
conpressed or noyed. hn t he el ectrqdei oni zation.apflgéat us of JP4-72567B,
the nunber of th electrodelonizatgRApRArates dncludes @ ¢ak endi vi di ng
the diluting conpartnment in the vertical direction. That is a |arge nunber

of cells caplatetlOk 4 eavhdden 02exappdiapguslongithbend tplaté!i®il,of the water
in a lateral direction is blocked by the ribs, so that the contact

efficiency r he_ L.eon- a [ i I n

i t1 on. ” eAGHPER 305 efhditfe MRS THeCRHPf BRAMBRLEREIR of (e
cells so that_the cells have a vacancy at .upper portiaqns thereof, whereby
the rate otathpdent02 mehichh asrciizpeeposed ap thigrder. Joupther, Fcgtions a
system di agram showi ng a conventional apparatus 5 ~ ~ Ma's 2002 for .
produci ng pschbree wesebranty 19 avidimleht05! foetdefiaiepizdihaingpparatus in
which raw water such as the city water is treated in an activated carbon
treating device 1. a [EVEr S :0SMDSiS nenbr an treatmwg, ge |c?r621mé31r167an

el ect r odei GRISBRFYRCRt, 41, AIN0R-eXChange membrarie nd a

for defining a concentrating compartment are superposed on the

cathode spacer 103 in this order. The cation-exchange membrane
104, the frame 105 for defining a diluting compartment, the
anion-exchange membrane 104, the frame 107 for defining a
concentrating compartment compose one unit. The apparatus is
composed of a plurality of such units superposed together. That is,
membranes 104, frames 105, membranes 106, and frames 107 are
repeatedly superposed one unit over the other unit. An anode 109
is superposed between the last anion-exchange membrane 106 and
an anode spacer 108. An anode end plate 110 is superposed on the

anodic electrode 109. The apparatus is tightened by bolts or the



To renmove weakly - ionized species electrolytes including carbon dioxide
gas (Q02), silica, boron and the |ike in an el ectrodeionization apparatus,
it isrequired to ionize these species and formions as foll ovvs 33‘\9\{\' g@[jan
conpartnments: CO02+OH - ~HCOg- (pKa=6. 3 5) Si 02+0OH ~HSi 03- ;1
H3BO3+OH-jB (OH) q.- (pKa=9. 24) Even the conventional el ectrodel oni zat| on
apparatus can conpletely renove weakly - ionized species having | ow

di ssoci ati on constant (pKa) such as C02 by increasing the applied voltage
to di ssoci §fjg water. However the conventional electrodeionization apparatus

scarcely renoves weakly - ionized species having high dissociation constant
such as silica a boron o he ,qrd 60 to 90%.even

vol tage is increggkﬁj ?ﬁedr%é?eflg)%g e‘%%uﬁ %‘Eﬁ@ﬁrsﬂe&iﬁ@m%ﬁi%%g have
been proposed. |I. To fill diluting conpartnments with nulti - |layered ion 6

~ 3 ~fi, Y 2bed¥nthangensparimeskdniviachaanaoreerbhagegeral@bRaswach amat i on
exchange | ayer so as to nake the water al kalinee tenporarily in the anion

ater T a Ao iiptieS TeRRtls Mol TH LHAE Hofihed I LA iler bl faces ™

apparatus ( s d| closed is USP 4,298,442). 111. To provide the conventional
el ect r odei @it @ﬁngpﬂéﬂ as thesconcenirajingmmpargaenty bnm/gwm@ RO
apparatuses at two or nore stages to renove silica before the

el ectrodei @p'aé@i"lﬁ@lﬁﬂﬁ@g%ihfesh @the@rabcm%p@@éd.l, the diluting

conpartments fill ed W|t mul ti ayered ion exchangers can not |ower the

he. som conduct o> AT ReHFRGuHEhls bRBBIRR, ESRAsT otk bebilliie ™ ©

al t hough t he rermval rate of silica is increased by 5 to 10% it requires a
devi ce for asidlendO9andshecathodg 102 staw wadartto bedreatedis dad too

provi de a softening deV| ce to conpletely renove the hardness including Ca2+
and My2+ f Rp@ diltgtf ﬁﬁmﬂ@ﬁrﬁ%ugusrﬁﬁwwmﬂ iﬁﬂ@ﬂ‘lnfé)itlsl drid t he

af orenenti oned case _ an el ectrodei oni zati on
feed water is fed to the concentrating compartment 108 through a
concentrate inlet line 112. The raw water fed to the diluting
compartment flows through a layer filled with the ion-exchange
resin whereby impurity ion in the raw water is removed so as to
make the raw water to deionized water which flows out through a
deionized water outlet line 113.

The impurity ions permeate the membranes 104, 106, the
concentrated water in the concentrating compartment flows out
through a concentrate outlet line 114. Electrode water is passed
within electrode compartments through introducing lines 115, 116

and discharging lines 117, 118, respectively.

An electrodeionization apparatus in which a diluting

4



apparatus of non - regenerative m xed bed type is necessary after the

el ectrodei oni zati on apparatus because the water treated by the

el ectrodei oni zati on apparatus includes silica and boron of 0.5 13 MABppE)2or
nore. Generally, when the el ectrodeionization apparatus is applied with the
el ectrical current exceeding the critical current density to deionize, O+
and H+ are forned by water dissociation as described above to carry the

el ectric charge. H+ ion has nmobility of 349.7 cn2 ~leq-1, which is very

large in c i 1 : ol : <Akeg-1, ref
; Manual of @Eﬁgﬁ%{/ﬁ%ﬁP?gﬁle(gé%ﬁgggﬁgfslgb%r# ggphg%l?i%e%gdl‘QH%ﬁéf ore,
particul arl n the diluting conpartnment has a,large thickness W the
T T er once e ARANGS Jampas b BatRo b s 1eng tor s Ve Sea hat | 1
tends to be quickly discharged to the concentrating conpartnents and O+

tends to refigetdtion iddisilbsedia SPAPAREETH.. Atuvtdiaigreso ¢hidla+ and K+ al so

tend to remain in the diluting conpartnents because these are nonoval ent

and H+ ion rrvies the el ectrons, Wi t | §47...val ent tjons and
ani ons | nolIBPHREoniZafipBihpPata i hivhlE ¢ B dlupif ChimER G e
conpartments with relative ease. As the result, the product water tends to
i ncl ude norbvadedtindbdeng eelds bysribs in whiah-ion@xchateEe argin®Areo t hat

t he product water (deionized water) becones al kali ne. Conversely, the

concentrat %’ll@ﬁh@sg@%‘iﬁ?@?y, @Eb@}hﬁﬂeliﬁngmﬁ?ﬂéﬁﬁﬁbn W@hesé thadfSWHRr Y of

the invention It IS an object of the pres nvention to provide an
el ectrodei oni zat i,on appar.at us, whj ch owverc s t,he .af orenenti oned probl ens
S0 Chas e havafek tramePRAiBet 1 the ftich o Hifudne R par e nt s

exceedingly inproved in the renoval rate of the weakly - ionized species
i ncl udi ng parteallybmmessided isherdveeted amelithe ddimpragsiors aswcthesonhhe
caustic soda. Further, it is also an object to provide an apparatus for

stic soda. F . rovi de : for,
Gl cct rodel SAALP TR YEREEs TR MRS CpLh PRI Brp S0 RRATR B T

cat hode, cqncentrating co artrrenté, and diluting conpartnments which are
formed by 15189‘?9@9%%&38 A4 WO¥WLani on exchange menbranes and cation
exchange nenbranes between the anode and the cat hode, ion exchangers filled

in the diluting dontlee electrodeibrizationr appavatus alfi.di4 (256 aByshean
number of the cells is limited because the cells are formed by
dividing the diluting compartment in the vertical direction. That is
a large number of cells can not be formed in the apparatus.
Further, the flow of the water in a lateral direction is blocked by
the ribs, so that the contact efficiency between the water and the
ion-exchange resins is poor. In addition, the ion-exchange resins
are compressed at lower portions of the cells so that the cells have
a vacancy at upper portions thereof, whereby the rate of filling the
1on-exchange resins tends to be poor.

Fig.4 is a system diagram showing a conventional apparatus

5



produce the product water having pH higher than pH of the feed 9 1 3 f~~;
Y 2002 water by 1.0 or nore when the feed water having pH of equal to or

less than 8.5 is treated wi thout adding al kaline agent. The 13 MAY 2002
el ectrodei oni zati on apparatus of the present invention efficiently renoves
the weakly - ionized species including silica, boron fromthe feed water.

The apparatus for producing purified water of the present invention is
provided with plural stages of the el ectrodeionization apparatuses through

whi ch the ffeedmphedind puzifiedovdesr proeidedenii theasdeepasl cioimdahtonh
apparatus is the el ectrodeionizati on apparatus of present invention. The

forenost el ectrodei onizailgn _apparat us repoves, a rt of carbon di oxide
gas. o1 1| cADRBFBS T 7 Hich 1P JAtet shERrAS FhB ARk uRtes L Wi ted thea: oo
in the forenost el ectrodeionization apparatus has the same in conductivity
as the feedmactivated baphen trdating dewace b weverse Tisanosiser treated by
the forenpst apparatus is then treated by conventional el ectrodeionization
apparatus t t i agid i : i n the
arTot i ng consHBraRe AT Hioh 2 T EERLADACORIAINEH 45PRrathE"
mm as di sclosed in JP H4 - 72567B and is filled with either the anion
exchanger al-one or the anion io ~ 3 r~nY ~~0~ exchanger m xed wth the
cation exchanger, the el ectrodei oni zati on appar atus behaves specifically.

That is, when tHhp wehtsve weakilyng ionszed Ispacieweloftralyeds neclorlialg i on or
al kaline earth netal ion which are taken out of a reverse osnpsis apparatus

(RO appar at L hr . r LQni zat. . us, the carbon
di oxyde gas%% aﬁﬁﬁhgggt{%@a’ %llﬁﬁé’ &g? Qﬁn%r:lg ﬁr}gml)ﬁ}%gﬁ{ %%‘si des about 90%
of silica and boron are renoved. Wil e the hardness including Ca2+ and M2+
i s al so reraleetrodaienizabion apparatnenit Ineeauinesl kaionie khesaspecies
difficulty in being renoved and the al kalis such as NaCH and KOH whi ch have

hi gh nol ar pedduet oy aseffldws dnt diduti®ficei parbmeitts: hat the treated
water tends to be increased in pH and slightly in conductivity.

COp+0OH~—=>HCO3~ (pKa=6. 35)
Si0p+OH~>HSi03~ (pKa=9. 86)
H3BO3+OH~>B (OH) 4~ (pKa=9. 24)

Even the conventional electrodeionization apparatus can
completely remove weakly - ionized species having low
dissociation constant (pKa) such as COz by increasing the applied
voltage to dissociate water. However the conventional
electrodeionization apparatus scarcely removes weakly - ionized
species having high dissociation constant such as silica and boron
on the order 60 to 90% even when the applied voltage is increased.

In order to solve above problems, the following have been
proposed.

I. To fill diluting compartments with multi - layered 1on

6



The cause of aforenentioned behavior of the el ectrodei onizati on apparatus
has not been clear in detail, but supposed as follows. That is, \rynFn t he
el ectrodei oni zati on apparatus is applied with the electrical culr ehd 4002
excess of critical current density to deionize, O and H+ are formed by
wat er di ssoci ation as descri bed above to carry the electric charge. H+ ion

has nmobility of 349.7 cn2 ~ -leq-1, which is very large in conparison m 1
3 fa;~Y 2002 with that of the other ions (30 to 70 cn2 ~ -leqg-I,ref ;

Manual of Chem str )Rgﬁj' @%& ) J fore,
particularly when )a(?s t eﬁgﬁﬁﬁésé oﬁ?&@gﬁbﬁﬁ)ﬂéﬁ%g%g%‘yﬁ%%?ﬁcr eases,
the difference of the.nobilities between H+ and increases so that H+
tends to be unil at &I eé‘icé@ibg% €b SPn@s &9 tle watenpikakvees and

OH tends to remain in the diluting conpartnent. Furthernore, Na+ and K+

al so tend to remai ienipbigridy!ivi g sedoPAsLPRahEIosRYS@ S HidIBsERTAY €5

the electrical charge, while the multi - val ent cations and ani ons
i ncl udi ng Ca~+ , _agg{ﬁitéi?ﬁéged to the concentrating conpartnents with
rel ati ve ease. As er 17t~ product water tends to include nonoval ent

al kal'i such as NaOH and KOH so that the product water is increased in pH.
By the sane readbnTa hdjustpditofdiced water inea mangeaof @.5 thet hufsto be t he
tendency of OH to renmain in the diluting conpartnent and the tendency of

H+ to be di schar gedufirighbitHe 6%&?88@?6 : f@g%%us T#ﬁr(ﬁéé’fo%edtﬁe

el ectrodei oni zati on apparatus 1s free o en e matters such

as Ca2+ and My~+ a rated at high conentration. The
el ectrodei oni zat i oﬁ§§ﬁ§§§%éﬁ%3 the present invention may be provided with
a cation exchange nenbrane between the 12 ~ 3 ri~Y 2002 anode and the

ani on exchange tEhfif@peovidé thedidnvéntioteindettrodsiondasti®in to the anode,
so that the concentrating conpartnents is fornmed between the cation

exchange nenbr ane iuft 4 C ar . de, and
t he anodic corrpart%@%&%@&#@%%@t%@ﬁ%ﬁg@éggsbn eé(at{g)r‘{téggmr ane and
the anode. In the el ectrodei oni zati on apparatus , the cation,concentration

in the cathodic coRpPRAtAMSESAhtYe an MoK stages togremove silica before

the electrodeionization apparatus.

In the above case I, the diluting compartments filled with
multi - layered ion exchangers can not lower the concentration of
silica to less than 0.1ppb as required in the fields of the
semiconductor manufacturing and the like.

In the above case II, although the removal rate of silica is
increased by 5 to 10%, it requires a device for adding agents
including caustic soda to control 'pH and to provide a softening
device to completely remove the hardness including Ca2* and Mg2*
from the feed water, whereby increasing equipment costs.

In the aforementioned case III, an electrodeionization

7



resi stance between the electrodes is | ow, whereby the voltage applied to
cells is decreased. To prevent formation of scale in the cathodic
conpartments, the electrodic water fed into the cathodic conpart?‘rénl:’:Ai’sZ[}Uz
decreased in pH (or, the electrodic water is nade acidic). For this purpose
the thickness of the diluting conpartnent is increased to decrease pH of
the water which flows out fromthe concentrating conpartnents and then Mws
into the cathodic conpartnent as the el ecrtrode water. The

el ectrodei oRjpEatdters aPpoAL ¥egeherAgivS 88Bid beverip®is irﬁecké%@fik'& dfeera
forenost el éctrodei oni zati on apparatus of the apparatus for producing

purified er ,in which two. or nore el ectyodei onization apparatyses are
connect edvﬁheseel?f%go@%loi’slzﬁy% RPPATALIShECHRSe ﬁglef %’@SG\W&E @?%%‘33[9{ ur al
stages. Wen feed 13 ~ ~ r~~~,Y 200z water having conductivity of 10,u

S/ cm and i thewlestredéiondzadup b ppadatwsamalfidespgibica and boreaugf 0.6e fir st

el ectrodei oni zati on apparatus of the present invention and then flows

t hr ough th(fosfgﬁ?ﬂ) Sprﬁig?%i onal el ectrodeionization apparatus, the water
flowi ng out to e second el ectrodei oni zati on apparatus has el ectri cal

resitivity of egual taq.or re tha 18(%;-,cmand includes silic Ed
boron of equal RRTIIEE s WileRh the Bro@e1oqgation RPRASIVS FScAPP
water. Since the preceding first el ectrodeionization apparatus renoves the

hardness sugithashéeldatricAbciirrerithexsvedfngithe Gdtienad cirehtatiehsitiyzrt i on

apparatus is free of scale and has the water recovery of equal to or nore

el ect rodei BRI Khpar EE ghoulBatea ey Rt AiEMaLid B

concentrating conpartment of the succeedi ng el ectrodeionjzation apparatus
produces t Hesgribad abowst & carme$bexlegtriohargantlaomhasenodnbtyafy be
m xed together and be fed back to the precedi ng RO apparatus. The

el eci, rudeBay 7aiho 2p§ar ahiehols VB?¥ Raegeih comPH13oN " RIIPEhAL Ofi ded
with thick cells having a thickness of equal to of nmore than 7 mmand thin

fhat the whiePaonna0sR 0 em 05 o TReEs WAt B Ciftopidious g
conpartnment to the thin cell in series. Brief description of the draw ngs
published by Japanese Chemical Society). Therefore,
particularly when the diluting compartment has a large thickness
W, the difference of the mobilities between H* and OH™ is
increased so that H* tends to be quickly discharged to the
concentrating compartments and OH™ tends to remain in the
diluting compartment. Furthermore, Na* and K* also tend to
remain in the diluting compartments because these are
monovalent and H* ion carryies the electrons, while the multi -
valent cations and anions including Ca2*, Mg?* are discharged to
the concentrating compartments with relative ease. As the result,

the product water tends to include monovalent alkali such as

8



Fig. 1 is a systemdiagram of an el ectrodei oni zati on apparatus and an
apparatus for producing purified water of the present invention according
to an enbodinent; Fig. 2 is a flow diagram of an apparatus for producing
purified water enployed in Exanple 6. Fig. 3 is an cross - sectn@%ﬁv\/i
showi ng a structure of a conventional electrodeionization apparat us‘.'”"FiZ@.% 4
is a systemdi agram of a conventional apparatus for producing pure. Fig. 5
is a graph showing the interrelationship between the applied voltage and pH
of the prodNgOMedgd ROPEr¥eehhe theappbduét water Bléidraz@dapatéfpw ng t he
measurenents of the resistivity and pH of the product water neasured in
Exanples 2,to 5 and arative Exanples 2 and 3. Fig. 7 is a

cross-sect iklﬁ%m P I el ect r odei oni zat i on apparatus of the present

i nvention according to another enbodinent. Fig. 8 is a cross-sectional view
of an el ectrodeilomversaly, the can@ntrated ¥@G2rdmramesaadic by thesent

i nvention according to the other enbodinent. Fig. 9 is an expl oded

per specti Vesa\ftgvf'e 6)ehdi | uting conpartnments according to the other

enbodi nent s. g I's a front view showing a partition nmenber under
situation where the water flows along the partition nenber. Fig. 11 is a
front view show ng an exanple of the partition nenber. Fig. 12 is an

expl oded perspective view of a conventional el ectrodeionization apparatus.

Fig. 13 is@t&d@vmd@mmm@r f thednseaidar producing purified water
enpl oyed in anple 7. Fig. 14 is a graph showing interrel ati onship between

Fla. 1516 o i g inanobiad ohPhe iBRSER hien o QenFoRER B ent rati on of
Na+ included in the feed water to be fed into a preceding

el ect r odei elestmoderonpzatienuappatapwsovhich overdomesiher treated by the
precedi ng el ectrodei oni zati on apparatus. 16

aforementioned problems so that the electrodeionization
apparatus 1s free of scale‘ and is exceedingly improved in the
removal rate of the weakly - ionized species including silica, boron
and the like without adding agents such as the caustic soda.
Further, it is also an object to provide an apparatus for producing
purified water employing the electrodelonization apparatus.

The electrodeionization apparatus of the present invention
has an anode, a cathode, concentrating compartments, and
diluting compartments which are formed by arranging a plurality
of anion exchange membranes and cation exchange membranes
between the anode and the cathode, ion exchangers filled in the
diluting compartments. The electrodeionization apparatus can

produce the product water having pH higher than pH of the feed

9



1 3 f1AY 2002 Detail ed description of the preferred enbodi nents
Hereinafter, a preferabl e enbodi nents of an el ectrodei oni zati on appar at us
of the present invention will described in detail. The el ectrodel d)”Efinéﬂ!lZon
apparatus of the present invention is so constituted that the

el ectrodei oni zati on apparatus can produces the product water having pH

hi gher than that of the feed water by 1.0 or nore, preferably by about 1.3
to 3.0 when the feed water has pH of equal to or less than 8.5 w thout
addi ng al kg, e I L Qi J esent
Mventi on of R BECTYPor 6 .S \FREROHE: Poed A afts MRALE BILOE CtRRIRCESED) .
and, boron, and.the hardness b increasiag pH of the water in the

el ect r odei d@ps dbpgh8appatseated wikhendcaddieg edkadine ageiar at us of the

present invention is preferable to enploy the follow ng constitutions i)

and ii): i) TheThd elédtaodeivaiZzaiioh @ppabstﬁé%m@pk@ﬁéﬁﬁﬁhveneﬂgﬂr at us

is preferable to have a thickness of equal to or nore than 7mm and nore
preferably to 3Qmm The t hi,cknes f the.dikuting co rtnents.is the
Uhi ckness. WHCRREYmOvES Wiaie akbnt 198i26d SRsaled SRRBINE SHite 11 and
cathode 12 in as shown Fig.3. m 1 3 MAY 2002 ii) The ion exchanger filled

in the dil donogn fromathefeed watemst preferably the mixture of the anion
exchanger and the cation exchanger. Wen applied with high voltage, the ion

exchanger may b i ﬁ%a]? 1 I
conpartments ma? }%éggpﬁql?(}u\%’x ﬁga%?i(r?%?g@t @f%ttggq%fgtc}h&apggrggytand t he
others may .be filled with.the ani.on_exchanger al,one. Th e e

el ect r odei dRVEREIQH 18,5 884 WHei BRTal & Azes of ihieelectradeipnization
compartnent is filled with the cation exchanger and the other zone in the
di luting cempatatEes thfoughdvivich thecforat waterxfloargat ordernprEher abl y
increased in resistivity of the product water and makes pH thereof neutral
even when ' + he di [ r ' re.: Thi s
s because PReTHstEREr e bptizatidfl hERARHRE I clEctRBIBETRGIR ]
cation exchanger. The_ion exchangers may be filled in the concentrating
conpar t nentaPRaratms of presenbdBNgN$ioMat er el ect r odei oni zat i on

The foremost electrodeionization apparatus removes a part
of carbon dioxide gas, silica, boron and the hardness from the feed
water. The water treated in the foremost electrodeionization
apparatus has the same in conductivity as the feed water and
higher pH than the feed water.

The water treated by the foremost apparatus is then treated
by conventional electrodeionization apparatus to remove the
residual silica, boron and the other ions.

When the diluting compartments has a thickness exceeding
the range of 1.26 to 6.35 mm as disclosed in JP H4 - 72567B and is

filled with either the anion exchanger alone or the anion

10



apparatus, whereby the voltage applied to the cells may be decreased so
that the electric power consunption decreases. The treatnent nmade_ ynder
conditions where the concentrating conpartnments are filled with the oW 2002
exchangers is 1 3 f iAY 2002 and the cells are applied with the voltage

at 3 to 6 V per cell is alnost the sanme as that made under conditions where
the concentrating conpartnents are not filled with any ion exchangers and
cells are applied with the voltage at 15 V per cell. The ion exchangers may

be the ion exeiitanger nedicd withhthd eatic ekehdngyr, fthieers, the graft
pol ymeri zed exchanger in which exchangi ng groups are introduced into fibers

B A e A N M

preferable to be in the formof the beads having uniformsize. The
bead- shapedheowaderhmcheding iansmsdl esnoumtt ofialkabimef meatalbdendsr fal | wit hin
10% of the average bead dianeter and the relative average di aneter between

the anion e@ik&q eh#thmapsl i&g Wﬁ]iél?’ér%xﬁil@éﬁ%dteéfafe%élfse' Gomlosis 8. It
e the e

is nost preferable to operate ectrodei oni zat1 on appar atus enpl oyi ng
af orenmenti oned consti ions i) a ii) in th nner as follaws., The cells
of the dil &HW%&Q& Hpgramsgglﬂw&cﬂm% Ege\/@ppgﬁ@'ﬁ%&o@zﬁ@% V per
cell, preferably at 6 to 50 V per cell, nost preferably at 10 to 30 V per

cell. The wppardtwssths carlspachoxgdecgay (CD?) ahd3thé anibh pethéour,
preferably at SV of 50 to 100 19 1 3 ~"i AY 2002 per hour. When the

Pl udi ng CFRerT gaeiamnbBrbetiEs Bhdi 8% BF I RIN Bech kb,
Conversely, when the applied voltage is too high or when SV is too |low, the

nmonoval ent Y€MPWBAL. are t oo nmuch renoved. When pH is equal to or nore than
9.0 in the diluting conpartnent of the el ectrodei onization appar at us,

silica and boroWaik: ths Hardresmy dtclutiegdOast iared Mepais m@ed sehayved,

uneven cells can nmake pH equal to or nore than 9 in the diluting

compar t rentg Speci f46al daribS kAt Safhe NG UHEHRORY alfifndit) e the
being removed and the alkalis such as NaOH and KOH which have
high molar conductivity leak into the treated water so that the
treated water tends to be increased in pH and slightly in
conductivity.

The cause of aforementioned behavior of the
electrodeionization apparatus has not been clear in detail, but
supposed as follows. That is, when the electrodeionization

— apparatus is applied with the electrical current in excess of critical
current density to deionize, OH~ and H* are formed by water
dissociation as described above to carry the electric charge. H* ion

has mobility of 349.7 cm2Q-leq-!, which is very large in comparison

11



t he maxi mum t hi ckness of the cell is equal to or less than 0.6. Wile the
i on exchange nenbrane enployed in the present invention may be either
honogeneous or heterogeneous, the rate of |eakage of Na+ of 1the4py mm%1
het er ogeneous nenbrane exceeds that of the honbgeneous nenbrane, so that
t he product water is increased in pH Therefore, the cation nenbrane is
preferable to be heterogeneous. The anion nenbrarlc ~s preferable to be
honbgeneous so as to maintain the renmoving rate of silica and boron. Wen

the ratio %itﬁiatﬁ‘i%F ofthe 66hé A58 830%*667 G%IH (P’Iégarigaﬁf 2Waniiab of ] ~ 2002

menbrane to t t he cat’i on exchange nenbrane 1S équal to or less than

0.8, Na+ is.gasily remved ecially wh the e] ectrodei onizatign
appar at us l%ﬁ?ﬂb‘siﬂﬁ $h85§§5’ j@‘lﬁ‘%ﬂ@ﬁﬁ 1EAWROEE e d ﬁﬁf"ﬁ e,
conpartments having a thickness of 10 to 20 mmis filled with the m xture

of the ani gmﬁmmmw wheinnasntet tieickatd s3nWe vt thveodilugsh @ corh @ ardirtent | ows
at SV of 50 to 100 per hour and the applied voltage is taken as 10 to 30V

Cpecios | ndPatragepre o FEEORNE Yt B ofilifs BRRn 1° AIRE QL o5 “

The el ectrodei oni zati on apparatus may have the sanme structure as the
convent i ondnceeases sadihati Ehttendaippdheannzlateraply discharged sodhent i oned

constitutions. The water to be fed into the el ectrodei oni zati on appar at us

of the pr e%@@fceh‘l&l‘ﬁﬂfﬂ%@oﬁpﬁfﬁh@&ﬁ@' A OPF {hd9t6reiRAIA IR flge Si | 1 Ca

and/ or boron prepared by treating the tap water, the river water, the

d wat ey. d the |lik i th ' tus. Th
3 cot 1 odei GHISHRESOmRATELBCF beK AR NV A180 FeskERan y - |

operated in such a condition that the scale index SI_is 500 or |ess. The
scal e i ndexemsanbinitheddbintihg dohpamtmertobesauisa: H21on darxryfies,tle 200
Scale Index SI = [Load per unit area of nenbrane of inorganic carbonate

(o o211 0t ERAHEOSASTIL G BT SO Catigo a2 L)
(mg- o2/ hr ﬁjﬂﬂdlﬂgs Cart ,fﬂglzgmgx‘e aislc(i?gréeragig%ﬂehégnggrrltrlatqg‘é of
compartments with relative ease. As the result, the product
water tends to include monovalent alkali such as NaOH and KOH
so that the product water is increased in pH.

By the same reason, the concentrated water becomes acidic
because of the tendency of OH™ to remain in the diluting
compartment and the tendency of H* to be discharged from the
concentrating compartment. Therefore, the electrodeionization
apparatus is free of scale even when the matters such as Ca2* and
Mg?* are concentrated at high conentration.

The electrodeionization apparatus of the present invention

may be provided with a cation exchange membrane between the

12



t he ani on exchange nenbrane of the el ectrodei oni zati on apparatus, and "Ca2+
concentration in concentrated water" is Ca~+ concentration (converted to
CaCGs) in the water flowi ng out of the concentrating conpartnent. Load per
unit area of menbrane of inorganic carbonate -(ng-CQZ hr dn1)7c%d&®m5m$;ion
flowr ate of feed of COa in feed . water in a water (ng/L)
conpartent (L/ hr) area of ani on exchange nenbraneldm -'7 The inventors of
this invention conducted experinents for naking clear the form ng nmechani sm
of scal es ihddie il hs UIFL0NEZahh AR ARRANB U e bPLhAYRIPRI TENt S, scales
wer e intentional 'y Torred by m Xi hg=2excessi ve anounts of 1'nét ganic
carbononate and Caz+ in feed water_to the el ectrodei oni zati on appar at us.
After that commpagppenismeasestiteibecanrda, sadhatcthe covsenirahang
conpartment was observed. As a result, it was 22 1 3 ~I Ay 2002 found that
cal ci um carchefphet@diftiseid forrh B Fetwae AxdRBasioTeaREAARgR MidiAbrane

concentrating conpartnent side. Accordingly, the inventors presuned that
the formn anj.sm.of scales was follows. That is en th .

el sct r oder MG BE Gl Tabins SoRu T Rfnt s diSis L0 &% theanpdis,e
ani on- exchange nenbrane |ocally becone alkaline. COs '- or HCOs- and O+
per meat i ng conepantmersxshfomms edemdtwaenf thercatnexkohamgecorgmbrase  ar e
concentrated near the ani on exchange nmenbrane. In addition, Ca2+ in water

in the con [ npartnment is drawn or driven to the anion exchange
menbr ane, Cﬁﬂ% EgI% %&gé) or HCGs- and OH react with Ca2+ to form scal es of

cal cium car bonaie (H]ﬁat e ani.on-exchange nmenbrane. The inventors further
studied and foukB thmele@rodgienizatien HPAraB1IS c4NE GHd@R S| obt ai ned by
mul tiplying the |load per unit area of inorganic carbonate of the

ani on- exchgogecnmtritiareinyt hehe tlasth camapzirtaiéwt is highraedtthat elbcteier is
500 or less. The | oad of inorganic carbonate (ng-CO 2/ hr) of the

car bonat o ABREGREIR: PoRWERD: T PSPPI e W b IARE T2t on

apparatus by the flow rate (L/hr). Therefore, 23 X )
PP a%)phed to celis 1S d(ecrea?s.ed. glr’o prevent formation of scale in the

cathodic compartments, the electrodic water fed into the cathodic
compartment is decreased in pH (or, the electrodic water 1s made
acidic). For this purpose the thickness of the diluting
compartment is increased to decrease pH of the water which flows
out from the concentrating compartments and then flows into the
cathodic compartment as the elecrtrode water.

The electrodeionization apparatus of the present invention is
useful for a foremost electrodeionization apparatus of the
apparatus for producing purified water in which two or more
electrodelonization apparatuses are connected in series so as to

make treatment of the feed water at plural stages. When feed

13



~ 3 M- Y 200 the load of inorganic carbonate per unit area (ng-CO~/hr-dm"')
is the product of [the inorganic carbonate concentration (ng-CO-/L) of feed
water] and [the flow rate per cell(L/hr) / the effective area of dedINAYOTQQp
t he ani on exchange nenbrane (dnR)]. By controlling the scale index SI to be
500 or less, preferably 200 or less, precipitation of scales of calcium

carbonate can be securely prevented in the concentrating conpartnent of the
el ectrodei oni zati on apparatus, thus enabling the stable operation of the

el ect rodei qpheat hawiaBRVRINELVIEY Bf1 10 S1em athdinéhiting Silide 200pph
el ectrodei oni zati on apparatus, electric current nore than the theorétical

anount requir to_di argeqi ons _ from f egd ter ;i.s, supplied .0 occur

di ssoci at i cﬁp(g%%gpe?fs ﬁﬂppﬂeﬂew%flﬁ%ugbﬁéﬁ *ﬁéﬁ@egv%&%{)&ﬂ%ﬁfh@huous| y
regenerate the ion exchanger. Therefore, increase in electric current to be
suppl i ed i rapeasEtug bf the katdsertyirmfentionphindt thdwe flows abasugh the

ani on- exchange nenbranes, facilitating the precipitation of calcium

car bonat e. ryj £ he 1parm s s . i i e val ue of
el ectric cugr%r%g)%td%(?}g{’%{%g%gmelc re gﬁé‘?%%@% %‘gir/lﬁ%%l r%faﬁg{s\?\ﬁ?l%h%%gbgl ~ccted to
produce water havin esistivity of about 10 Mg2 ~ cm the SI not exceedi ng
200, pref edipwingeutelrose ihegsagondieleg onjgomarpadatisdhasnovi ng
rate of silica is |ess 90% or when the current 24 ~ 3 r~~;r Q02

ef fici ency duetrigal résiepeitgtofegant eetr aiire thani E8/MIfQ ecenpaird _
consideration, the SI is preferably in a range between 80 and 200 to avoid

treatnment b I rat.u fte a r C extra
devi co. | n IBeadEF ERA AR AR 5t BT s lenPhadlio-Tninh 85 ke R o
removing rate of silicais 90%or nore i.e. the current efficiency during
its operat ithe thea®iical puse water.s| Sincpridtepreceding fastor |ess,
particularly 80 or less. In view of econom c consideration, the Sl is

preferably él@cﬁdd@i@ﬁiiﬁfﬁmﬁe{%?garaﬂas }&¥nolBs %‘éehgidﬁbgie,fgxﬂﬂ@h@ni zation

apparatus in which the conce ating conpartnents are filled with the ion

exchanger, ths rons perneat ed,the ani on- exchange nenbrane are easy to
nove in theé%oﬁ‘t%\M%t b A ONESEe bt ?egﬁnarngCF%%&%lealéa 1OTYi spersed. In
this case, the permssible SI is 80 or nore even preferably 80-200 when the

el ectric cappatatus infreeagfdcalthandohaspief eratiereresiovienryt of equad doior i n a
range between 80 and 150. If econom c consideration is not taken, SI |ower

than 80 is3h3e tR05%.P! The concentrating compartment of the preceding

first electrodeionization apparatus produces the acidic water and
the concentrating compartment of the succeeding
electrodeionization apparatus produces the alkaline water.

These acidic water and alkaline water may be mixed together and
be fed back to the preceding RO apparatus.

The elecirvdeionization apparatus of the present invention
may be provided with thick cells having a thickness of equal to or
more than 7 mm and thin cells having a thickness of less than 7
mm as shown in Fig.7 and Fig.8 so that the water flows through
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To lower the SI to the specific value, there are sone nethods as foll ows.
One of the nmethods is to lower the Ca''+ concentration in the concentrated
wat er by renovi ng Ca=+ by 25 ~ 3 r~~,~ 7002 lowering the recovdr§ [oAY 2002
wat er or by the use of a Ca2+ renoving device such as a softener. Another
method is to |lower the | oad on the nenbrane surface of the inorganic
carbonate by reducing the anount of the water to be treated in the

el ectrodei oni zati on apparatus or renoving inorganic carbonate by the use of

a degassin Vi i t -r oclah eRi QN

appar at us. qﬁﬁﬁe?ﬁgtﬁélﬁ&éﬁﬂgﬁ{%? Bﬁoé\gﬁrﬂr% th‘tebeF@é??{&%‘ &ngrgﬁa%egﬁégr face of

i norgani c ﬁ‘rl,bgtraatels,toc tro] the electric current of the

el ectrodei Ieddeserippanaeitne ALaWEES ect r odei oni zati on apparatus of the
present invention is operated with recovery of water 80% or nore, the

conductivity of Wjpen idatdisteanelagraim o Lo ebectrgitionpatignbe hi gh,

t hereby achi eving excellent quality of treated water. Water to be treated
havi ng C02 concentratign of 10 or. | ess yyay_be passed throu reverse
barms's apdHE e RBr ARG AT ot BT eInBrRBBIE] mrats oAt she! on
apparatus of the present invention. In the present invention, the

conduct i vi tpresenthaveatteoni adcordingdonanremdtddigentpart nents is preferable
to be equal to or nore than 50,u S/cm The interrel ationship between the

conductivity andy;be ra a3l 37854 -wgter in the
IR e il %%?@'ﬁ?f%%ﬁ%?%?ﬁ%ﬂ?gT§ﬁ?ﬁhﬁﬁlﬁ?g. | 4,
Fig.l4 shows that. the el ectrical .resistance jncreases rapidly as the
conduct i vi (RHHL ﬂswﬁéﬁ5ﬁ@@,lgyg¢dﬁh&@¥ﬁé¥lﬁi%r6e, the conductivity of at |east
50,u S/'cmis required at the outlet of the concentrating conpartments to

ensure the el ect figal3 muananiossWsectibaadondwcthowing a dieuevudd.of £/ cm
the electrical resistance would increase to raise the electric cost.

Her ei naft er LR oduci i fi wat er of the present

i nvention V%DH%SI&T@@%L??%%&‘B?P]I% % ﬁlb@mgﬁlﬁgéié%telr?%nce to Fig.1 and Fig. 2.
Fig.l and Fig.2 g{_e i nvention respectivery according to and enbodi ment. The
apparatus for pr&dgedng psystery dageamspéwnconvengionakapparatus for

producing pure.

Fig. 5 is a graph showing the interrelationship between the
applied voltage and pH of the product water observed in Example
1.

Fig. 6 1s a graph showing the measurements of the
resistivity and pH of the product water measured in Examples 2 to
5 and Comparative Examples 2 and 3.

Fig. 7 is a cross-sectional view of an electrodeionization
apparatus of the present invention according to another
embodiment.

Fig. 8 is a cross-sectional view of an electrodeionization
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provided with a RO apparatus 2, a first preceding el ectrodeioni zajijomaf 2002
appar atus 3A and a second succeedi ng el ectrodei oni zati on apparatus 3B which
are connected in series. The apparatus for producing purified water shown
in Fig.2 is provided with an activated carbon apparatus 1, RO apparatus 2,
t he precedi ng el ectrodei oni zati on apparatus 3A, and the succeedi ng

el ectrodei oni zati on apparatus 3B which are connected in series. The

precedi ng el ectrodei oni zati on apparatus 3Ais related to 27 13 f~~~h ~
2002 the prgpeatatuly efthepreyditoneceaboveacdhelingceeeensther

el ectrodei oni zati on apparatus 3B is conventional el ectrodeionization
apparatus. The tihickness of the diluting conpartnents of the succeeding

el ectrodei &Wf’gfiilm?réﬁ)par atus 3B is preferable to be smaller than that of

t he precedi ng el ectrodei oni zati on apparatus 3A and to be in the range of
2.0 to S.Omm Anfign® 1 anrexplodesk pergpettiver ooy ofia dilumngppar at us may
be that of the present invention, so that the purified water producing
appar at us V. i r xaé'ﬂJl%cEtﬁ i£i ed water producing
appar at us %@%@?#&n@c&@ﬂ@% %(%)glg?i ution. engﬁfeﬂg%'r odei oni zati on
apparatus of the _present inventian may have dil uti.ng conpartnments, each of
which is divided 18 d%alspa rantiesy showdghg RAYAFOn Hgamh%wd%d an
ion exchanger is filled in the respective cells. At |least a part of the
partition rsthetiohawilivrd tiee sehter flowskilong the) phrtitién menoborl flow
direction of the water in the diluting conpartnent. The inclined part of

exchanger 1o pasd Endrci i hgRe viney ShoPrire frEtEnle e PAEHAGEE "

flowing into the diluting conpartnent 28 1 3 r~~;~1" 2002 should flow
obliquely maembe® to the normal flow direction of water, so that the water
is dispersed overall the diluting conpartnent, thereby inproving the

contact effici en@jghamreanvatsiodatt pe@spertivangieiw aft tonventienahe
dei oni zati on property. The water Mows in the cells with being stirred by

the I nel i ned B fa bt fFtiB RFparsBula @ boundary layer of

Fig. 13 is a flow diagram of an apparatus for producing
purified water employed in Example 7.

Fig. 14 is a graph showing interrelationship between the
electrical resistance and the conductivity of the concentrated
water.

Fig. 15 is a diagram showing interrelationship between the
concentration of Na* included in the feed water to be fed into a
preceding electrodeionization apparatus and pH of the product —

water treated by the preceding electrodeionization apparatus.
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concentration along the surface of the nenbrane whereby a di spersion

resi stance of ions is |owered and the apparatus becones possibleltd M 2002
operated with a high flow velocity. In an aspect of the invention, the
apparatus has a | arge nunber of cells are arranged vertically and

| aterally. A plurality of cells are arranged al ong the nmenbrane surface
both in the normal flow direction of water and a direction perpendicular to

the normal Il ow direction, thereby extrenely inproving the contact
efficiency ket wee ter_and ipn _exch er, Since.the height of each cell
' low t npbAIeHdEsgaptitn of B altEred sTeBaRimRARINGy i o not formed
at an upper portion in the cell, and the cell is filled evenly with the ion

exchanger. The cdbéremraditennagirefarhbbebimbedmmientsraf @nting it upon the
surface of the nmenbrane is preferably a hexagon or a quadrangle. In case of

D T

Z0o0oz manner apar o he norma ow
di rection (r)f{ water. .In_case of quadrangle, the cells are preferably
arranged i egearbed fardeiallhat the respective sides thereof extend
obliquely relative to the normal |low direction of .water. Al of the cells

may be filled Whthe ehectyadeionivaichangsaratiis of theagréditediventidrois t he

cells may be filled with ion exchanger different tomthe i on exchanger

filled in th Ls. . F | ... an._ank be,filled i
b e SRR Bl SHRTRYReioAN ] GHEDRINE B Dl =
anphoteric ion exchanger (or a m xture of the anion exchanger and the
cation excifegerodvet waten hawing phithigherthan thatsotthetfeedevatier s on

apparatus nmay be installed at the succeeding stage of the purified water
produci ng a!ngftﬁaﬁﬂﬁ'e?fpﬂe'férﬁbBSBS’tab(WﬂIt.B €8. 3.0y thefesd! watef MdOns

such as Na+ | eaked fromthe preceding stage are renoved by the succeedi ng

el ectrodei onirzat i on arat us gven en. the fegd.wat ihs fed at, a high
Cate. " ter eitratsdtal PP lass A a8 SBithiat SRdiBR Skaline Agetier) be
described with reference to the attached drawings. Fig. 9 is an expl oded
per specti ve vi ellleheldctyodetonizateonrappdratus bfitthegpresar inreemtiaecor di ng
to anot her enbodi nent, and Fig. 10 is a 30 13 ~?~","" 2002
efficiently removes the weakly - 1onized species including silica
and, boron, and the hardness by increasing pH of the water in the
electrodeionization apparatus.
The electrodeionization apparatus of the present invention is
preferable to employ the following constitutions 1) and i1):
1) The diluting compartment of the electrodeionization
apparatus is preferable to have a thickness of equal to or more
than 7mm, and more preterably 8 to 30mm. The thickness of
the diluting compartments is the thickness W of the diluting

compartment 16 arranged between an anode 11 and cathode 12

in as shown Fig.3.
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front viewillustrating the water flowi ng condition of the partition
menber. The diluting conpartnent conprises a rectangular frane 120, a
partition nmenber 121, preferably having conductivity, disposed iT:%Eﬁwaﬁﬁe
| 20, an ion exchanger 123 filled in cells 122 fornmed by the parti't

menber 121, an ani on-exchange nenbrane 124 and a cati on exchange nenbrane

| 25 whi ch are di sposed to sandwich the frane 120. The partition nenber 121
may be el ectrically-conductive. The frame 120 is provided with a flow inlet
| 26 for intrpduci ARLES t I il r
concentrateéﬂmatg?g?26§% uppé?é%%?ﬁk%%?ﬁAgg%gpQgﬁaé¢#ﬁﬁb§I?#g%&%ﬁ#?et 128
for deionized water apd |1 Qqw out | et 12? for concentrated water _forned in
a | ower porti 8ROosthBrekrabiydie sxtmre o tlee sryonnexehangstand thes are
connected to the inside of the frane 120 through a notch-1ike channels

126a, 128a, reape bxehmng“éﬁfoWhe@ﬂhme ﬁﬁ@hﬂﬂgﬂ?’@ﬁd JfHdigdated to

comuni cate with only the left top cell in Fig. actually a plurality of

channel s 126a_ar i Upper..par hion of e fr 120 uni formy
di stribute thgﬁFqunpérﬁ}?eghéBe%qwggﬁ 33&{1135 (?Iﬁlr‘?e‘af iﬁet he

| ateral direction, that is, the 31 1 3 ~=~,Y 2002 channels 126a directly
comuni cat e wliluting corspartmentsomaye besfilled with sheeniutuee of theugm onl y
one channel 128a is illustrated to comunicate with only the right bottom

cell in Fig. QX?H??%%]&E}’aﬁd%Hé @th&s%aﬁ??@ﬂéd%@% #he di9iofed i n the

| ower portion o rame 120 so as to y communi cate wth the
respective bott cells.. The partition nenber 121 according to this
enbodi nent iseﬁgﬁ]éng@ﬁe%]@&% form of a hexagonal shape in which a |arge
nunber of cells are arranged in vertical and lateral directions in such a
manner that a pdihe electirddeimiizzactn cgpatiiexw lrerkinna tdeethom gonedimal
direction of the frame 120, i. in the vertical direction. The verti cal

e.
sureces. Lo Tiub e Rk ner s RBETRAR Aeat e ggeyir | o

surfaces 1 ( 0 unrform contac en water and
broduct watBe (har 5989 8. thendilshes CorRBArbAEeIaN it Alled BRSNS GRISE | on
apparatus having this diluting conpartnment is t~ same as that of the
af or enent i emetasgereis napreferseblyf indieaskd andesistivityvohtlis ggesiuct
water and makes pH thereof neutral even when the thickness of
the diluting compartment is more than 7mm. This is because the
monovalent cation including sodium ion is removed by the cation
exchanger.

The ion exchangers may be filled in the concentrating
compartments in the first, second or later electrodeionization
apparatus, whereby the voltage applied to the cells may be
decreased so that the electric power consumption decreases.

The treatment made under conditions where the

concentrating compartments are filled with the 1on exchangers
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for raw water, concentrated water, and el ectrode water are al so &qg $%n3 @f
t hose of the conventional one. 32 1 3i ;ar' 2002 As shown in HFi .Nﬂz,ﬂ
cat hode conpartnent is formed and defined by the cathode, the cathode
spacer, and the cation exchange nenbrane. Wen the deionizing operation is
conducted by passing raw water through this el ectrodei oni zati on appar at us,
the raw water introduced into the diluting conpartnent perneate the
partition menber 121 surrounding the cells 122 so as to flow into adjacent

1L, 122 SRS S G B e b

conpart nment .and ws out to the Ilow outlet 128 through the channels 128a.
Through t halmest bae same s thas updergmindiions iy haee the
el ectrodei oni zati on apparatus as the deionized water. The general direction

of water i kontendirhtirigdgofPpRAieRIts dre Aot FMeEritteainycn di rection

because the channels 126a for introducing raw water exist at the top of the

frame 120 t he channal 28a for_it.alki ng, 0 t he,dei onj ter exist at
t he bottomaeg‘%}}%?&aﬁeal%is HE ?)Bpiliebi Wﬁt}iﬁlei voltage; #eé%r |1REY ¢80 the
general direction of water exist at uppeg portions and |ower portions of

the respective diie :onexchamgertseenvay dre thewsnaxdihpege resindovetvar dly from
one cell 122 into the lower left cell 122 and the lower right cell 122.

Therefore, fhiy ¥RhBads MEiLIRS LRR! %ﬂﬁw&gﬁeﬁz%@@gcﬁaﬁgg%p}ge @Hiey to all

cells 122, y I nproving the contact e cl enc etwe water and
the ion exchanger.. In this diluting .co rtmept, since the cells 122 are
ol at | vel y CHBANEROZERRSALS HHIDACECREHIG BHOTS OTHRONBIP VeI HBRGEPS, n
each cell by the self weight of the ion exchanger and water pressure is

| ow. Ther efguradt polrgmenzatidmngethesliket conpressed in any of the cells
122, thereby preventing the ion exchanger frombeing partially conpressed

filled in the cbrren6purEbsECot profitirt e Brcifer RAKEIUI er- an
o o g By e vl B i oo g o 11
beads having uniform size. The bead-shaped ion exchange resin
represents that 90% of the beads fall within 10% of the average
bead diameter and the relative average diameter between the
anion exchange resin and the cation exchange resin is at least 0.8.
It is most preferable to operate the electrodeionization
apparatus employing aforementioned constitutions 1) and ii) in the
manner as follows.
The cells of the diluting compartments are applied with the
voltage at 1 to 50 V per cell, preferably at 6 to 50 V per cell, most
preferably at 10 to 30 V per cell. The water flows at a space

velocity (SV) of 30 to 150 per hour, preferably at SV of 50 to 100
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may be quadrangular e.g. rhonmbic just like cells 145 shown in Fig. 11. In

t he el ectrodei oni zati on apparatus of the present invention, the projected
area to the ion exchange nmenbrane of the cells is preferably 1-1Q03gwky 2002
particularly 2-50 cm', nore particularly 3-10 cnR. As the size of the
cells is reduced, the anount of the ion exchanger to be filled in one cel
is reduced so that the fluidization of the ion exchanger is restrained. In
addition, 34 1 3 M~Y 2002 the strength of the partition nenber and the
strengt h ofpéhbodir. Wihen thepgipliedtvaltagenerteaskay orowiear SV he tpoessure

| oss of the water flowng in the diluting conpartnment is increased. The ion
exchanger t,0. he filled-i s noryall n j.on hange resin, . But;the ion
exchanger %@g&qv@e@a{yﬁg@ ?&?@&dmigoﬁﬁ@&agﬂ&@ ﬁ&ﬁ%ﬁfé‘?m % c, or a
m xture of an_ion exchange resin and an ion exchange fiber. |on conductor

such as coréakt inte theiprodaictbwatep! Cpaxvensedy, wlhen thekagphedf voltage

diluting conpartnents of preceding el ectrodeionization apparatus 3A is

equal 10 OrisTRioFhigIRbr FHerPSV: i thanbi | thd Beoha0ARD! cAtioRRFFLoBNd the

t hi ckness o uting conpartnents of e succeedin

el ectrodei oni zati on apparatus 3B is in the range of 2.0 to 6. Omim the
pr ecedi ng B%EFBﬁggation apparatus 3A renoves the weakly - ionized
species including silica, boron, and the hardness, and the succeedi ng

el ectrodei oni zatWherapphistequidRd or here ridrny 8s0 9nl tleadahetingr on.  The
succeedi ng el ectrodei oni zati on apparatus 3B renoves the alkalis | eaked from

hi g aual | 1§ PRECHHEY OF EhE FlpCh-ARAR T dEioH aphet IR PGHEREY, Jor T on as

1 ~ ~."~Y 2002 apparatuys is pref(irable to contain Na+ of equal to or nore
than O | pph@@%xem raBIQ¥R@r is poor in Na+, the water is preferably
added with NaCl. To raise pH of the product water flown out of the

precedi ng el ect Miseidihitaal comarnghaétss davingeuhesdnedlds caeetdsake contain
Na+ ion. The relationship between the concentration of Na+ in the feed

water and Rijzofq Rt BIM " BlER J fn AL BiTLRif SoEpalEments.

Specifically, the rate of the thickness of the cell near the out let to
the maximum thickness of the cell is equal to or less than 0.6.

While the ion exchange membrane employed in the present
invention may be either homogeneous or heterogeneous, the rate
of leakage of Na* of the heterogeneous membrane exceeds that of
the homogeneous membrane, so that the product water is
increased in pH. Therefore, the cation membrane is preferable to
be heterogeneous. The anion membrane is preferable to be
homogeneous so as to maintain the removing rate of silica and
boron.

When the ratio of electrical resitance of the anion exchange
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shown in Fig.l5, the concentration of Nat+ is required to be equal to or
nore than 0.1 ppmas Na+, preferably in the range of 0.5 to 4 ppm as Na+.
The concentration of CO2 in the water to be fed into the preced,i ggr,.

el ectrodei oni zati on apparatus is preferable to be equal to or |eSs ”t‘\ﬁamﬂz
3ppm as C02. When the raw water contains a | arge amount of C02 which

di ssoci ates under al kaline condition, the renoving rates of silica and
boron decrease. \Wen the concentration of C02 exceeds 3ppm it is

Phe upatr cancanBENE (PenaY ol theGRiBl S OFAREE SRR APEARE Mea daL Bl [

8 or nore to form Hg)a% ‘I;h_e vvat,ir recovery rate of preceding

el ect r odei desgdthia phlaat@se@w ygregn@V@dam e to be 60 to 90% Even when
the water 36 ~ ~~ ~ z00z recovery rate of succeedi ng el ectrodeioni zation
apparatus 3B is 1ally athelthe! detPddeidmzatiailppdetushaviggi n the

range of 95 to 99% the product water of good quality’is produced W t hout
causing scalge. As t electrical ,voltage an rrent  applied to, the
pr ecedi ng @@5?%%%?&%’??9%%9@%% b‘g%ﬁl‘g‘? gﬁﬁn‘iﬁbﬁ CORLPBFtIEItSa ¢ o
treated in the preceding el ectrodei onization apparatus beconmes high.

Ther ef or e, having pridiiekaigss afol0loe20anpi ib\filledtwith hheanpkiwes of thet o t he
pi pe for discharging the treated water from precedi ng el ectrodei oni zati on

appar at us 3fngiflelehaRge WsibEntUHABS R okERaTIYE FESird fhten ( he

precedi ng el ectrodel onizat1 on appar at us val ue of pH becones

The pr oceuitiavaiaNoaEounT MIbReE Hraband Hie ArRidddlbRE s ke Nav

at arate of less than 90% and the chloride ion of nore than 95% When the

chl ori de r emi0nw 88Vepes cedl, e ichhardb¥sspl ranoves biyghoretthism p08ber abl e
that a resistivity nmeter 5 and a silica neter 6 are installed to the pipe

for di schargl uc r ts Q iNg; L G4 ion
apparat us. T RS, Gery ClolPbY R bR AU E SR A R e Mo O
silica of the water egi)gduct 37 ~ ~ raaY¥Y 200Z in the succeeding

el ect r odei cHie E@IMSYeshBY more Hmn Ho: he

The electrodeionization apparatus may have the same
structure as the conventional electrodeionization apparatus except
for the aforementioned constitutions.

The water to be fed into the electrodeionization apparatus of
the present invention is preferable to be the water containing
silica and/or boron prepared by treating the tap water, the river
water, the ground water and the like with the reverse osmosis
membrane apparatus.

The electrodeionization apparatus of the present invention
is preferably operated in such a condition that the scale index SI is
500 or less. The scale index is obtained by the following expression:
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voltage and the current applied to the apparatus 3A and /or the apparatus
3B are controlled so that the resistivity and the concentration of the
silica are in the sights. Wen the el ectrodei oni zati on appar at u]sgsMg\(\,z ﬁ?
are operated at A/(fa ~ SV) of equal to or nore than 4000, the renovi ng9

rates of the silica and the boron are increased. The "A", "Q', and "SV' are
as follows: A the operational current (A); Q the flowrate of the feed
wat er per cell in the diluting conpartnments (L/sec), where "L" is liter;

and SV: th _the [ hanger s..i he. di | uting
comar: menticAig R 1 5, 0rd §Ee BhE aleh AR HBIERNA i 2
closely related to the val ue of A/SQ~ SV). A(~ | ~ SV) of 4000 or nore
can achi eveathondte oag-e@s/hrgdmd)d: [dfaB7conce nrationta eppeentrateibr
producing purified water of the present invention may by provided with a RO
appar at us, 7 s where the perneating water passing thorough
the RO appa‘?g?‘ﬁgeﬁg ﬁ"?‘@%’%@]& and the el ectrodei oni zati on appar atus where
the water trﬁgt ed i"i@ta?ﬁ geﬁassi ng apparatus is introduced, 38 . 1 3 |~i~Y
2002 It is WAEFEH/D af 1NAEEaRIG CaEPenake ReTqURNit agPRAY mambaReessed
as CaCOs of nore than 20 ppm and pH of or nore than 6.5 is fed to the RO
appar at us, (ang-COatht bt &3, dmfollowstHaolodd$mg-302mh1) per laker? ofut from

the RO apparatus and fed into the degassi ng appar at us. is preferable

It
that the d S3i f ' r d L Rg: s and the
water to bgﬁnébg‘%&?2‘%%;@%@%@@?ﬁé’ﬁ;’&%ﬁgbﬁg@ﬁ%@ﬂ| ess than
200ppb or conductivity Qf less than 20,u S/.cm The M- alkalinity is the
feed wat er apPaRtBI®ARY " Fonggntratien incomegntnategewatar! ng water
t hereof has |ow pH The water having low pH is efficiently renmoved in C02

by the degagsicemteReRR{tonveptdd8d CHE R der £1o6 erardZ Aoveimeapaarcttlfe can
be reduced in the | oad of C02. | oaded thereon. The ability to renove C02

can be |npr%\#3:%\ﬂt%¥ﬁ§]([)qé%@§%b eqgassing the water which is decreased in

pH bytreatq S in conparison with the case where the

water is degassed be ~~ a the treatnent with the RO apparatus. Particularly
when the nenbrane degassi ng apparatus is enployed for~he degassi ng
appar atus, t he degassi ng appar at us concentration flow rate of feed
of COzinfeed | .| waterina
of inorganic carbonate =
(mg-COz/hr-dm?2)

area of anion exchange
membrane(dm?)

The inventors of this invention conducted experiments for
making clear the forming mechanism of scales in the
electrodeionization apparatus. In the experiments, scales were
intentionally formed by mixing excessive amounts of inorganic
carbononate and Ca2* in feed water to the electrodeionization
apparatus. After that, the apparatus was disassembled and the
concentrating compartment was observed. As a result, it was
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arranged behind the RO apparatus can stabilize the ability to 39 1 3 raAy
2002 degas for a long period of tinme. This is because the RO appaf & wRy 2007
renoves salts and TOC (total organic carbon), so that a sline defects
caused by the salts and the TOC are avoided. It is preferable that the feed
water into the nmenbrane degassi ng apparatus has the TOC concentration of

| ess than 200ppb, and/or the electric conductivity of 20,u S/cmin order to
prevent the nenbrane from contam nation and to stabilize the degassing

i schar gea Banth %P Eh)ATm CRUGURE afEisTedto tE ANORERERNRS %) | ¢

distributed and fed intqQ the electrodic conpartnent 3Aa, the diluting
conpar t nentBearprane alothe congentyating eompartanend silet he precedi ng
el ectrodei oni zati on apparatus 3A respectively. The product water of the

preceding ol eot 1 arekariAaly ShERRTEALYES Bhokilbfodatnl: EhowbRmipw from the

diluting conpartnents 3 is distributed and fed into the electrodic
conmpartment 3 the dipluting co t men 3Bb and the concentrating
conpart rrentrgegﬁén&n% ﬂtsgﬂﬁg’dﬁs{%’a}i@w& hﬁ&%ﬁﬁ’n Wg]ﬁrbﬁhﬁppar atus 3B
respectively. The water flowing out fromthe diluting conpartnents 3Bb is

di schar ged edsctrivelepontzationeapparates watnropération, pH reamat sierfalcecof odi ¢
conpartnments 3Aa and 3Ba 40 ,13t ~~"~ ~~~~is discharged as the drain.

The, concenha! ShidffERCHAM M ttird O TLARy ANGRAE A TR BRI S 3A°

of the precedi oni zat1 on appara I's acl e
concentr at ﬁg\é\ﬁlt_er é:{g&ng out fromthe concentrating conpartnents 3Bc of

t he succee | H i RRNRLAtHAE ARIQR-eXchange apphranpdrenbre, |t
is preferable that the concentrated water flow ng out fromthe

concent r at ithg ¢idupRig toni padAe catdaRBeoncentirxesd arshyr cheigdnio the inl et

portion of the RO apparatus 2. The concentrated water of either preceding
appar at us. SACREyREnRRRELAE R o RE S Do ReAF L B U2 ot The o
apparatus 2. The concentrated water of _the succeedi ng el ectrqdei onization
appar at us 8sngaptpatingjcompartment is drawn or drivento the anion-

exchange membrane, so that CO32” or HCO3™ and OH"™ react with

Ca?* to form scales of calcium carbonate on the anion-exchange

membrane.

The inventors further studied and found that no scale forms
when the scale index SI obtained by multiplying the load per unit
area of inorganic carbonate of the anion-exchange membrane by
the Ca2* concentration in concentrated water is 500 or less.

The load of inorganic carbonate (mg-CO o/hr) of the
electrodeionization apparatus is obtained by multiplying the
inorganic carbonate concentration (mg-COs2/L) of water fed to the

electrodeionization apparatus by the flow rate (L/hr). Therefore,
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back to the inlet portion of the preceding el ectrodeionization apparatus

3A. Wiile the el ectrodeionization apparatus shown in Fig.1l and Fi 9'723hﬁ/-§‘)’

one el ect ~odei oni zati on apparatus 3B, the el ectrodeionization apparatu 2002
may be provided with two or nore el ectrodei oni zati on apparatuses 3B whi ch
are connected in series. As shown in Fig.7 and Fig.B, cells 23 of nore than
7mMmin 41 1 3 P~aY 2002 the thickness of diluting conpartnents and cells
24 of less than 7mmin the thickness of the diluting conpartnents nay be

arranged beheeRhdBf #08EaRic arbshAte D udnfl areaaliede FAhsodhiMtist he fed

water flows through these cells in series. The el ectrodei oni zati on
appar at us the prese i nvention.is ef er,abl y operated so t

concent rat 1ty BrodiEF BE Tthe {RBtuBhic RaPhpod Gdn bRt SR e COM LR e
concentrating conpartnents of the second or |ater el ectrodeionization

appar at us icf feedswaten] and [theulewdraterpsraelhilghraé theaffettiveeamwandiiced
wat er of the el ectrodeionization apparatus. In order to | ower the

concentrati L f d&c&g o0, 1 ppb or less, the
concentr at iﬁlsg{)f@%igfcigogfe%ﬁga@gﬁcentrg?%?%r\/\g%%r ‘s preferable to be
decreased to 100ppb or | ess. en the el ectrQdei pni zati on apparatus is
operated in thi s%&ﬁﬁ@ﬂgﬁl%mh‘éﬁ rﬂé’éfﬂ)? (iiUthr é}?ﬁe@ﬁ, silica from
the concentrating conpartnments to the diluting conpartnents is relatively

| ow even i prdferabbt 200yoeledd)prdipdiatedntdtes@desaitt ¢alcivem earpankent s,
t he diu~asion of silica fromthe concentrating conpartnents to the diluting

or oduced weipt bp SERRHEL e aRhd I URKPRREDER PRME Lollpd Bl g

produci ng 42 1 3.r'i~Y 2002 purified water rrhag be composed of a RO
appar at us, ede¢tnogielenizationsapparatusnthypanablingnthe stablmaperation
el ectrodei oni zati on apparatus so that the water firstly flows froma

reverse osygghe sRERredeIGHRALRI N apptitefdy AdbmePparrRidief et hen f1ows

into the second el ectrodeioni zation apparatus wherein the reverse osnpsis

AR TR L R e I RO
than the theoretical amount required to discharge ions from feed
water is supplied to occur dissociation of water in the diluting
compartments so as to continuously regenerate the ion exchanger.
Therefore, increase in electric current to be supplied increases the
alkalinity of the pH at the surfaces of anion-exchange membranes,
facilitating the precipitation of calcium carbonate. Accordingly,
the permissible SI varies according to the value of electric current.

In the electrodeionization apparatus which is directed to

produce water having resistivity of about 10 MQ-cm, the SI not
exceeding 200, preferably not exceeding 150, is enough, when the

required removing rate of silica is less 90% or when the current
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Hereinafter, "the degree of desalination of nonovalent salts" wll be
sinply called as "the degree of the desalination". As shown in Fid.3 #AY 2002
menti oned above, the electrical resistance rapidly increases as the
conductivity of the concentrated water of the el ectrodei oni zati on apparat us
falls below 50,u S/cm The conductivity of nore than 50 ,c.c S/cm
preferably nore than 75,u S/cmreduces the electrical resistance and
sufficiently ensures the electrical current required for deionization in

the el ectr i Oni.Zatq r : o ' i.al water
havi ng the%ﬁ%@%ﬂﬂ@n@?ﬁgbﬁ%%@w §'b?€'dﬂg h%wfﬁ%bﬁ@ig%facr at us
installed with the RO rrer{blélgie havi ng Eg_degree of, desalination_of 97%
and the wat@nsiderabgibd nsvpreierabtpin g rangesbetwenn 4@ and 200
2002 conductivity of the water perneated through the RO nenbrane is defined

as fol | ows.to £001l eFéxtrherd by Redwehssime appriratad i softendP, mmitdorne) _
(200 + 800) / 2(1 - 0.97)=I5,uS/cmWen the el ectrodei oni zati on appar at us

is operated at, t wat er recovery of 80 % by feeding the above water
per neat ed tsr‘%‘ghalﬂﬁ?ﬁ@x%@n‘z%rcgne, the conductivity of the cocentrated

water is 15 X 5=75,u S/cm Wile the conductivity of the concentrated water
vari es dependi ng Iencase of @ldctradaionizdtioneapparatusintwhiehftde i nto the RO
apparatus, the water recovery of the el ectrodei oni zati on apparatus, by

enpl oyi ng %ﬂ?ﬁﬂ%@%’ngzﬁﬁ%f SRl 99"/6’61‘%%2%3(‘% %lﬁ@ cPirréfyal to or

| ess than e concent wat er can be provi the conductivity

of roughly 75, u S/cmor. nore in operat.i | oyi ng,t he usual ra ter and
the usual 1eTGY GUBAPEAS ADRYAHOR P A0 1655 the ‘ShisRaeferabhels

el ectrodei oni zati on apparatus. In the present inventi~~i, it is very

i mpor t ant tk20 eedebbeppetivedhirhy 8Gbeleshitlai veswhof ¢codinig the feed water
by RO nenbrane having realtively | ow degree of desalination into the

by RO | . gr
N 1 2002 WERGOREREREE (PG IS sARCRARYY s BorkathRICER 868 d2a. | 0

t he concentrati n% corrpartmi\nts Qne, and the results prevent
n case of electrodeionization apparatus in which the

concentrating compartments are filled with the ion exchanger, the
OH ions perrpeated the anion-exchange membrane are easy to
move in the concentrating compartment, so that the scale is
dispersed. In this case, the permissible SI is 80 or more even
preferably 80-200 when the electric current is increased. The more
preferable SI in this case is in a range between 80 and 150. If
economic consideration is not taken, SI lower than 80 is also
permissible.

To lower the SI to the specific value, there are some
methods as follows. One of the methods is to lower the Ca2*

concentration in the concentrated water by removing Ca2* by
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decrease of the electrical resistance and inprovenment of the el ecfnigay 2002
current. Furthernore, the RO nenbrane preferably has the renoval rate of
the hardness and silica of equal to or nore than 97% That is, the hardness
such as by Ca '+ and silica easily formscales in the el ectrodeionization
apparatus and require the appreciably electrical current to renove the

scal es. Therefore, the hardness and silica are preferably renoved in the RO
apparatus preceding the el ectrodei oni zati on apparatus, so that the RO

menbrane hjywegihdeheera@lersab e woitdmer har the ssseadflasChi caenfovimie t han

97%is preferable to be enployed. The RO nenbrane nenti oned above nmay be
commercial ly Baled ene, 1t be prepared by bei.ng tyeated, Wit h oxidizer
co that t ndtasensias deeliheth AnGRREr rethotiSdo R FhEUbYA Sh
desalination of equal to or less than 97% and the renoval rate of silica of

equal to othsumennbzane surfacelof the ipoeganic cavbanase by weducing the
el ectrodei oni zati on apparatus is preferably provided with the diluting

: i . : - di Tuting
;oL T O the NAteIcRy bl ueied MEPRD dRLBIdIBAIPOR nich rao

and the like remains is fed into the electrodeion;fation appar at us wherein
the dil uti RPRESATAES: RO ASH NOrganeCcarherate by thapse-0r 8 enpl oyed and
wherein the ion exchange |ayer conprising the anion exchanger al one or

m xture of debasgimgrlevicsahgposadat ipstacann oftbeasigetrodeiodizadiom t he
di luting conmpartnents, the conductivity of the product water (deionized

car bon a oaPRe g, At pl SR Foerihbdle loadbtEmedtars 2 ng

boron are al sqQ rempved. Besi des, the hardness including Ca2+, M2+ is
further refbvEace pbwaoegani; sasbonategsdesantral dheopteatitg carrentef, K+
are inferior in the renoval rate so that the alkalis including NaOH and KOH

whi ch havethardect®ddiop@ndtion dppuratest o be | eaked into the product
wat er, and.the product water tends to be increased in pH and slightly in

i schar ged and rs i 3SRGRRI0H 25 BRTER AP APRE of ShecRePithhg ‘cel 1 5, ot

becomes acidic therein so that the scale is not fornmed even when Ca '+,

| VI g~+ andinvientiorri:pperated witdt secevery gh watered0laoiranore, the
conductivity of water in the concentrating compartment should be
high, thereby achieving excellent quality of treated water.

Water to be treated having CO2 concentration of 10 ppm or
less may be passed through a reverse osmosis apparatus before
being introduced into the electrodeionization apparatus of the
present invention.

In the present invention, the conductivity of the water in tie
concentrating compartments is preferable to be equal to or more

than 50 1t S/cm. The interrelationship between the conductivity

and the elecrical resistance of the concentrated water in the
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46 7 ~ ~r.~Y 2002 Specifically, in order to decrease the electrical
resistant and to increase the electrical current of the el ectrode'i 9r1i15‘f1t208?
apparatus , the el ectrodeionization apparatus is increased in the
conductivity of the concentrated water by enploying the RO nenbrane having
t he degree of desalination of nonoval ent salts represented by NaCl of equal
to or less than 97 %to | eak the nonovalent salts into the RO perneating
water so that the perneated water is fed into the diluting conpartnents of

the el ectr MO h.?i% mﬁ?' : f i i of RO
menbr ane e%ggéé%?(%e%q t %Bg?é oﬁéﬁrrg%%ll\{%ﬁgdé e g??f Fggglo%dggfl i42$téar)1 Iy

achi eved. ile the degree of .desalination of the menbrane .is preferable
to be | ow fthatithe glagsea esm&a@a@ilngreaée%6amdgroaﬁtf51b%pondélctmty
concentrated water of the el ectrodeionization apparatus so as to decrease

the el ectrifgHk beloive 5@ S/antl Thelrofim eHdeontdeetivieplofat It 50 (1 he

el ectrodei oni zati on apparatus, when the degree of desalination is unduly
decr eased, r f..the - i.s. sl | d, rather. the |oad on
t he el ect r§4§ﬁbﬁ§§8§§3ﬁe‘iﬁﬁa‘{]&‘% By%réﬁ’ggbssc%@m@@b‘?g 88&?8@5?%?%‘ t he
quality of the feed water so that the product water (deionized water) is

degr aded i foiensugathe\elettrical snererd mWhembtheconduetixityyis belawe t he
47 1 ~~"~"~ 2002 degree of desalination especially of 90 to 95 % The

RO menbr anggag §/Rf gy glé@)f'i é’éﬁs@aﬁ%ﬂ%ﬁgﬁg?% gﬁFPQaé@%Bex{a‘ége ow

desal i nati on ‘nenbrane, for exanple a ne ed as a | oose menbr ane
and a nano 5 fi I.tratjcon (NF menbrane) nenbrane, specifically, "LES 90" and
"NTR 729HFeleftdd6€88t by Nitto Electrical Industry Co., Ltd. In the present
invention, the RO nenbrane is also preferably to have the renoval rate of

t he hardness anflesidinafterdie apphentbisyforesratbscirige puanfied waber sifl i ca,
nore preferably besides the renpval rate of TOC (total organic carbon) of

o 1 PP T ol ISR ShEEAVS N el pRcaniry o v
S eSOk Ao e A DDA T R S4Bkt L ool e 0 e
according to and embodiment.
The apparatus for producing purified water shown in Fig.1 is
provided with a RO apparatus 2, a first preceding
electrodeionization apparatus 3A and a second succeeding
electrodeionization apparatus 3B which are connected in series.
The apparatus for producing purified water shown in Fig.2 is
provided with an activated carbon apparatus 1, RO apparatus 2,
the preceding electrodeionization apparatus 3A, and the
succeeding electrodeionization apparatus 3B which are connected

In series.

The preceding electrodeionization apparatus 3A is related to
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t hi ckness of equal to or nore than 7mm particularly of 8 to 30nm The ion
exchanger is nost preferable to be a mixture of the a~lion exchanger and
the cation exchanger. Wien the applied current is increased, a jiyqjli{@, Izﬁgzer
conprising the anion exchanger al one can being the same effect as”tHe

m xture. O course, a conbination of the m xture and the ani on exchanger
may 48 1 ;~1t 1riY 2002 be enployed. In the present invention, an
ultraviolet - light irradiating apparatus nay be installed between

el ectr odei ahiezprésempppeeatitiesnéntderalrpadeyelOC in the water. Wen the
product water of the preceding el ectrodeionization apparatus is al kali ne,

the ul traviol et | ight inrradi ati arat us _deconpose THG .at hi gh
ef ficiency. We?%@&%&gﬁd&gﬂ?ﬁﬁ%ﬁ 15%%%8 é\/?‘RQa&”B‘%b‘é dfion of 2 to 20
times as high as the concentration of TOC in the water is added into the

product watcemvertaonad iedeetrodednizatiopoappavatits. flva tlercknessafthe I n the
present invention, a first RO apparatus nay be installed before the

precedi ng ghfﬁfﬁ%dtegﬂmmxhgmgm §ﬁgcé’é‘&irgga%%@ﬂ}%d%§bﬁ%iéhus may be

i nstal |l ed betwee e preceding el ectrodeloni zation apparatus and the
succeedi ng el ectrodejoni zati Qn paratus. By using the pparatus, silica
and bor on &@%&tu@éﬂ}ﬁmsa{)&rﬁiﬂﬁw&%ﬁmﬁ% it thaba 18 REecedins
product water flow ifg out fromthe precedi ng el ectrodei oni zati on appar at us

i s al kal i nelectiheldioadzitionahpphiratiis SAding thaidinttie sangodb R agpar at us
easily renmoves silica and boron fromthe product water. For exanple, in the
appar at us cqomﬁlsi ng the first RO 49 1 3 ~"1~Y 2002 apparatus, the
precedi ng el'éctraodei oni zati on apparatus, the second RO apparatus and the
succeedi ng el ectrodei oni zati on apparatus which are arranged in this order
and connect ed i AR¥ss0f fhesugceedangrelecbipdeionzation appegaduranay
apparatus has pH of 7, the second RO apparatus renoves 99% of silica and

70% of bor ¢je that B¢ thet sreséieinvértivat, &jo thavithe parifiédevagaond RO

apparatus has pH of 9, the second RO apparatus renpoves 99.9% of silica and

97% of bor oo dulkihBa BBRRARLS HerdMRES b Wat 8% RigRH SN rate and the
purified water producing apparatus becomes compact in its
constitution.

The electrodeionization apparatus of the present invention

may have diluting compartments, each of which is divided into a
plurality of cells by a partition member, and an ion exchanger is
filled in the respective cells. At least a part of the partition
member facing the cell is inclined relative to a normal flow
direction of the water in the diluting compartment. The inclined
part of the partition member allows permeation of the water, but
prevents the ion exchanger to pass therethrough. Therefore, at

least a part of the water flowing into the diluting compartment
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el ectrodei oni zati on apparatus and the succeedi ng el ectrodei oni zati on

appar atus which are connected in series, when water containing1sgumgajmmza
hi gh concentration is fed into the apparatus nonentarily, silica

accunul ates and the renoval rate of silica nmay decrease even after the
silica content of the feed water decreases down to usual. Therefore, the
feed water fed into the preceding el ectrodei oni zati on apparatus may be
regularly added with salts including NaCl so that silica accumulated in the

el ect r oel ei gpi,aat 4 t - ) [ : : ' t he
salts as al)s’g{\;j(at,ﬂ ﬂa{] ﬁ’eggpﬁo&%éyg‘fe q?ﬁle\} efs%(ﬂtg\%}?%ﬁrﬁ%éﬂ%qniel%? ghal?s/?fl%@’ and
(iii) is preferable to be achjeved for 5 tg 48 hgurs: 50 13 ~il",1
20UZ (i) T@%@ﬂat khecyateris dispessed myeradhthadilutingramparigngndcedi ng
el ectrodei oni zati on apparatus for nore than 15,u S/cm (ii) To set the

concent r at ithierebyNanpirofiRd thiRecont it &ffdovenay héowbba wageednd ion
el ectrodei oni zati on apparatus for nore than 3ppm and (iii) To set pH of

t he product ter flow out precedi ng. el ect.rodeioni zati on apparatus for
nmore than &*§ rbgq%ayﬂg&gpggvigg eea%fowtil%&mé?eft%yonshi p between pH
values of the feed water fed into the preceding el ectrodei oni zation

appar at us and t heThesaterfowrs in dhiengelbsitwit e stheedibyprthe t is
further effective heat the feed water fed into the el ectrodei oni zati on

apparat us t ebﬁfe% a%gia S&h i i NaCl to the
feed water .lﬁlcm{eﬁlebggﬂegitﬁ ona Iﬁg%éégroo eléjtr}ie%at I g%@g%ﬁgi%g slinme is
frequently formed whereby the diffegential, pressure of the concentrating
compar { nenCoNCEREFALT, AloRg theneusiaseof the et heangovherehysas

el ectrodei oni zati on apparatus of the present invention, the concentr ated

wat er of t kiaspeesedi pgstanceafaions walowerepparchthe dgsaretusbedomeand t he
concentrated water of the succeeding el ectrodeionization 51 ? 3 ~Y 20Q2

ter of ing el n 51?23 - Y2
Formoa i n ES T, B PECOPREARH w7 AHBIH0Y ERY i X ront ne operat i on,

when the feed water including 1(1')1, 000 of .
n an aspect of the invention, the apparatus has a large

number of cells are arranged vertically and laterally. A plurality of
cells are arranged along the membrane surface both in the normal
flow direction of water and a direction perpendicular to the normal
flow direction, thereby extremely improving the contact efficiency
between water and ion exchanger. Since the height of each cell is
low, the ion exchanger is scarcely compressed. A vacancy is not
formed at an upper portion in the cell, and the cell is filled evenly
with the ion exchanger.

The configuration of each cell seen by projecting it upon the
surface of the membrane is preferably a hexagon or a quadrangle.

In case of the hexagon, the cells are preferably arranged in such a
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living bacteria per mlli liter is fed into the precedi ng
el ectrodei oni zati on apparatus, the concentrated water of the prei i g%
el ectrodei oni zati on apparatus is decreased in nunber of the livi tg tgpqza

to 100 per mlliliter and the concentrated water of the succeeding
el ectrodei oni zati on apparatus is decreased in nunber of the |iving bacteria
to O per mlliliter. To raise the renoval rate of silica, the alkaline

chem cals nay be added into the water between the first and second stages

or the inl ghahdrthat hspait 8081ddsy tRevbeNeRtt R inhehavaicain hb ey

sufficiently increased at the first stage, the treatnent with the second or
| at er el ecty.odei.oni zati gn_appar at us,i nproves .t he,re al _rate of silica.
The feed vaHESCHOR ThvateRaLR vae of QUPTaE Ther IS apartaierpbly
preferable to have pH of equal to or nore than 9.5 in order to efficiently

renove t he amrakiged in snichea mpenieasthat thei reppedtive sadds khersoby t he
second or |ater el ectrodeionization apparatus. Al though the renoval rate of

silicais en t: r [

el ectrodei (%%%%i;{g %?nhggggfgﬁs tJ ﬁﬂg @ﬁ“%‘m&‘ﬁg‘gﬁgﬁﬁé‘%n 8?8?%%% removal
rate of silica i 29. 9°ov\,hei the fee wa(ger, Le into the secondary

el ectrodei oni zat Ogﬁ rGRILS Dhak Qﬂ—!fdj&e vgthithe fame tonexenangey, or

el ectrodei oni zati on apparatus, the Ca2+ concentration in the feed water is

pref er abl e ihstdied eherbof goie lofthet telis Inpphe fiied pwitheiabegchareequal

to or less than 5ppb as Ca~+ since the water flowng in the concentrating

arer o cctoiats phitgafl ERCAERLExCRTRRRR Tk D MEReRT ol R8T 0 Sl

of CaCGCs in the concentrating conpartnments and the el ectrodi c conpartnent.
Ther ef or e, egample,sanapiorncexchangeremaebedilleddrs first cellsga caagmpl es and
Conpar ati ve Exanples The foll ow ng shows the apparatuses used in Exanpl es

and Conpar aticharfpe™ Rl 85 be! filledeikesond@]Es,an8d GrranpHoterkxas®! es 1 to

3, the apparatuses are arranged as shown in Fig.4t 0 be connecte~in series.
are arr angEdCHETERIY A ThIghee B HBSARREL paa v ey ped TS SaERRf L e
carbon apparatus 53

exchanger) may be filled in third cells.

This electrodeionization apparatus may be installed at the
succeeding stage of the purified water producing apparatus of the
present invention, whereby monovalent cations such as Na* leaked
from the preceding stage are removed by the succeeding
electrodeionization apparatus even when the feed water is fed at a
high rate.

Hereinafter, other embodiments of the present invention
will be described with reference to the attached drawings. Fig. 9is
an exploded perspective view showing the structure of a diluting

compartment according to another embodiment, and Fig. 10 1s a
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7 3 ~ ~; ~Y 2002 "Kuricoal KW10-30" produced by Kurita Water Industries
Ltd. 2) RO apparatus "Muku-Ace KN 200" produced by Kurita Water Industries
Lt.d. 3) Electrodeionization apparatus "Pure-Ace PA-200" producgdupy jﬁﬁél ta
Water Industries Ltd. flowrate of product ; 100 liters per hour
Conparative Exanple 1 An el ectrodeioni zation apparatus is assenbled as
shown in Fig.3 in which the follow ng i on exchange nenbranes are enpl oyed
and the diluting conpartnents are filled with m xture of 6 parts by vol une

of the T ol lpuh0g;a0) AMSKSNANBIHEN b Mo B LonBHti¥Al IO D io

foll owi ng catron exchange Tés he ani on exchange resin and the cation
exchange resin are sufficiently washed by ultra pure water before being
filled in AETRAPEL | ng conpartnments. Each of the diluting conpartnents has
a thickness of 2.5 mm-.nd consists of 12 cells. The water is fed into the

el ectrodei oni zat 'fije @iMi@igJéomrpmrtm@ﬂdiddeﬁ@% 8 h@mnah%nﬂablfeame The
e

resistivity of the product water, the concentration and t renoval rate of
silica, bor and 54. .1 3 f i~V 02_the etyhar _iaqns ar asyred and
Fesul s ard Shodattitign Bembar AL ReriTsP ey B OaEEERYa AT A -
produced by Tokuyama Co,. Ltd Cation exchange menbr ane : "hbosefta CcvB"

produced byliSpkegdmm the frame 1260, @an om mgenl2Iefitled woaellsr b%ced by
M t subi shi Chem cal Corporation. Anion exchange nenbrane "SK 1B" produced

by Mt subi i lipcehe GARAR BRmBERTDL . AnAinfliRtledgipnesl zat i on

apparatus is asse conduct the treatnent 1 n the sanme” manner as
conparative ex | e 1 except that. each of the dilytin tqents has

t hi-ckness dnemaggﬂns 4:6‘%4 §t%aatéfmt¢??"eléaegﬁl@?1% Hapgef%%ﬁlqr}g@@d under
conditions as shown in Table 1. The resistivity of the product water, the
concent r at elispodeti® sandwalchr e firdmss 1R0a The partaiontinembeerl2bns are

shown Tabl e 1.
may be electrically-conductive.

The frame 120 is provided with a flow inlet 126 for
introducing raw water to be treated and a flow inlet 127 for
concentrated water in an upper portion thereof and with a flow
outlet 128 for deionized water and a flow outlet 129 for
concentrated water formed in a lower portion thereof. The flow
inlet 126 and the flow outlet 128 are connected to the inside of the
frame 120 through a notch-like channels 126a, 128a, respectively.

Though only one channel 126a is illustrated to
communicate with only the left top ¢éll in Fig. 9, actually a
plurality of channels 126a are formed in the upper portion of the

frame 120 to uniformly distribute the raw water into the

respective top cells aligned in the lateral direction, that is, the
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Further the var~tion in pHwth the applied voltage is shown in Fig.5. The
C02 concentratr on of the feed water and the CO- concentration of the water
treated by the preceding 55 1 3 Pi Aa ~~~~7?c el ectrodei oni zayipmgppgpat us
3A are nmeasured to calculate the renoval rate. When the CO~ concentration
of the feed water is | ppm the renoval rate is 90% and when the CO-
concentration of the feed water is 4ppm the renoval rate is 60% or |ess.
In Exanple 1, by enploying the heterogeneous nenbrane for the ion exchange

menbr ane, Vi r

i ncreases f?%r#@é@ %(gg@cgér w’% Ig%ﬁﬁ%%%%%{t;lpfﬁabl eb%c'ﬂﬂr@%ﬁcﬁﬁs
Conparativ npl e 1Exarrp| e lnunber, of cells kness, of dil yting
conpart nenflq $aLNeINABNGL: @m%@mmmsh@a@ Fo8acsrTurrated

[ A] 0. 82wat er recovery [ 2% 9090SV in concentrating conpartnment [hr 1] 6060pH
of feed Watt@rcdmhfﬁmwtnhldrylymfhé@ whbetomn celd 1A Eid. 1918t wally ca

concentration of feed water [ppb as Si 02] 200200~, boron concentration of

Nl chi or | BUCRBHER SR éﬁ%ﬁi@?%ﬂ@?azﬁﬁgﬁééﬁ%é?@f%ﬁ%@i niffolihe PP

concentration 50 500f feed water [ppb as Ca] pH of product water [-]7 (pure
wat er) 9. 5r dsame 120yseaspioodieac bl com pangicatecwiitls the. nespectave
concentration 52 18. a;of product water [ppb as Si02]renoval rate of silica
[ 94 7491bor gypteencesflsat i on of product water [ppb as B] 5.22. 5orenpval rate
of boron [% 72. 687. 5sodi um concentrati on of product wat er [ ppb as

Na] 0. 2860~' chl or i on,.concentra prodyct water. [ .

G 120" 1100al oi anldinpaRtHacngRember ko Aeatdae B idisighbodiment is, o
3 MAY 20~ Exanples 2 to 5, Conpar atr ve Exanpl es 2, 3 El ectrodei oni zati on

appar at usesnaa hoammhbcfoirm tofen haxagomaleshape dnnwé]iahia/éafgarrpl e 1
except that the diluting

number of cells are arranged in vertical and lateral directions in

such a manner that a pair of sides of each cell 122 extend in the
longitudinal direction of the frame 120, i.e. in the vertical direction.
The vertical surfaces 131 may be permeable or not permeable to
water.

When the vertical surfaces 131 are not permeable to water,
uniform contact between water and the ion exchanger in the cells
can be achieved so that the quality of product water is improved.

The other structure of the electrodeionization apparatus
having this diluting compartment is the same as that of the
aforementioned conventional one of Fig. 12 and the flow passages
for raw water, concentrated water, and electrode water are also

the same as those of the conventional one.
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1}

treated under the sane conditions as Conparative Exanple 1 except that the
water is fed at SV of 60 per hour, and the electric voltage as the current
efficiency falls in the range of 10 to 20% The resistivity and pH of the
product water are shown in Fiig.6. Conparative Exanple 2 : 2.5mm
Conparative Exanple 3 : 5.0 nmExanple 2 : 7.0 mm Exanple 3 : 10.0 nmm
Exanple 4 : 15 mm Exanple 5 : 30 nm Exanple 6 As shown in Fig.2, the
activated carbon I :

APBALGHNSn Flégl,az,?%%%&é Héglg%ﬁ‘lftﬂn%ﬂfﬁ is formed and

el ectrodei oni zati on appar at us are arran s order

connected | eries erei.n the precedi ng el ectrodei ponjzati gn apparatus 3A
is the sané{]‘-‘éf%éﬁbﬁ\gﬁﬁrﬁafgﬂ%m t&@%&@@@em%@r@@hetwlm uting 58 -~
3 ~~AY Z~~~ conpartnents having a thickness of | Omas Exanple 1 and the

succeedi ng exicketnigsenenilain®n apparatus 3B is the sanme el ectrodeioni zation
apparatus provided with the diluting conpartnents having thickness of 2.5mm

as Conparative | e Then. the feed water is fed into the.apparatus
inder bondi t1 ons aueeh Hif dH iz obSEAtITLTS chhdited b ki AR
(flowing out tomthe el ectrodeionization apparatuses 3A, 3B respectively)
are shown iwateabthroughntlasxelectrodeionization apparatus, the raw water

pr ecedi ngsucceedi ngel ectrodei oni zati onel ect rodei oni zat i onappar at us

3Aappar at u ; : L 1 | :
conpart rrentqni %}«’) . ei eé?&?gﬁﬁoﬁ%lggleﬁ%\%/\?%ﬂgggel ect iai%gﬁ%:%%eeﬁltlétﬁﬁ%mﬁper
0 ] N co
water [ STeRber 120 utrovediie theledlle e vo antadiowpstcdiatest [ppp
as Si 02] boron concentration 2.5 <0.050f product water ppb as B
cells 122 and thus gradually flows downwardly. During this, the

compartnments of those respectively have thickness as follows. The \A@t3e|;.«;;.i,:szggz

water is deionized. Finally, the water reaches the bottom of the
diluting compartment and flows out to the flow outlet 128 through
the channels 128a. Through the flow outlet 128, the water is took
out from the electrodeionization apparatus as the deionized water.
The general direction of water in the diluting compartment
i1s a downward vertical direction because the channels 126a for
introducing raw water exist at the top of the frame 120 and the
channels 128a for taking out the deionized water exist at the
bottom of the frame 120. The partition 121 is inclined relative to
the general direction of water exist at upper portions and lower
portions of the respective cells, so that the water flows obliquely
and downwardly from one cell 122 into the lower left cell 122 and

the lower right cell 122. Therefore, the water flows substantially
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The results show the follow ngs: As shown in Table 1, the

el ectrodei oni zation apparatus of 59 1 3 C~~Y 20~~ Exanple 1 provi detiAw binp
the diluting conpartnments having a thickness of |Om slightly exceeds the
el ectrodei oni zati on apparatus of Conparative Exanple 1 provided with the

di luting conpartnments having a thickness of 2.5mmin the renoval rate of
silica and boron. Calciumis alnost entirely renoved. As shown in Fig.S, in
t he el ectrodei oni zati on apparatus provided with the diluting conpartnents
havi ng a thi 201 '+H

appl i ed voﬁ%lggg??ﬂ r eoakslgts%.B llg wﬁd&n@ﬁ”ﬁ%ﬂ@%o\ggﬁgh@ ?E?@Eﬁggsef%?{ét}ﬁg
diluting cqnpart meni)z} exceedsmé the resistivity of the product water

det eri or at 2EtWEeRtHe WaAteT angd theo @it XGRAREEL n t he precedi ng

el ectrodei oni zati on apparatus 3A, the cells are applied with the voltage at

8V per cell, andInthizeddutigedongpakeeiorageinoeadid oellapiRR alres 3B the
cells are applied with the voltage at 3V per cell. Wen the conventi onal

el ectrodei Qniyzat | r S e t el t he preceding

el ectrodei g%lég]tt‘}legﬁ Siﬁ%@r iﬁs‘?é@‘iaﬁw%ﬁq{rﬁ gﬁgﬁ%i f%&i‘eo’lr?’%v and t hose
of the succeeding el ectrodei oni.zation apparaas are applied with the vol tage
of 4.5V. Tapichangenws eacht celdy the self sveights of the yonresckangeartard

el ectrodei oni zati on apparatus provided with the diluting 60 ~ 3 ~~~Y zooz

compar t neniwabel bResdutdis 168 TREr 079 3AE {oPaxtRAnCOId Bt

el ectrodei oni zation apparatus provided with the diluti'ng conpartnents

havi ng a thickness of .2. 5nm .t he conc t.ion,of silica.and,boron is
e od t o CORDPEEasEd i ABFERe SIS IS EREHRbY RECHPOIIRE THa M of ver y
good quality (pH 7 and the resistivity of 18.21VI ~ ~ cn) can be contai ned.
Exanpl e 7 Exelmngdr fromabemgp padtizliy copppressed sitaiire lowergortionsof
assenbl ed. The succeedi ng el ectrodei oni zati on apparatus relates to the

present inygptiosWwWhich is provided with the cells having honeyconb
structure in the diluting conpartnents. The product water flown out of the

Preceding el ectr e nloyed as thaon oxchanget to be filled I £ife el 132
may be an anion exchanger, a cation exchanger, an amphoteric ion
exchanger, or a mixture of at least two of them.

Though the cells are hexagonal in Figs. 9 and 10, the cells
may be quadrangular e.g. rhombic just like cells 145 shown in Fig.
11.

In the electrodeionization apparatus of the present
invention, the projected area to the 1on exchange membrane of the

" cells is preferably 1-100 cm2, particularly 2-50¢m?2, more
particularly 3-10 cm2. As the size of the cells is reduced, the
amount of the ion exchanger to be filled in one cell is reduced so

that the fluidization of the ion exchanger is restrained. In addition,
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pH : 9.5 conductivity : 13 ,u S/cmconcentration of silica : 18 pgbj MAY 2002
concentration of boron : 2.5 ppb For conparison, the succeeding

el ectrodei oni zati on apparatus is substituted for the conventi onal

el ectrodei oni zati on apparatus provided with ribs in the diluting
conpartments. Operational conditions and results are shown in Table 3. 61

1 3 ~i~Y ~~~~ The neasuring conditions are as follows [ neasuring
condition] The cells of the el ectrodeionization apparatus : Hexagonal form

rosin of {HEYGSHE O R pank AT ARRSEEAR e SRR O (T

cation resiﬁ{]' hot h of which are produced Bgﬁlltsubi shi Chem cal
Cor poratio ,lhﬁlﬁl(g] ORI IRERT ALer INGTEASK @W&V&fgéilﬁeﬁmﬁw lpssef s of

t he cation exchange resin) lIon exchange nenbrane : A H A (anion exchange

nenbr ane), tB¥ByatatiflowengHiantee dalia omrpgcittg%@lnbﬁsm@%@é@d.@-, Lt d.

The operating conditions are shown in Table Q02 Tabl e 3.
Exanpl e 7(For commari.sonnurber of  cel | 412t hi ckness;;of di.l uting com art nent
e, b2 5hel ght on eionAisee 56 5e, Bltsd 1§ BEFEIBHE R ot serthang®

| i ed2554current flown A2.51.0resistivity of roduct water Mf2 ~

cml8. 2| 8. 2secmn.cButethe aon@xdhamgerncay et an fomexrchanges fibercamli ng

el ectrodei oni zation a aratus b as SiO,< 0.1< 0.1B concentration in product

wat er f| Om@ﬂﬁ?@%\?ﬁ?ﬁﬁﬁ? gﬁg?&t lopde ARt AR 6f ?i’at ﬁ)éﬂ gktRafireipedin 0. 05<

0.05 As clear fhe apparatus o present” 1 nventi on
provi des the product water of .high_qualit t a higher rate than the

P onpar | son bR 101 eXghas et Ao casdnakarbsuelirncondseRva FosiR i on
has the small height and is very conpact. Exanple 8, Conparative Exanple 4

| n Exanpl e Bagrse €omployed.ve Exanpl e 4, the apparatus for producing
purified water in which the follow ng activated carbon apparatus, RO

il activa L
erioa ar o uoed T AEFT (R SRR ER of KA AT PeRR PR BRI S0 or oduced

preceding electrodeionization apparatus 3A is equal to or more

than 7mm, particularly in the range of 8 to 30mm, and the
thickness of the diluting compartments of the succeeding
electrodeionization apparatus 3B is in the range of 2.0 to 6.0mm,
the preceding electrodeionization apparatus 3A removes the
weakly - ionized species including silica, boron, and the hardness,
and the succeeding electrodeionization apparatus 3B further
removes silica and boron. The succeeding electrodeionization
apparatus 3B removes the alkalis leaked from the preceding
electrodeionization apparatus 3A, the product water becomes high
quality.

The water to be fed into the preceding electrodeionization
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by Kurita Water Industries Ltd. RO nenbrane apparatus : "lilaku-Ace KN200"
produced by 63 1 3 ~~~Y 2002 Kurita Water Industries Ltd.

El ect rodei oni zati on apparatus : "Pure-Ace PA-200" produced by Kurf gaMWlthbz
I ndustries Ltd. flowrate of product : 100 liters per hour The !

el ectrodei oni zati on apparatuses are assenbl ed as shown Fig.1 wherein the
follow ng i on exchange nenbranes are enployed in the aforenenti oned

el ectrodei oni zati on apparatus, the diluting conpartnents are filled with

t he m xtur ' i I of the
Fol 1ow ng S L EnpECFIGIAR KEehREaipIRaC B clinall (764 TaS¥e YRR

cati on exchange resi The ani on exchange resin d cation exchange resin
are suffi ci(bﬁpwﬂw&%&@-B&h%tﬁptwaterp;arrmvaxrbﬁ]afef@}eewat@y Bre filled
into the diluting conpartnents. Two types of el ectrodeionization

appar at usepferablyvadded &ith Ih€Nt r odei oni zati on apparatus "B" provided
with the diluting conpartnents having a thickness Wof 2.5 mm and

consisting of 1 .cells of her of i.ch i.s an.elegtrodei onization
apparatus i prsurai RET A ERE Brofhehy A8 o Al ofiie 8 P8R  heos w
of 10 mm and consjisting of 3 cells are assenbl ed. Anion exchange nmenbrane :
"Neosept a AlectiadedonizhtignTappaaatusadl, the feed water neezlsotd Cantam
exchange nmenbrane : "Neosepta CMB" produced by Tokuyama Co., Ltd. Anion
exchange reghfinn . | SShedhgHt enat 4104.
Cation el e??oé%?b??lzela?ﬁ)aﬁ ‘glgglél?%g’ tﬁw%giﬁ%@i}%ﬁ oduceé&gy@%qta sulg ts}%?

Chem cal ration. The par at ys | oys. th ROr.rerﬂoragshown in
Table 4 andebAvateE anSiBELAEING BROAPSEAERIET KoRBOBaBIT Aends. A5

el ectrodei oni zati on apparatus "A" and el ectrodei oni zati on apparatus "B"

whi ch are ciuventiadFigdéd, tbe concanirestiointof Nadas meopuirsd doroke ecprhluwnder
conditions where the flowrate of product is 100 liters per hour, the water

ecovery of R R Rt B8 NRRPLFRHr Bly M Phe ARl oS 40 BCr vt e

in

ppm as Nat.

The concentration of CO2 in the water to be fed into the
preceding electrodeionization apparatus is preferable to be equal
to or less than 3ppm as COsa.

When the raw water contains a large amount of CO2 which
dissociates under alkaline condition, the removing rates of silica
and boron decrease. When the concentration of COz exceeds 3ppm,
it 1s preferable to remove CO2 by the_ use of a degassing apparatus
instailed in the upstream or by increasing pH of the water fed into
the RO apparatus to 8 or more to form HCO3™.

The water recovery rate of preceding electrodeionization

apparatus 3A is preferable to be 60 to 90%. Even when the water
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t he el ectrodei oni zati on apparatus 80% The neasurenent of the water quality
in the RO apparatus , and the voltage, the current and the water i]u}aMAtfy i

t he el ectrodei oni zati on apparatus are shown in Table 4. 65 ~ 3 iJaY ~o
Tabl e 4. Exanpl e 8Conpar ati veExanpl e 4Hydrophilic "SUL-~~NTR 759"type of RO
menbr aneGLOpr oduced by Nittoproduced by *El ectrical Industry. Toray Co.,

Ltd. rnNa+ renoval rate [% 93.099.5UC renoval rate [9% 97.599.5 ~ ~Ca2+
renoval rate [%499.699.8,na ~osilica renoval rate [% 99.599. 5QpH of feed

wat er 6. 56. Y4 : ! QcQ | Vi f

per neat i ng‘?\%g?ggﬁf %ékéﬁﬁlb@%%é%@ﬁcb%‘%ogﬁ%%? .(%u%se%ﬁ/%c vol t age
[ V] 30850 ~condticti vity of.gr oduct v%rer [ ~ S{@cri]]300. 10 pH &18 7 40 .
.silica refa¥al 1o noyesben dolector examplerthe xpieas 1osthe rpggecef i ¢
vol tage [VJ30800 ~silica renoval rate [% >9850resistivity of o product

vat er [ MSS95d 8924 5tHe producti®abesnd dood geraditsdid prodeled wethsit t hat
the "SUL-GLO" nenbrane is imersed in a solution consisting of purified
wat er and sodi um h chlorite of 1000ppm (expressed as C~ , and the

sol ution igab‘l‘smﬁém%cl for 24 hours so as to be hydrophilic. 66 ~ 3
f'~t ;, ~" 2~~~ According to Table 4, in Conparative Exanple 4 wherein the
RO nenbr ane havAsgthe gledricaevoltagiel andrguirerdnapplied te hhequracedingar di y
flows and the quality of the product water is scarcely inproved in the

el ectrodei g i gﬁpﬁ r d I , aPRRAAt us
enpl oyi ng t%?;ée@t%gﬂ%gb ran?’ﬁﬁ%%@@?ﬁ%r%‘gg 1(&)’%%1'55?%8? ?gﬁgfft%geual tg or |ess
than 97% preferably. further. havipg the renpval rate of the. hardness and
the silicatbeatedin the Brecaiing plsctyodeiohiralion ARPETAHS becomer,
conpartments having a thickness of equal to or nore than 7nmto achi eves

hi gh qual i highf THereforeluittiswateferaplé aogshserrveepi dydivktallinggagfHi ci ency.

Exanpl e 9 The el ectrodei oni zati on apparatus of Exanple 1 shown in Table 1,

("az- 26 (oel B th BAE OF R ARBREAE B LRART wtE frd U 1T

succeedi ng el ectrodeioni zati.on, apparatus 3B shqg in Table 2 are arranged
inthis or@é‘?CQang:@ OEG1PRIZA P BAP PAA [IA$ @rWAanVMQ CP@H@? tg@Oppb is
fed into the apparatuses. The product water Mw ng out of the preceding

voltage and the current applied to the preceding

electrodeionization apparatus 3A so that the value of pH becomes
preferably equal to or more than 8.5, more preferably between 9.0
and 10.5. The preceding electrodeionization apparatus 3A is
preferable to remove Na* at a rate of less than 90% and the
chloride ion of more than 95%. When the chloride removing rate is
more than 95%, pH becomes high.

It 15 preferable that a resistivity meter 5 and a silica meter 6
are installed to the pipe for discharging the product water from the
succeeding electrodeionization apparatus 3B in order to observe

the resistivity and the concentration of silica of the water product
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el ectrodei oni zati on apparatus has pH of 9.5. The neasurenents of TCC
concentration of the product 67 1 31!~I;"; 2002 water flow ng out of each
el ectrodei oni zation apparatus are shown in Table 5. Table 5. ExanglgsP 2002
Exanpl e 10Conpar ati ve Exanpl e 5TCC of product wat er of

pr ecedi ng555570el ectr odei oni zat i onappar at us [ ppb] TOC of product wat er of
succeeding 5 2 1.1 10el ectrodei oni zati on. app aratus [ppb] TOC of raw water

: 300ppb Exanple 10 In Exanple 9, H20 is added to the product water flow ng
out from tha thesadtogdoheeleodedeionatanonapppaahtast3Bsand tiee
concentration in the water for | ppm The neasurenents of TOC are shown in

Ecampl o o CHEBCATE] TPREWedtt SHEIRT st heFinabR e e S AT FROPER, U2

Exanple 1 shown in Table 1 is enplaoyed for preceding el ectrodeionization
appar at us @npaeaiungdicgre copteoPeddse thasttdre ressstigtyandthe t he

precedi ng el ectrodei oni zati on apparatus to neasure the TOC. The

measur enenteyRentPRtRofthe shiewnatd inatesibhtas 13 M"1Y 2002 In this
treatment, NaCl is added in order to increase the conductivity to about 15

,u S/cm I n Exagples and 10 he conductivit f th egqd water flow ng
out tom the predbhenthe AleradelfniZnon abpatatustt SAcaMATe s/ om s
shown Table 5, according to the present invention, the concentration of TOC

i s suffici epdratedvtr Ad(QEXSYI & dquah o apparcaeutshanh 4900ytle 6eisovimgpect ed

about influence of foul by silica, and a nethod of recovery thereof is
searched. 356Bsbf the silica and the boron are increased.

The “A”, “Q”, and “SV” are as follows:
A: the operational current (A);
Q: the flow rate of the feed water per cell in the diluting
compartments (L/sec), where “L” is liter; and

SV: the flow rate of the feed water per ion exchangers in the
diluting compartments (L/L - ion exchangers-sec).

The removal rate of silica is closely related to the value of
A/Q - SV). A/Q - SV) of 4000 or more can achieve the silica
removing rate of 97% or more.

The apparatus for producing purified water of the present
invention may by provided with a RO appax_'atus, a degassing
apparatus where the permeating water passing thorough the RO
apparatus is introduced, and the electrodeionization apparatus

where the water treated in the degassing apparatus is introduced.
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When raw wat er having concentration of silica of 10, O0Cppb is continuously
fed into the apparatus of Exanple 6 for 24 hours, the concentration of
silica of the product water flow ng out fromthe preceding 13 MAY

el ectrodei oni zati on appar atus becones 150ppb, and that of the pr oo'uct 2\R/giz(er
flow ng out tomthe succeedi ng el ectrodei oni zati on apparatus becones | 5ppb.
Step 2 Then, feed water is changed to contain silica at a concentration of
200ppb, and NaCl is added to the feed water to be fed into the preceding

el ect r odei diizggsteforabhathhvs Heofectt wtershaoiag Mo- ad¢kalidtgonductivity of
the feed water for 25 to 30,u S, pH of 69 7 3 1~";~Y 2002 the water

flowing out fro e cai nge el ect eioRi.zation ,a r s far ;10 to
10.2, "The. eirRRebdrad CrCEN 8 5l PG RAR, 0 iRh BB EED EbY SpaBP atale on
apparatus for 35.2V, the current applied to the preceding

el ect r odei dhbastfedntapharBOuapparazns, ame thatthecaiatevhagagpil iofd to the
succeedi ng el ectrodei oni zati on apparatus for 41V, and the current applied
to the suc [ er boNg j : : t he
concent  at (e GRAUFPIELS SARCLOGEHHOM BRETO MpphphttidartRed iBtb¥he | 0Gi ng
el ectrodei oni zati.on appar ai us becones 25ppb, and that of the product water
fl owi ng outtSEBHPRARPREREYPng el ectrodei oni zati on appar atus becones

0. 2ppb. Conparative Exanple 6 The sane experinent as Exanple 11 is

conduct ed excepilt idqreferable tivat ¢hetdegRssiigChpparattisaddednedsbtdreer esul t
t hereof, the silica concentration of the product water flow ng out fromthe

succeedi ng d {.0nj i i is extrenely
i gher t haser S Rsebaf At RuRERAR e S Pl B ke | T
Conpar ati ve, Exanpl e 6. 1 3 +",~Y 2002 Table 6. at aundernorpal state 3da
s af t er nor EgRASSIREGPPAFakLY b 8@11@'5&:1@1@ 290mik o5 ek e
624hour sConcentrati on of 20010 000200200200silica in feed

wat er , Conceyfitleas itharo20idk S¢@m.n product water down out of the
precedi ng1l8150502515el ect r odei oni zati ona aratus bConcentration ofsilica in

0. Tel oct rodei onight Mona A L RERFPEA Satir Es 3eniavad bY FheRO) wat er

fed into the preceding .
apparatus, so that the permeating water thereof has low pH. The

water having low pH is efficiently removed in CO2 by the degassing
apparatus, so that the electrodejonization apparatus can be
reduced in the load of COs. loaded thereon.

The ability to remove COz can be improved by 30 to 50% by
degassing the water which is decreased in pH by treating with the
RO apparatus in comparison with the case where the water 1s
degassed before the treatment with the RO e;pparatus. —

Particularly when the membrane degassing apparatus is
employed for the degassing apparatus, the degassing apparatus
arranged behind the RO apparatus can stabilize the ability to
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el ectrodei oni zati on apparatus is heated to 40C besides addition of salt to
the feed water . As the result, the silica concentration of the product

wat er Mowi ng out fromthe preceding el ectrodeioni zati on appar al 3s}MA¥ 2002

| owered to | 5ppb and that of the product water Mowi ng out tomthe
succeedi ng el ectrodei oni zati on apparatus is lowered to |less than QO | ppb.

I ndustrial capability of the invention As described above, according to the
diluting conmpartnents of the present invention, the weakly - ionized
speci es havdegasifgh anlong-péried-of tzonz. di socci ati on constant such as silica
and boron are efficiently renoved w t hout need of adding al kaline agent and

vt e of the. pr ouBit 11 ROSAPEG MER QTR hehifiyq s saRighRTOCH 1 o

el ectrodei oni zati on apparatuses the first of which relates to_the present
i nvention, ¢(thtaborganie earbenhi gmtbatia glinae slefects gausedrbyithe: $3lts
produced, and the apparatus for producing purified water is provided at | ow

cost. 72  4nd tPRYTEI0 Mhdhvbided ai Teds g)ggaférabienth@& £hé feddi watER hey

apparatus conprising: a cathode; an ano concentrating conpartnents and

di luting cogpartnents alternately fornmed by,arrgngj lurality of cation
exchanger s Wi mah A Aegessing aAnara i bas thitd Wroconeearkiongla. | on
exchangers filled in the diluting conpartnments, wherein a thickness of the

di luting cdesarthean)0pderandomtheledectiic comdwaaveydddHR0guS/em jn and

space velocity (S~ of flow are designed so that product water having pH

hi gher tha(r)\?ﬂ;a-élof(f bﬁg@emtﬁ{e By%é%ﬁ.gqge IE;H r%@g%h%h?%ﬂ)ﬂ\@ the feed water

havi ng pH equa or lesst hout "addi ng an

al kal i ne agent....2. An el ectrodei gnj.zatj on aratuys.claimed in claim1,
wher ei n theStéI‘ith1 tzﬁrﬁlec REarBHA h@y orm Z‘Eﬁgﬁelﬁ’dequal to or nore than
/mm the operational voltage is 1 to 50V par cell, and the space velocity
is 30 to 150 pefTheueject water of the RO apparatus 2 is discharged as the

drain and the permeated water of the RO apparatus 2 is
distributed and fed into the electrodic compartment 3Aa, the
diluting compartments 3Ab and concentrating compartments 3Ac
of the preceding electrodeionization apparatus 3A respectively.
The product water of the preceding electrodeionization apparatus
3A (the water flowing out from the diluting compartments 3Ab) is
distributed and fed into the electrodic compartment 3Ba, the
diluting compartments 3Bb and the concentrating compartments
3Bc of the succccding electrodeionization appar-atus 3B —
respectively. The water flowing out from the diluting
compartments 3Bb is discharged as the product water. The

water flowing out from the electrodic compartments 3Aa and 3Ba
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3. An el ectrodeionization apparatus clainmed in claim1l or 2, wherein the
i on exchanger is a mixture of an ani on exchanger and a cation exchanger or
t he ani on exchanger al one. 73 1 3 f SAY 2002 4. An el ectrodei oni zati on
apparatus as clainmed in any one of clainms 1 through 3, wherein hqr%pl?gﬁs Wb
the feed water can be renoved by nore than 50% 5. An el ectrodei'on ig"hL
apparatus as clained in any one of clainms 1 through 4, wherein the feed
wat er includes silica and/or boron. 6. An el ectrodeionization apparatus as

claimed in gnyiseh@rgbdchgith®e drafifough 4, wherein the rate (RAVRC) of
el ectric resistance (Ra) of the anion exchange nenbrane and the electric

resi stance (Rc) of the catio xchan nenbrane is equal to or | ess than
0.8, 7. An el ot} BRGOHGERI AL MALPE AoV INE PRESTOM 40F crlcertratings 1
t hrough 6, wherein the whol e space between the cathode and the cation

nmenbr ane ofcarmpadtmenty3danpbithepteceding électerdeisnizatiore apasredesi s

desi gned for cathodic conpartnent, wherein a cation exchange nenbrane is

compart ment T RAIC L A fon En B G S S R Tr Pl B~ 1

conpartments 't I'S’neares
conpartments i s designed between said cati exchange. menbr ane and said
frch d

di luting coignerHEating semparHaeds: 3Bs alhhe svgecedhag wher ei n an anodi ¢
conpartnent is designed between said 74 a ~ ~~~ ~QU2 cation exchange

nmenbrane anglethduiongzaBonfappheatnsBBdei Zikidlone apitietafore! & igd i n any
one of clainms 1 through 7, wherein the forenost el ectrodeionization

apparatus is i fe Lth the Lpn .exch e nhrane vi ng,an
nomogeneoud it EREE Enth e Aol B EERANEE MERIPE b RS

het er ogeneous thi ckness. 9. An apparatus for producing purified water
consi sts ofcongensirating coneparbmendsi ZAci amd agpe cacurszedoandateduiraed hat
water to be treated fl ows down therethrough, wherein the forenost

el ectrodei gp #ad ﬁﬂ}étaﬁ@ﬁigh@ffﬁe FOhpphrafgs i zati on apparatus clai med
any one of clains 1 t'hrough 8.
The concentrated water of either preceding
electrodeionization apparatus 3A or succeeding
electrodeionization apparatus 3B may be independently fed back
to the front stage of the RO apparatus 2. The concentrated water
of the succeeding electrodeionization apparatus 3B may be fed
back to the inlet portion of the preceding electrodeionization
apparatus 3A.
While the electrodeionization apparatus shown in Fig.1 and
Fig.2 has one electrodeionization apparatus 3B, th.e —
electrodeionization apparatus may be provided with two or more
electrodeionization apparatuses 3B which are connected in series.

As shown in Fig.7 and Fig.8, cells 23 of more than 7mm in
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10. An apparatus for producing pure water clained in claim9, wherein a
diluting conpartnent of the second or |ater el ectrodeionization qpﬁ)aﬂ at us
is thinner than the diluting conpartnents of the forenopst AY 2002
el ectrodei oni zati on apparatus. 11. An el ectrodei oni zati on apparatus as
claimed in claim9 or 10, wherein said dilut~~~g conpartnents is divided
into cells by a partition member, wherein at least a part of the partition
menber facing the cell is inclined relative to a normal flow direction of

t he wat er ithe7ghicknesspyd dmsmg e ndphortimentoapal celdat24 afiteshehann at

| east inclined part of the partition nmenber allows the water to pass, but

prevents thgyipn eﬁﬁé‘@ﬂ?&inéé’s Bﬁ%ﬁet@ﬂﬁ?iﬁ%%ﬁgﬁgﬁ s%% us for

producing purified water aimed 1n an 11, wherein
a pi pe connecting e forenost el ectrodeioni atl aratus and the second
el ect r odei @?ﬂ'@@t&@gﬁbw&ﬁét aB 3130‘39 | z@i‘j , taeeatlmge &% SPhe
operation of the forenost el ectrodeionization appar at us is controlled so

that the nphsridiefdd evatdd floasdtRfotighsehésdbeligtier sésiegqual to or nore
than 8.5. 13. An apparatus for producing purified water clained in any one

of clainms 9 thr h erein |pefor i SC in r oduct ter.tom
t he succeedi ng Fi%‘&ém@ﬁi% %ﬁﬁp%{% up 9?3bgﬁg%§e% v %n\,\ﬁié)trb} f or
measuring the reS| stivity and/or the concentration of silica, and the

el ect r odei grieferalbly apeaamdlsesthatetherummelmmmbmdf@mlmaaﬁmmnts of the
nmeter. 14. An apparatus for produ0| ng purified water clained in any one of

claims 9 thhokghttdtedRPARIINTIBWY bu%%ﬁeﬁ?'thecﬁoﬂélﬁ% ik /Ed' ng 2 3 NAY

el ectrodei oni zat'i on apparatus is égual to or nore
2002 15. An apparatus for,groducin |f|e ter clainmed in any one of
claims ot RBBArAReRATTE SHcand, O latar et ke o RaPEom QIS |
installed between the el ectrodeionization apparatuses. 16. An apparatus for
produci ng psiiéds tHamaore thloaismd tomasyashaghf asithiatooPthdproducks wherein
a first reverse osnosis
water of the electrodeionization apparatus. In order to lower the
concentration of silica of the produced water to 0.1 ppb or less, the
concentration of silica of the concentrated water is preferable to be
decreased to 100ppb or less.

When the electrodeionization apparatus is operated in this
manner, since the concentration gradient of silica from the
concentrating compartments to the diluting compartments is
relatively low even in the vicinity of the outlet of the concentrating
compartments, the diffusion of silica from the concentrating —
compartments to the diluting compartments is retarded so that

the concentration of silica of the produced water is reduced.

In the present invention, the apparatus for producing
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menbrane apparatus is provided before the forenost el ectrodeionizati on
apparatus and a second reverse osnpbsi s nenbrane apparatus is provide

bet ween the el ectrodei oni zati on apparatuses. 17. An apparatus for Tpa dd’t%ﬂﬂ@;?
purified water clainmed in any one of clains 9 through 16, wherein a reverse
osnosi s nenbrane apparatus is provided before the forenost

el ectrodei oni zati on apparatus and the product water of the reverse osnosis
menbrane apparatus is fed into and fl ows down through the

el ect r odei gnifiedowatppanalyusecompdsularfes ROhgppanracnt) atfeestwat er of the
precedi ng and/ or succeedi ng el ectrodei oni zati o~~ apparatuses is fed back

ot oduct ng SOFF AL GRLATE P EAr s RIS ATREAL g Bree O RIBREADS *Lner ei

a reverse osnosis menbrane ~ 3 r~~Y Zoos apparatus provi ded before the
forenpst elapnansdaisose thatdheapmteat fisstlyrfdowsefnom durevense osatosisver se
osnosi s nenbrane apparatus is fed into the el ectrodei oni zati on appar at uses,

and wher ei hy bl 1EARNE QPP AR IR tRE fiRg %?ﬂﬂtﬁé il %he(x))f flows }nto

el ectrodeioni zation apparatus is fed back eedi ng pi pe the Torenost,
or |ater eI ctrodel n.a rat us n el.ectr.odej oni zati on

appar at us it (g h%?&ﬁﬁi@ﬁ&atﬂ%w N%h%@%ﬁja%ﬁéfexﬁe ani on
exchange merrbrane are arranged between a cat hode and an anode to

al t er nat el psimosiscaeeebraae agpavapas coesistsof tHel raviergecosmpasisent s, and
said diluting conpartnent is filled with an i on exchanger, wherein said

el ect rodei

t hi ckness g’?éég%%%o Orh%t)t;}ge p %grég%qu%éaslr{ic}m ]élomgg%@g%la%%%ﬁgg fments
havi ng t hi cknegs of iess t han 7, m and feed water orderly flows through
each dil ut AR dopRK I9ashthan Qéh.es. A A

.Aa. Al . A A Al LA (.AuF. Al . A&h. A39I . A AA A2. A LA AALALATLAL2. Ah@. A A{2. A

| . AfE. Aas. A@ AYFRERIAAFAS. BeALERrd oA AYrltiA dFmbho WIS ALY AA, . AO
.Aa. A(. A;s?. Al E.AGE. AL. A AN . A AU. Al U2. AASr. A . AE. AL. A;

}Qsﬁ:_ LJ _Z] CQ%I:#%A‘% @aﬁ@afég}ig%%%@é]@%@% f:f}é%jdcéa%aéﬁ%( I ”}/(thz,;j# f:lzl\a/i ca] ca] caj

ca] ca]ca]cal calca]ca] ca]c: al.cRa] ca! C6. x
As shown 1n Fig.14 mentioned above the electrical

resistance rapidly increases as the conductivity of the
concentrated water of the electrodeionization apparatus falls
below 50 1 S/cm. The conductivity of more than 50 & S/cm,
preferably more than 75 ,uS/cm reduces the electrical resistance
and sufficiently ensures the electrical current required for
deionization in the electrodeionization apparatus.
When usual tap water or industrial water having the —
conductivity of about 200 1 S/cm is fed into the RO apparatus
installed with the RO membrane having the degree of desalination
of 97%, and the water is treated under water recovery of 75 %, the
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decrease of the electrical resistance and improvement of the
electrical current.

Furthermore, the RO membrane preferably has the removal
rate of the hardness and silica of equal to or more than 97%.

That is, the hardness such as by CaZ2* and silica easily form scales
in the electrodeionization apparatus and require the appreciably
electrical current to remove the scales. Therefore, the hardness
and silica are preferably removed in the RO apparatus preceding
the electrodeionization apparatus, so that the RO membrane
having the removal rate of the hardness and silica of more than
97% 1s preferable to be employed.

The RO membrane mentioned above may be commercially
saled one. It may be prepared by being treated with oxidizer so
that the RO membrane becomes hydrophilic and has the degree of
desalination of equal to or less than 97% and the removal rate of
silica of equal to or more than S7%.

In the present invention, the electrodeionization apparatus is

preferably provided with the diluting compartments having a

thickness of equal to or more than 7mm.
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layer comprising the anion exchanger alone or mixture of the
anion exchanger and the cation exchanger is filled in the diluting
compartments, the conductivity of the product water (deionized
water) is almost same as of the fed water or slightly larger than it,
while carbon dioxide gas (CO2) and anions are removed and about
90% of silica and boron are also rem;)ved. Besides, the hardness
including Ca2*, Mg2* is further removed. However, since the
monovalent cations including Na*, K are inferior in the removal
rate so that the alkalis including NaOH and KOH which have
large molar conductivity are to be leaked into the product water,
and the product water tends to be increased in pH and slightly in
conductivity.
For the same reason as above, since OH™ is difficult to be
— discharged and H* is easy to be discharged in the concentrating
cells, pH becomes acidic therein so that the scale is not formed

even when Ca2*, Mg?* and the like are concentrated at high

concentration.
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conductivity of the concentrated water by employing the RO
membrane having the degree of desalination of monovalent salts
represented by NaCl of equal to or less than 97 % to leak the
monovalent salts into the RO permeating water so that the
permeated water is fed into the diluting compartments of the
electrodeionization apparatus. When the degree of desalination
of RO membrane exceeds 97%, the afo'rementioned effect is not
sufficiently achieved.

While the degree of desalination of the RO membrane is
preferable to be low for the purpose of increasing the conductivity
of the concentrated water of the electrodeionization apparatus so
as to decrease the electrical resistance and to improve the
electrical current of the electrodeionization apparatus, when the
degree of desalination is unduly decreased, the decrease of the

— current is small and, rather, the load on the electrodeionization
apparatus increases because of degradation of the quality of the
feed water so that the product water (deionized water) is degraded

in its quality. Therefore, RO membrane is preferably to have the
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729HF” produced by Nitto Electrical Industry Co., Ltd.

In the present invention, the RO membrane is also
preferably to have the removal rate of the hardness and silica,
more preferably besides the removal and silica, more preferably
besides the removal rate of TOC (total oréanic carbon) of equal to
or more than 97 %.

In the preceding electrodeionization apparatus of the
purified water producing apparatus of the present invention, by
the same reason as above, the electrodeionization apparatus 1s
preferable to be provided with the diluting compartments having a
thickness of equal to or more than 7mm, particularly of 8 to 30mm.

The ion exchanger is most preferable to be a mixture of the
amon exchanger and the cation exchanger. When the applied
current is increased, a single layer comprising the anion
exchanger alone can being the same effect as the mixture. Of
course, a combination of the mixture and the anion exchanger may
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When the product water of the preceding electrodeionization
apparatus is alkaline, the ultraviolet - light irradiating apparatus
decompose TOC at high efficiency. When hydrogen peroxide or
ozone having concentration of 2 to 20 times as high as the
concentration of TOC in the water is added into the product water,
the efficiency of decomposition is further incx:eased.

In the present invention, a first RO apparatus may be
installed before the preceding electrodeionization apparatus, and a
second RO apparatus may be installed between the preceding
electrodeionization apparatus and the succeeding
electrodeionization apparatus.

By using the RO apparatus, silica and boron are easily
removed from the alkaline feed water. Since the product water
flowing out from the preceding electrodeionization apparatus is
alkaline without adding alkalis including NaOH, the second RO
apparatus easily removes silica and boron from the product water.

For example, in the apparatus comprising the first RO
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series, when the water flowing into the second RO apparatus has
pH of 7, the second RO apparatus removes 99% of silica and 70% of
boron in the water. When the water flowing into the second RO
apparatus has pH of 9, the second RO apparatus removes 99.9% of
silica and 97% of boron.

In the apparatus comprising the preceding
electrodeionization apparatus and the succeediilg
electrodeionization apparatus which are connected in series, when
water containing silica in a high concentration is fed into the
apparatus momentarily, silica accumulates and the removal rate
of silica may decrease even after the silica content of the feed
water decreases down to usual. Therefore, the feed water fed into
the preceding electrodeionization apparatus may be regularly
added with salts including NaCl so that silica accumulated in the
electrodeionization apparatus can is discharged therefrom.

By adding the salts as above, at least one of the following

requirements (1), (i), and (ii1) is preferable to be achieved for 5 to

48 hours:
50



ATr TTTT2UQUJEYNC ' 109Z&' - 10%&' () - F+10%&' ()- (f10%&' ()- &y

109& ()-L$9! 109& ()- ! @ 109%& ()- qUUUVTVWWXVYVZVAYNC ' 1092& 10 10
10L9109%& ()-6109& ()- 3 4 109 ()-S2109& ()- /f109%& ()- ZVi VWWW WAEYNC '
1092& F Z109& ()- L 109& ()-4109%& ()- 109 ()- @ 109& () - 13 MAY 2002
V0% () - WK>XUXXXEYNC ' 100Z& 10%&' ()- fF10%& ()- 3 MLO%& () -

YL0%& ()- Y9! 109%& ()-3 10%& ()- X5YQYYY1ZDZAEYNC ' 109%&Z&

-910% () - Y+& 10%&' ()- ) 10%&' ()- & 109& ()- $109%& ()-"10%& () -

D222[ G JTKI LT M GYNCT' 306K A0ty 10pehe el flokddBidit) - | 22
109& ()- 0109 ()- M\[[[\a\o\dEYNC ~ 109%Z& y10%m& ()-S 109

10%0e (), 1000€’ () (30@%53?%%#emﬁ‘%i?%ﬁ?43%%%&%%@%@&@%%%

]+ At dEYNC ' 109Z&  s- & 10%& () - +10%& ()- ( 10%m& ()- f& 10%m& ()
F &$10%m& ()- ! 10%mdkSEy S/em; dYNC ' 10%&Z& 10m 10m 10m&910%&. () -
610%r& ()- 410%r& ()-2F10%r&' ()- / @O%& () -

(1) To set the concentration of Na* ion of the water flowing

into the preceding electrodeionization apparatus for
more than 3ppm; and

(11) To set pH of the product water flowing out preceding

electrodeionization apparatus for more than 9.8

Fig.15 shows an example of the interrelationship between pH
values of the feed water fed into the preceding electi‘odeionization
apparatus and the product water flowing out from the therefrom.

It is further effective heat the feed water fed into the
electrodeionization apparatus to more than 35°C besides to add
the salts including NaCl to the feed water.

It the conventional electrodeionization apparatus, slime is
frequently formed whereby the differencial pressure of the
concentrating compartments rises to prevent the operation. In
the two - stages electrodeionization apparatus of the present
invention, the concentrated water of the preceding
electrodeionization apparatus becomes acidic and the

concentrated water of the succeeding electrodeionization
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living bacteria per milli liter is fed into the preceding
electrodeionization apparatus, the concentrated water of the
preceding electrodeionization apparatus is decreased in number of
the living bacteria to 100 per milliliter and the concentrated water
of the succeeding electrodeionization apparatus is decreased in
number of the living bacteria to 0 per milliliter.

To raise the removal rate of silica, the alkaline ;:hemicals
may be added into the water between the first and second stages
or the inlet of the first stage. Even when pH of the water is not
sufficiently increased at the first stage, the treatment with the
second or later electrodeionization apparatus improves the
removal rate of silica.

The feed water fed into the first electrodeionization
apparatus is preferable to have pH of equal to or more than 9.5 in
order to efficiently remove the weakly - ionized species including
silica and boron by the second or later electrodeionization

apparatus. Although the removal rate of silica is 99% when the

feed water fed into the secondary electrodeionization apparatus
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In the second or later electrodeionization apparatus, the Caz*
concentration in the feed water is preferable to be equal to or less
than 30ppb, more preferable to be equal to or less than 5ppb as
Ca?* since the water flowing in the concentrating compartments
and the electrodic compartment is alkaline. In the second or
later electrodeionization apparatus, the basic feed water causes
the scale of CaCOs in the concentrating compartments and the
electrodic compartment. Therefore, Ca2* is required to be

removed at the first stage.

Examples and Comparative Examples

The following shows the apparatuses used in Examples and
Comparative Examples. In Examples 1 to 5 and Comparative
Examples 1 to 3, the apparatuses are arranged as shown in Fig.4
to be connected in series. In Example 6, the apparatus including
two electrodelonization apparatuses are arranged as shown in
Fig.2 to be connected in series.

1) Activated carbon apparatus

53
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1092& -109& ()-9109& ()- 109& ()- z 109& ()-109%& ()- @ 109%& (é

Xyyyz@t zzdEYNC ' 109@Z& 10%& ()- S109%&' ()- 109%& ()-y 10%& ()- H 0% P02
S 109& ()- zz/{i {{{{dEYNC' 109%Z& -109%& ()- 3+109%& ()- (10%& ()-

&L09& ()- 9$100& ()- !110%&' ()- {:|z|||||||dYNC"' 10%& 10 10
1089109& () - 6109& ()-4109& ()- ,2, 109%& ()- 3 / 109 ()- |}L}}}~W-dEYNC
1092& 109& ()- L 109& ()-4@ 109 ()- !109%& ()- @mO%& ()-

it e R R P O

&10%&' ()-  $109 "s10% ()- [fdYNC' 1092Z& 10 10 109910%& ()-3
7MLOY&' ()- 411 () sz 109&' ()- OL!109& ()- UJEYNC' 100Z& :!10%8& ()-
9: 10%1& ()- S 10%& ()- | 10%T& ()-10%& ()- | %10%& ()- ZdEYNC ' 109&Z&

10%r&' () - @ 10B)¥RO appbadés()- Y 10%r& ()- F10%m& ()-- 10%r& ()-
: “Maku-Ace KN 200” produced by Kurita Water Industries
Ltd.
3) Electrodeionization apparatus “Pure-Ace PA-200”
produced by Kurita Water Industries Ltd.
flow rate of product ; 100 liters per hour
Comparative Example 1

An electrodeionization apparatus is assembled as shovs;n in
Fig.3 in which the following ion exchange membranes are
employed and the diluting compartments are filled with mixture of
6 parts by volume of the following anion exchange resin and 4
parts by volume of the following cation exchange resin.

The anion exchange resin and the cation exchange resin are
sufficiently washed by ultra pure water before being filled in the
dilut.ing compartments. KEach of the diluting compartments has a
thickness of 2.5 mmand consists of 12 cells.

The water is fed into the electrodeionization apparatus under
conditions as shown in Tablel. The resistivity of the product

water, the concentration and the removal rate of silica, boron and
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T10%& ()-  109%& ()-  10%& ()- S:!10%& ()- $@O0%& ()- TAEYNC 1hor s
T110%8 () - @10%& ()- & 10%1& ()- M 10%& ()- 10%& () - 310%& () -
GPAEYNC' ' " 109Z&' - 10%r&’ ()- ZY+10%r& ()- ) 10%r& ()- & 10%r& ()-

s$:110%1& ()- ":!110%& ()--qtuvwdYNC ' 109Z& 10m 10m 10mP910%r& () -
71 10%m8 () thelOPdF {ons afr%%éﬁ%x{ﬂerd QM%pﬂ’@éxﬂté)aréﬂ@HEW %@1
109%rg! () - 9F10%me () - &i0 0%1& () - 10 Oy 100 (

Tovre: (- fggﬁ‘m@‘ﬁ/‘%ﬁ;@@g@ %%g% SR L A Mpﬁr) 1°‘V%‘g‘ 0
y&9! 10%1&' ()- & 109%& ()- F !S109%& ()- rlorstudYNC ' 109Z& 10m

Tokuyama Co,. Ltd

Cation exchange membrane : “Neosepta CMB” produced by
Tokuyama Co,. Ltd.

: Anion exchange membrane “SA 10A” produced by
Mitsubishi Chemical Corporation.

: Anion exchange membrane “SK 1B” produced by Mitsubishi
Chemical Corporation.
Example 1

An electrodelonization apparatus is assembled to conduct the
treatment in the same manner as comparative example 1 except
that each of the diluting compartments has thickness of 10 mm
and consists of three cells, and the water is fed under conditions as
shown in Tablel. The resistivity of the product water, the
concentrated and the removal rate of silica, boron and the other
10Nns are shown Table 1.

Further, the variation in pH with the applied voltage is
shown in Fig.5.

The CO2 concentration of the feed water and the COz

concentration of the water treated by the preceding
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#9109@& ()- 8XAEYNC' 100Z& 109%Z& ()- fYL00Z& ()- 109%Z& ()- 109%@& ()-

| 1092& ()- Z109%Z& ()- AGdEYNC ' 10%Z& - @O0%&Z& () - nF+

1092&' ()-3(! 1092Z& ()-&mMl0%Z& ()- ~$s109Z& ()-"10%Z& ()- 6t36789dYNC "

109Z& 10Z 10Z 10799109Z& ()-7 10%Z& ()-44Z109%Z& ()-3@@

109Z8& () - F0z109®Z& ()- 9HQEYNC ' 109Z& 10%& ()- s 10%m& ()- 9! 10%& ()-

y 10%m& () elSctﬂﬂd@o(n)lza&%leﬁfp&r(a)tu@dEXN&é mieaEaredtb0caigulate Yhers: () -

& 10%m& ()- yl0%r& ()- y10%m&' ()-, 910%& ()-"]dEYNC ' 10%&Z&

10%e () )Tar%égv%%% WB%H%&%@P%%@%@% BERE B dviasen s 1

10%m& ()- 010%m& ()- OJEYNC' 109Z& f 10%r& ()- LlO%r& ()-4 10%8& () -
S10%& ()- lppow e(yemmai%@e(l)s 96fe vnd whemidze CQoupmicentratioroofis () -
10%r& ()- 109%& ()-1 10%v& ()-
the feed water 1s 4ppm, the removal rate is 60% or less.
In Example 1, by employing the heterogeneous membrane
for the ion exchange membrane, the removing rate of Na*+

decreases from 46% to 40% and pH increases from 9.5 to 9.65.
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10%m& ()- YdEYNC' 109@Z& - @ 10%M& ()-ZY+s10%m& ()- )10%m& ()- &Z10%M& () -
“$10%& ()-"& 10%& ()- [$' ()*dYNC ' 109Z& 10m 10m 10nm& 910%& () 7@
10%1& ()- 4 10%m& ()- S2 10%m& ()- 010%m& ()-*7| YAEYNC ' 109@Z& W% Oh
"S10% u& ()- S10% u& ()- 10% u& ()- @!10% u& ()- &L0% u& ()-YY \

109Z& M 10% u& ()- f10% u& ()- mL0% u& ()-& 10% u& ()-1 10% u& () -

10% u& ()- MNEYNC' 109®Z& -9!10% u& ()-Z Y+10% u& () -

) Z10% u&' ()-&9! 10% u& ()- ~$10% u& ()-"10% u& ()- CaVK@' 10% 10-u 10-u
10- u910% u o4& 10% u& ()- 410% u& ()- S210% u& ()- !010%u& ()- dEVK@'
109 103109 0! A 08 ()~ S 100&' (}-

&F109&' () - WAEVK@' 10% 10S109%&' ()- yl 109%&' ()| Comparavi&s (|) ( 100/ :(
10%&' ()-, 109%&' ()- VPAEVK@' 10% 10-3109& ()-[YI Bkdy&e {) -] ) Iﬁl)% e(]g
&10%: () - $3TT IO (rcells [-] 12 3
thickness of diluting compartment [mm] 2.5 10
electric voltage [V] 54 45.9
electric current [A] 0.8 2
water recovery [%] 90 90
o {5V in concentrating compartment [hr ) 60 60
:—g pH of feed water [-] 7 7
g conductivity of feed water [ u S/cm] 10 10
g Slhcci';gen;evrvl;izl([fpb as Si02] 200 200
§ boron concentration 19 20
of feed water [ppb as B] .
sodium concentration 18 16
of feed water [ppb as Na] '
chloride ion concentration 2 9
of feed water [ppb as Cl]
calcgl;lf!;:g I;::g: ?It)l:t? as Ca] 50 50
pH of product water {-] 7 (pure water) 9.5
resistivity of product water [M Q -cm] 16.5 0.1
silica concentration
% of product water [ppb as SiO2] 52 18
E removal rate of silica [%] 74 91
o .
|
<§' removal rate of boron [%] 72.6 876
2 |sodium concentration
.73 of product water [ppb as N;]_ 0.2 860
@' Ichloride ion concentration <01 10
of product water [ppb as Cl] '
i e e
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"109&' ()-ENdYNC ' 109 1 10 10 109109%&' ()-  710%& ()- 4109%&' ()-
f2& 109&' ()- 0910%&' ()- 5qdEYNC ' 109%Z 1 109%&' ()- Y “10%& ()- 109%& ()-
109&' ()- S109%& ()- ,&s10%& ()- 3xdEYNC ' 109%Z 1 F 10%& ()-y1l09%&' ()-
8&109%&' ()- & 109%&' ()- 109%& ()-, 10%& ()- @[dEYNC' 10%& 1 ,
-1109& () - Y+ 109&' ()- ) 10%&' ()- F &L09%& ()- s$-10%& () - ¢T3 MAY 2002
109&' ()-[EHI JKAYNC' ' 109 1 10 10 10 :10%& ()- 7& 109%& ()- 3 4F10%& () -
f2f 10%&' ()- 0& 109&' ()- KWiaBYNC' 109 3 10%& ()- s109%& ()- - 10%& ()-

atove (- FRoonips A el G Omna A RS AR 21 he - Love () - veed 100 ()-
J10%: () - &10%, (lzeétrsc)%e]igz?zagmn apparatuses are assembled in the same
manner as Comparative Example 1 except that the diluting
compartments of those respectively have thickness as follows.
The water is treated under the same conditions as Comparative
Example 1 except that the water is fed at SV of 60 per hour, and
the electric voltage as the current efficiency falls in the range of 10
to 20%. The resistivity and pH of the product water are shown in
Fig.6.
Comparative Example 2: 2.5mm
Comparative Example 3: 5.0 mm
Example2: 7.0 mm
Example 3: 10.0 mm
Example4: 15 mm
Example 5: 30 mm
Example 6
As shown i_n Fig.2, the activated carbon apparatus 1, the RO
apparatus 2 and the electrodeioniization apparatus 3A, 3B are
arranged in this order to be connected in series wherein the

preceding electrodeionization apparatus 3A is the same

electrodeionization apparatus provided with the diluting
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107 & 10%mpaFtments having a thickness of 10mm as Example 1 and the

succeeding electrodeionization apparatus 3B is the same

electrodeionization apparatus provided with the diluting

compartments having thickness of 2.5mm as Comparative

Example 1. Then, the feed water 1s fed into the apparatus under

conditions as shown in Table2. The quality of the product water

(flowing out from the electrodeionization apparatuses 3A, 3B

respectively) are shown in Table2.

Table 2.
preceding succeeding
electrodeionization |electrodeionization
apparatus 3A apparatus 3B
number of cells [-] 3 12
S thickness 10 95
B of diluting compartment [mm] ”
<
;30 electric voltage [V] 459 54
§=
§ electric current [A] 2 1
=
water recovery [%] 90 95
pH of product water [-] 9.5 7
o 8
o § |resistivity of product water [MQ -cm] 0.1 18.2
hafis
—~ Q oy .
g3 silica concentration . 18 <0.1
<9 of product water [ppb as SiO2]
boron concentration 95 <0.05
of product water [ppb as B]

The results show the followings:

As shown in Tablel, the electrodeionization apparatus of
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s- 109%&' () -

+& 100& ()- 3 (109& ()- y& 109& ()-&$109& ()- !& 109%& ()-

LAYNC ' 10% 10 10 10LL910%& ()-610%& ()- 1410%& ()- 3 210%&

/10% & () -
9109@¢& () -
s109@& () -

NOPRY
TVAEYNG © 109 f1100@& ()- ' 1109%& ()- . 100@& ()- |+ '1ba807 ) -
$109@& ()- 6i dEYNC ' 10% | 109%Z& ()- 109@& ()- | 109%&Z& ()-
T109@& ()- 109%Z& ()- VUMEYNC ' 10% - 109@& ()-*" 109&Z& () -
10928 ()- f& 109%& ()- $m09Z&' ()- ! 109Z& ()-8wz{|}dYNC ' 109€ 10Z 10Z
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1002 10%r&' ()- 910%& ()- 10%r& ()- |

thickness of 10mm slightly exceeds the electrodeionization
apparatus of Comparative Example 1 provided with the diluting
compartments having a thickness of 2.5mm in the removal rate of
silica and boron. Calcium is almost entirely removed. As shown
in Fig.5, in the electrodeionization apparatus provided with the
diluting compartments having a thickness of 10mm, pH of the
product water increases as the applied voltage increases.

As shown in Fig.6, as the thickness of the diluting
compartments exceeds 7mm, the resistivity of the product water
deteriorates to raise pH of the product water.

In the preceding electrodeionization apparatus 3A, the cells
are applied with the voltage at 8V per cell, and in the succeeding
electrodeionization apparatus 3B the cells are applied with the
voltage at 3V per cell. When the conventional electrodeionization
apparatuses are employed, the cells of the preceding
electrodeionization apparatus are applied with the voltage of 15V
and those of the succeeding electrodeionization apparatus are
applied with the voltage of 4.5V.

Table 2 shows that when the water is firstly treated in the

electrodeionization apparatus provided with the diluting
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dYNC' 109% 10m 10m 10nD10%r& ()-3 6@0%& ()- 4 10%r& ( §2
/110%& ()- ~LJEYNC' 109 F S109%& ()- 10%& ()- f 109%& ()- F 109&' () -
10%& ()- &10% ()- FLCAEYNC 1ocy<z Y& 109%& ()-  109& ()- 109& ()-

"9 109 ()- “109%& ()- 10%& ()- .i'dEYNC' 109%&Z L-9!10%& ()- *109%&' ()-

(S10%& () cohmiphtPrfedds hivilg @hlckﬁeéé)%“f‘ 100 m Y¥h@chen! f& intd thY

10° 9109%& ()

electrodeionization apparatus provided with the diluting
compartments having a thickness of 2.5mm, the concentration of
silica and boron is lowered to the limit of analytic detection, and
the product water of very good quality (pH 7 and the resistivity of
18.2 M) - cm) can be contained.
Example 7
The purified water producing apparatus shown in Fig.13 is
assembled. The succeeding electrodeionization apparatus relates
to the present invention which is provided with the cells having
honeycomb structure in the diluting compartments. The product
water flown out of the preceding electrodeionization apparatus is
of the following quality:
pH: 95
conductivity : 13 uS/cm
concentration of silica : 18 ppb
concentration of boron : 2.5 ppb
For comparison, the succeeding electrodeionization
apparatus is substituted for the conventional electrodeionization
apparatus provided with ribs in the diluting compartments.
Operational conditions and results are shown in Table 3.
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[ measuring condition]

The cells of the electrodeionization apparatus : Hexagonal
form, the area of which is 3.9 cm?2.

Spacing between ribs : 28mm

Ion exchange resin of the diluting compartments : SA 10A of
anion resin and SK 1B of cation resin; both of which are produced
by Mitsubishi Chemical Corporation; (including 6 parts of the
anion exchange resin and 4 parts of the cation exchange resin)

Ion exchange membrane : AHA (anion exchange membrane),

CMB (cation exchange membrane) produced by Tokuyama Co.,
Ltd.

The operating conditions are shown in Table 3.
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LLCHEL TSI

Example 7 (For
comparison)

number of cells 4 12
thickness of diluting compartment (mm) 5.0 2.5
height of cell (cm) 400 600
Space velocity (hr') 120 60
voltage applied (V) 25 54
current flown (A) 2.5 1.0
resistivity of product water (MQ - cm) 18.2 18.2
SiO, concentration in product water flown out of <0.1 <0.1
succeeding electrodeionization apparatus (ppb as SiO,)
B concentration in product water flown out of succeeding <0.05 < 0.05
electrodeionization apparatus (ppb as B)

- As clearly shown by Table.3, the apparatus of the present
invention provides the product water of high quality at a higher
rate than the comparison one. It is also shown that apparatus of

the present invention has the small height and is very compact.

Example 8, Comparative Example 4

In Example 8 and Comparative Example 4, the apparatus for
producing purified water in which the following activated carbon
apparatus, RO membrane apparatus, and two electrodeionization
apparatus are connected in series are used.

Activated carbon apparatus : “Kuricoal KW10-30” produced
by Kurita Water Industries Ltd.

RO membrane apparatus : “Maku-Ace KN200” produced by
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10% U& ()- @10% U& ()- 10% U& ()- !10% U& ()- 310% U& ()- 10% U& ()-
]*edEYNC ' 109 F s-10% U& ()- +MLO% U& ()-( 10% U& ()- y&@ 10% U& () -
&$10% U& ()- 'S 10% U& ()- e$36789aVK@' 109 10 U 10 U 10  U910%I & MAY- 6gp2
10% U&' ()-410% U& ()- ,2F10% U& ()- !'/"10%JU& ()- 9HCAEVK@' 10% 10S
109 ()- &109%V& ()-3- 109 ()- @LO%E ()-1 109%& ()- $910%VE ()-
7vdEVK@' 109 10m 109%vE' ()- OnlO9%VE' ()-S 109V ()- 109%V&' ()- FL0%VE ()-
MLOY%VE' ()- EEJEVK@' 109Z 10- 109%VE ()- 3+ 10%VE ()-
Kurita Water Industries Ltd.
Electrodeionization apparatus : “Pure-Ace PA-200”
produced by Kurita Water Industries Ltd.
flow rate of product : 100 liters per hour
The electrodeionization apparatuses are assembled as shown
F1g.1 wherein the following 1on exchange membranes are
employed in the aforementioned electrodeionization apparatus,
the diluting compartments are filled with the mixture of the ion
exchange resins composed of 6 parts by volume of the following
anion exchange resin and 4 parts by volume of the following cation
exchange resin. The anion exchange resin and cation exchange
resin are sufficiently washed by the ultra - pure water before they
are filled into the diluting compartments.
Two types of electrodeionization apparatuses one of which is
an electrodeionization apparatus “B” provided with the diluting
compartments having a thickness W of 2.5 mm and consisting of
12 cells, and the other of which is an electrodeionization apparatus
“A” provided with the diluting compartments having a thickness
W of 10 mm and consisting of 3 cells are assembled.

Anion exchange membrane : “Neosepta AHA” produced by

Tokuyama Co., Ltd.



(1098 ()-& 1098 ()- 9% 10%& ()- F !109%& ()- E NQRSTAYNC' ' 109%Z 1 10M
10M 10MPO10%VE’ ()-6 109 ()- 4& 109%E&' ()- @L10%VE ()-/!10%vE& ()-
TdB{dEYNC' ' 10% 1 10%& ()- 9 109%Z& ()-10%Z& ()- | 10%&& ()- 1QY 8?&? 2002
0d0%Z& () - 3{$ddEYNC ' 109% 1 s109%Z& ()- @ 109%Z& () - 109&Z& () - 10%2&
F109Z& ()- t109&Z& ()- 000dEYNC' 109 1 Y -109%&& ()- 3+: !109%&& ()-
(M 109Z& () - &ML0%Z&' ()- 9$109%&& ()- Y !'109%&& ()- 0l $' ()*dYNC' 109 1 10Z
10Z 10Zss9109%Z& ()-6:!109%Z& ()- 4ml0%&Z& ()- ,23109%&& ()- /Z109%Z& ()- *;
HAEYNC ' 109%& Eﬁtﬁ)lﬂgﬁ&héh%%lﬁfér&bﬁrhnemﬁ/m&o(sbptﬁ CM yf0ducesd HIr&’ () -
YLO%TE () - 4#h" XdEYNC ' 109 I F 10%m& ()- S10%T&! 10%m& () - 10%M& ()- F
10%r& () - "Bl ama 3! AERC " 107
Anion exchange resin : “SA 10A” produced by Mitsubishi
Chemical Corporation.
Cation electrodeionization apparatus : “SK 1B” produced by
Mitsubishi Chemical Corporation.
The RO apparatus employs the RO membrane shown in
Table 4 and the electrodeionization apparatus composed of the
electrodeionization apparatus “A” and electrodelonization
apparatus “B” which are connected together in series. The
treatment is conducted under conditions where the flow rate of
product is 100 liters per hour, the water flows in the
electrodeionization apparatus at SV of 70 per hour, the recovery of
the water in the RO apparatus is 75%, and the recovery of water in
the electrodeionization apparatus 80%. The measurement of the
water quality in the RO apparatus, and the voltage, the current

and the water quality in the electrodeionization apparatus are

shown in Table 4.
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1 -- 10%® ()- F 3+ 10%®& ()- (&L0%& ()- &1O0%T&' ()- L$10%mE () -

191 10%m& ()- QIYNC' 109 1 10m 10m 10mD10%v& ()-3 6 10%m& ()- 4& 10%m& () -
,210%€& ()- /10%m& ()- UWIEYNC' 10% 1 S !109%Z& ()- 109%&Z& ()- ﬁéwﬁ‘ é&u F
Y1097& ()- 109%& ()- Y%109%Z& ()- QGIEYNC ' 109& 1 1:!109@& ()- ohdoisy (sl?
t109Z&' ()- ~109%Z& ()-M 10%Z& ()- z 109%Z& ()- G dEYNC' 10% 1 L- 10%&Z& ()-
*109@& ()- ('!109Z& ()- S&L0%Z& ()- $z 10%Z& ()- !s109%&Z& ()- @YNC' 10% 1
10Z 10Z 10Z8109%Z& () - 6109&Z& ()- Y4z 109@& ()- Y 2109%&& ()- /gl09%&Z& () -

&AdEYNC ' 1@%}& le%r& O- 1 &0%r& ()- 10%m& ()-1 ~10%m& ()- | 10%& ()-
$ 10%m& ()-TdEYNC L 100Z 1 100 ()- 10%&' (}-Y 10%& ()- s10%. ()- Y
310%& ()- | 10%m& ()-P| 1dEYNC ' 10% 1 1£%’r& lg% +@.0%i1$&1p(a)ratlfve
(-10%m& () - Example 4
Hyd“’pénlgﬁ SUL- "NTR 759"
type of RO membrane produced by Nitto
produced by Electrical Indust
Toray Co., Ltd. * ctrical Industry.
o
2 & |Na’ removal rate [%] 93.0 99.5
5 | 88
§ § 'E Cl™ removal rate [%] 97.5 99.5
s | GE [ =
f‘u 2 o [Ca™ removal rate [%] 99.6 99.8
B | &8
g 8 |silica removal rate [%] 99.5 99.5
=
8 pH of feed water 6.5 6.5
conductivity
of feed water [ u S/cm] 160 160
copduct1v1ty 95 91
of permeating water [ z S/cm]
o electric current [A] 1.5 0.06
2
*§ < electric voltage [V] 30 85
= @
,S, % conductivity of " 30 0.1
Z g product water [u S/cm] ’
o
g pH 9.8 74
>
silica removal rate [%] >98 53
.5 electric current [A] 1.0 0.05
piaal
5 3 electric voltage [V] 30 80
S
§ g silica removal rate [%] >98 50
= o
R resistivity of
q-) .
@ product water [MQ -cm] 18.2 15

* : This membrane is prepared in such a manner that the "SUL-G10" membrane
is immersed in a solution consisting of purified water and sodium hypochlorite of
1000ppm (expressed as Cl,) , and the solution is circuralted for 24 hours so as to

be hydrophilic.
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1092 ! &10%& ()- 10m

current hardly flows and the quality of the product water is

scarcely improved in the electrodeionization apparatus. In

contrast, in Example 8, the apparatus employing the RO

membrane having the degree of diluting of equal to or less than

97%, preferably further having the removal rate of the hardness

and the silica of equal to or more than 97%, and employing the

diluting compartments having a thickness of equal to or more than

7mm to achie;zes high quality of the product water by large current

and diluting efficiency.

Example 9

The electrodeionization apparatus of Example 1 shown in

Table 1, and ultraviolet-light irradiating apparatus provided with

two UV lumps (“AZ-26 (0.1 kW)” produced by Japan Photo Science

Co,. Ltd.), and the succeeding electrodeionization apparatus 3B

shown in Table 2 are arranged in this order and connected in

series. Raw water having TOC of 300ppb is fed into the

apparatuses. The product water flowing out of the preceding

electrodeionization apparatus has pH of 9.5.

The measurements of TOC concentration of the product
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4 10%8 ()- F ,210%& ()- FYdEmbC ' 10% !Y 10%r& ()- 10%r& ()-Y 910%& () -
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in Table 5.
Table 5.

Comparative

Example 9 | Example 10 Example 5

TOC of product water
of preceding
electrodeionization
apparatus [ppb]
TOC of product water
of succeeding
electrodeionization
apparatus [ppb]

TOC of raw water : 300ppb

55 55 70

2.5 1.1 10

Example 10

In Example 9, H202 is added to the product water flowing out
from the preceding electrodeionization apparatus to set the
concentration in the water for 1ppm. The measurements of TOC
are shown in Table 5.
Comparative Example 5

Treatment is made in the same manner as Example 9 except
that the electrodeionization apparatus of Comparative Example 1
shown in Table 1 is employed for preceding electrodeionization
apparatus and NaCl added to the product water flowing out from
the preceding electrodeionization apparatus to measure the TOC.

The measurements of TOC are also shown in Table 4.
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1 109%h& () -, #3(3! H 109& () -, YZ[ eASH #3G H 109& () -, H 109& () -, H 109%& () -

s e e S L i
S U R SRS AT, Ml
()-,H 10%’1& ()-,#3G +-TWZ[ ] "dIOHH! 10%& () -, H! 10%’1& () , #3G@ H! 10%’1& ()-,H1

0%& () -, H'cb@ﬁhfct@'rtyl'ﬂ)ﬂﬂ%ltfeéd waserflow Hlﬂt()ﬁﬂtb&l(ﬂhe [ Ti1S r()-, H 10%
& ()-, #3G H 10%& () -, H 1090& () -, H 1090& () -, eKIHH 10%& () -, H 109%& () -, H

| 10%& THH 109%0& () -, H 10%h&
()-, H 18/&1&%&%&%’5@&%%%&% 13%‘%&&5 ﬁ/& G j KLHH! 18/&1&' ()-,H1
0%& () -, H 10%& ()- H 109h& (% H 109h& () -, H 109%& () -, #3G

eK1HH 109M& () - A4 shosmsa (Tahler 3oeeeoxding t0 theswregentinvention, theaa H 10%
& (-, 56809 :

j gggH' 0% EoerltAfSIof O AU Elendly 194 - H 108 ()-, H 1098 ()-

OKLHH! 10%‘?3)8 ﬁseﬁu 109%M& () -, H 109%& () -, H 10%h& ()-, H 10%& ()-, #3G [ q
ruvy z
oK1HH! 109h& () -, #3G H 1090& () -, H 109%h& () -, H 10%h& () -, H 10%& () -, H 10%&
"()-,{ The apparatus of Example 6 is inspected about influence of

foul by silica, and a method of recovery thereof is searched.
Step 1 ‘

When raw water having concentration of silica of 10,000ppb
1s continuously fed into the apparatus of Example 6 for 24 hours,
the concentration of silica of the product water flowing out from
the preceding electrodeionization apparatus becomes 150ppb, and
that of the product water flowing out from the succeeding
electrodeionization apparatus becomes 15ppb.

Step 2

Then, feed water 1s changed to contain silica at a
concentration of 200ppb, and NaCl is added to the feed water to be
fed into the preceding electrodeionization apparatus for 24 hours

so as to set the conductivity of the feed water for 25 to 30 S, pH of
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B S AIBE NI SR
concentration of silica of the product water flowing out from the
preceding electrodeionization apparatus becomes 25ppb, and that
of the product water ﬂc;wing out from the succeeding
electrodeionization apparatus becomes 0.2ppb.

Comparative Example 6

The same experiment as Example 11 is conducted except
that in the above step 2, NaCl is not added. As the result thereof,
the silica concentration of the product water flowing out from the
succeeding electrodeionization apparatus becomes 2.5 ppb which
1s extremely higher than in Example 6.

Table 6 shows the results of Example 11 and Comparative

Example 6.
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e result the silica concentration of

the product water flowing out from the preceding

electrodelonization apparatus is lowered to 15ppb and that of the

product water flowing out from the succeeding electrodeionization

apparatus is lowered to less than 0.1ppb.

Industrial capability of the invention

As described above, according to the diluting compartments

of the present invention, the weakly - ionized species having high
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1% ()Whereln the diluting compartment has a thickness of equal to or
more than 7mm, the operational voltage is 1 to 50V par cell, and
the space velocity is 30 to 150 per hour. —

3. An electrodeionization apparatus claimed in claim 1 or 2,

wherein the ion exchanger is a mixture of an anion exchanger and

a cation exchanger or the anion exchanger alone.
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9. An apparatus for producing purified water consists of two or
more electrodeionization apparatuses connected so that water to
be treated flows down therethrough,
wherein the foremost electrodeionization apparatus is an
electrodeionization apparatus claimed any one of claims 1 through
8.
10. An apparatus for producing pure water claimed in claim 9,
wherein a diluting compartment of the second or later
electrodeionization apparatus is thinner than the diluting
compartments of the foremost electrodeionization apparatus.
11.  An electrodeionization apparatus as claimed in claim 9 or
10, wherein said diluting compartments is divided into cellsbya —
partition member,

wherein at least a part of the partition member facing the

cell i1s inclined relative to a normal flow direction of the water 1n
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apparatus is provided with a pH meter,
wherein the operation of the foremost electrodeionization
apparatus is controlled so that the measurement of pH measured
by said pH meter is equal to or more than 8.5.
13.  An apparatus for producing purified water claimed in any
one of claims 9 through 12, wherein a pipe for discharging product
water from the succeeding electrodeionization apparatus is
provided with a meter for measuring the resistivity and/or the
concentration of silica, and the electrodeionization apparatuses
are controlled based on measurements of the meter.
14. An apparatus for producing purified water claimed in any
one of claims 9 through 13, wherein a water recovery of the

succeeding electrodeionization apparatus is equal to or more than

95%.
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16.  An apparatus for producing purified water claimed in any
one of claims 9 through 15, wherein a first reverse osmosis
membrane apparatus is provided before the foremost
electrodeionization apparatus and a second reverse osmosis
membrane apparatus is provided between the electrodeionization
apparatuses.
17.  An apparatus for producing purified water claimed in any
one of claims 9 through 16, wherein a reverse osmosis membrane
apparatus is provided before the foremost electrodeionization
apparatus and the product water of the reverse osmosis
membrane apparatus is fed into and flows down through the
electrodeionization apparatuses, and

wherein the concentrated water of the preceding and/or

succeeding electrodeionization apparatuses is fed back ahead of
the reverse osmosis membrane apparatus.

18.  An apparatus for producing purified water claimed in any

one of claims 9 through 17, wherein a reverse osmosis membrane
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apparatus provided before the foremost electrodeionization
apparatus, and the product water of reverse osmosis membrane
apparatus 1s fed into the electrodeionization apparatuses, and

wherein the concentrated water of the second or later
electrodeionization apparatus is fed back to feeding pipe of the
foremost, or later electrodeionization apparatus.
19. An electrodeionization apparatus in which a plurality of the
cation exchange membrane and anion exchange membrane are
arranged between a cathode and an anode to alternately form
concentrating compartments and diluting compartments, and said
diluting compartment is filled with an ion exchanger,

wherein said electrodeionization apparatus has the diluting
compartments having a thickness of equal to or more than 7 mm
and the concentrating compartments having thickness of less than
7 mm, and feed water orderly flows through each diluting

compartment in series.
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