METHOD FOR OPERATI NG ELECTRODEI ONI ZATI ON DEI ONI ZED WATER PRODUCI NG
APPARATUS, ELECTRCDEI ONI ZATI ON DEI ONI ZED WATER PRODUCI NG SYSTEM AND
ELECTRODEI ONI ZATI ON DEI ONl ZED WATER PRODUCI NG APPARATUS 5 BACKGROUND
OF THE INVENTION 1. Field of the Invention The present invention
relates to an el ectrodeionization (hereinafter sinply referred to as
"EDI ") deionized water producing 10 apparatus used in the fields of
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Description o ated Art 15 As a net for produclng Ioni zed
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treated is force roug ion exchange resins. In this nethod
however, when the ion exchange resins are exhausted with |npur|ty
ions, it is necessary to apply a regeneration process using chem cal
reagents; In order to overcone 20 di sadvantages associ ated wi th such
a treatnment operation, a deionization deionized water producing

nmet hod has been devel oped apéxE€IIRYS ©ralchg ethigiragyEDl whi ch does
not require regeneration using chem cal reagents. In the

conventional, EPlqs1£ald eRLXENANGeenbr anes and anion 25 exchange
menbranes are alternately placed spaced fromeach other 1 and an ion

exchanger is filfgd pPeoyE ViBidiRliotPaeeatos Ned et Weedtrodeicnization
{hereinafter simply referred to as “EDI”) deionized water producing
10 apparatus used in the fields of wvarious industries such as
semiconductor manufacture, pharmaceutical manufacture, power
generation such as fossil-fueled and nuclear power generation, and
food industry and in research facilities.
2. Description of the Related Art
15 As a method for producing deionized water, conventicnally,
a method is known in which water to be treated is forced through
ion exchange resins. In this method, however, when the ion exchange
resins are exhausteq with impurity ions, it is necessary to apply
aregenerationprocessusingchemical reagents. Inorder toovercome
20 disadvantages associated with such a treatment operation, =
deionization deionized water producing method has been developed
and commercialized using EDI which does not require regeneration
using chemical reagents.
In the conventional EDI, cation exchange membranes and anion

25 exchange membranes are alternately placed spaced from each other



the cation and ani on exchange nenbranes to form desal i nation
chanbers. Power saving EDIs in which the structure of the
desal i nati on chanber is fundanentally changed have been devel oped in
pl ace of the 5 conventional EDI. Such a power saving EDI is
described in, for exanple, Japanese Patent Laid-Qpen Publication No.
2001- 239270 and has a structure in which ion exchanger (s) is filled
in two small desalination chanbers fornmed by a cation exchange

menbr ane onaRA&nSi&e exdfa@diONsexQhanga d0enerhhanapane tfenetiatveen
side, and an internedi ate i on exchange nenbrane positioned between
the cation exehangen AeiEdaiee ahdngbaefibt Ofes textdanies arenby sorecitambbos m
a desalination chanber consisting of the two snmall desalination
chanbers, arewaceatin ENDs chanheh ths guravtdedot ahehiethl snaldenafhaher
desal i nati on chanber via the cation exchange 15 nenbrane and the

ani on exchange foeddieane llandhihgedlesalel heenodevehepdverirand ache of the
concentrating chanbers are placed between an anode chanber having an
anode ané accatérodenehafider havi ng a cathode. Wiile a voltage is
applied, water to be treated is passed through one of the snal

desal i nati on charfvehs: pevrr 9eitiers EPok Agsoutbest 1p0fehexammld, Japanese
desal i nati on chanber is passed through the other small desalination
chanber, andatenicénifa®remdubticatisasied 2Rk oaghe thendduifcentratatugs
chanbers to renove inpurity ions derived fromthe water to be
treated, toibpharhidersmawerial éf fiWehinhvepnabfdeshldnakionctaf-ers
it is possible to enplog‘a configuration, for exangle, 25 having a
single i on EREREhEER 6REIAT GERATET BTUERERMYBEE 59BN 1Y 2D0F agfe

exchanger or having a m xed exchanger of an anio xchanger
glO membrané%ntheothers£ﬁg,gkganlntermedlage?ogegc gﬁgemembrane

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

25 having a single ion exchanger of only an anion exchanger or only



and a cation exchanger as the ion exchanger to be filled into at

| east one of the two small desalination chanbers. Wth such a
configuration, it is possible to reduce the electrical resistance 5
based on the type of the individual ion exchanger and to set the

t hi ckness to an optimum thi ckness of the ion exchanger for achieving
a high performance. \Wen, however, the hardness of the water to be
treated flowng into the EDI is high, scales consisting of calcium

car bonat e, a]&t%gré@:%ihﬁmgg'lygE%%@ﬁw%i%e'&%:!éh‘éﬁﬁgP%g%?r]e %r@irﬁ%éh%n&;g'@

concentrating chanber of “the EDI. Wen scales a
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increases and it becones nore difficult for the current to o)

other wordsjehs Urlelor k0aPRS Ysrt1GUHEERT 1 DAMLACA 33T Wil &0kn
value as in the case 15 in which no scale is forned, the voltage nust

be increasedongihratthds, #thesRRWRELEORSUARIYRNhNCBESESall Pesistance
addi tion, depending on the place of adhesion of scales, the current

density BRYb¥aEY of thentyddesconcentialdd ebardi@hangesWrld 8¢ ddt the
unevenness of current within the desalination chanmber. Moreover,

when the amabptkofssathesiopnidtn ehicarlseof shd Ubh BREhdereRseshhikheng
differential pressure through the systemis increased and the
vol tage i s huntdtemerforeasad, and, when the voltage exceeds the
maxi num vol t age of the apparatus, the current value is reduced. In
this case, a curviéeh, mewessar ghé Grrdnesyl nyeivansr carnzot rdze edpiilow kg
resulting in degradation of quality 25 of treated water. Furthernore,
there is al $ota Posdild lis ynighat sc8lay cvmssetlms dihtoaddéun ntarkoheteon
exchange menbrane to ultimtely
10 magnesium hydroxide, or the like may be formed in the concentrating
chamberof the EDI. Whenscalesare formed, theelectrical resistance
at the portion in which the scales are formed increases and it becomes
more difficult for the current to flow. In other words, in order
to apply a current having the same current value as in the case
15 in which no scale is formed, the voltage must be increased, and
thus, the power consumption increases. In addition, depending on
the place of adhesion of scales, the current density may vary within
the concentrating chamber, resulting in uvnevenness of current within
the desalination chamber. Moreover, when the amount of adhesion
20 of scales is further increased, the differential pressure through
the system is increased and the voltage is further increased, and,
when the veltage exceeds the maximum voltage of the apparatus, the
current value is reduced. In this case, a current necessary for

removing ions cannot be applied, resulting in degradation of quality

25 of treated water. Furthermore, there ig also a possibility that



break the ion exchange nenbrane. As a countermneasure for solving this
problem a nethod is knowmn in which water to be treated having a | ow
hardness i s passed through 5 the EDI. If the hardness of the water
to be treated is low, the solubility product is not reached inside
the concentrating chanmber, product “and therefore, no scale will be
formed. However, in reality, even when such water to be treated
having a | ow hardness is passed through and treated, there are cases

in which scakes ekatCas cintmud® ieabbomatien dMPARGE WBBY B ©Xodel L Rfakely
are formed within the concentrating chanber. In these cases,

probl enms si Brésit the tbasexchieger néed-aakove woul d be encount ered.
Japanese Patent Lai d-Open Publication No. 2001-225078 discl oses an
EDI in which an asiotowexchargetrdayt agla gpedisfomeblith, stetitbbdie kinswn
pl aced on the side of the concentrating chanber near an anion
exchange nembratnenh WwAtel tichbs tEBhtedhavidaisilve Ididdneberns @fsseH tiharsgb o
the concentrating liquid is accelerated by a surface of a porous
ani on exéhanpgertldnd IheheHhardresconf ety akien ton beheresiead ageldvs the
qui ckly reduced. On the other hand, it becones nore 20 difficult for
har dness i oaslulg lilgyrardeluchtic ndier¢amiede nofl de Hdepomeest ramingnchamber,
exchanger, resulting in reduced nunber of opportunities of contact
bet ween t hePOriudtors! Bhrr afeachapdrads viibhbe fammed cofsegjifentinreality,
i nhibition of deposition and accunul ati on of hardness conponents.
Japanese PafEémt “ SR EUFrenaPubltPc?t itoRa ey hevbpe #34%y drservsess PZ"ésaﬁ
EDI in which an ion exchanger to be stored in a concentratlng
chanber i ncFGH‘éL?halanfjeEE?a‘i% Fa§5EF SFafr AT’ di"f #BF et SSRdeEr © Calcwm

10 carbonate, magnesium hydronide, etc. are formed within the
concentrating chamber. In these cases, problems similar to those
described above would be encountered.

Japanese Patent Laid-Cpen Publication No. 2001-225078
discloses an EDI in which an anion exchanger having a specific

15 structure is placed on the side of the concentrating chamber near
an anion exchange membrane. With this EDI, a diffusive dilution
of OH ions to the concentrating liquid is accelerated by a surface
of a porous anion exchanger and the OH  ion concentration on the
surface is quickly reduced. On the other hand, it becomes more

20 difficult for hardness ions to intrude into the inside of the porous
anion exchanger, resulting in reduced number of opportunities of
contact between the OF ions and the hardness ions, and, consequently,
inhibition of deposition and accumulation of hardness components.

Japanese Patent Laid-Open PublicationNo. 2002-1345discloses

25 an EDI in which an ion exchanger to be stored in a concentrating



perneability with the layer having a snmaller water perneability
bei ng provided on the side of the anion exchange nenbrane and havi ng
ani on exchange groups at least on its surface. Wth this EDI, when 5
concentrated |iquid which has noved through the layer with a |arger
wat er perneability and having a | arge anbunt of hardness conponents
reaches the layer with the smaller water pernmeability, the nobility
of hardness conponents is reduced. Hence, flow of hardness
conponent s thambdrheistinfdeese aof ldmstside dfayele dmvong exthengat water
menbrane 10 near the concentrating chanmber is prevented, and
deposi ti on gadreadddinul aitlorhef lhaediessngonpordéits waeer phiikdedityn
Japanese Patent Lai d-Open Publication Nos. 2001-225078 and
2002- 1345, heweyerevidesr condetdigiesod dire eheowaterangs fragapplanddcaviog
the concentrating chanber are not specified and it is not clear 15
whet her or Abion kécherge skovpmEroieasarrrrbet peayvémed Withathongll eriren
operation. In addition, there is no description of any influences of
t he inventi 8ANGFN GG equdidui¢ BTl chfias RerceEn vadr theasayHevwival erlaggebe
supplied to the EDI, typically, perneated water of a reverse osnpsis
menbr ane i nWARFERSFAPRNEEY D1 pabiist ¢ Large 2nowet ef hpgdpreigRpryponents
desalinated is used. |Lna reverse osnmpsi s nenbrane, ion conponents are
renoved, bufeRPES ble J3¥e% “péf hdst T ILRF GGGRT PerBerR e/ rfdipgirid 1 1A%
such, free c r%%n di oxi de of high 6 concentratign which perneates
Uhrough ¢ heSheRBr AR hs TR di dEELGa8 wi FFPT et 1 Thi TrERESS
per neat ed water of .the reverse osm i% 25 nmenhrane., The free carbon
% BitreSdegs

components ll’]lto eosnuz:tfﬁgeg ’ hg@&éﬁg&)ﬁf} %nqerr%%nbrane

di oxi de is ananionic ( _
carbon qboxhggrlt%ea c\é’%gle(n%?a{tq_’ngl Ehgngnedrs igoprevented, and depeosition and

accumulation of hardness components are inhibited.

In Japanese Patent Laid-Open Publication Nos. 2001-225078 and
2002-1345, however, the conditions for the water to be supplied
to the concentrating chamber are not specified and it is not clear

15 whether or not the scale formation can be prevented in a long-term
operation. 1In additien, there is no description of any influences
cf the invention on the quality of EDI-treated water.

As the water to be supplied to the EDI, typically, permeated
water of a reverse osmosis membrane in which tap water or industrial

20 waterisroughlydesalinatedisused. Inareverseosmosismembrane,
lon components are removed, but most of gases permeates through
and is not removed. As such, free carbon dioxide of high
concentration which permeates through the membrane as carbon dio;{ide
gas will remain within the permeated water of the reverse osmosis

25 membrane. The free carbon dioxide is an anionic load on the EDI,



remain in the treated water, bringing about inferior water quality.
Because of this, a carbon di oxide renoval device such as a nenbrane
degassi ng apparatus is provided upstream of the EDI to thereby supply
5 water in which carbonic acid is renoved to the ED to reduce the

| oad of carbonic acid and to consequently inprove the quality of the
treated water. Mreover, this nethod for providing a cabon dioxide
renoval device is also effective for inproving the silica renova
performance; i ghchisdoe ¢-bLi Glilbbont @i d:8RRVEs thaBakaben 10 «Hn@xi ge.
Therefore, when a high purity is required for the quality of the

treated wat gfpaich £aERON Aboxhd@teeMBYahgURViESH Snfadui-neder JlQURYS
even when a carbon di oxi de renoval device Is provided upstream of the

EDI, the treaiftonet @hidf o beriv B0k idieOxdndRall &g ak sudavi<£e rcmbdsed
as the water to be treated in the EDI and the concentrate 15 water

in the ED , qégihsangaitpana €X€ Napgeridsd iiitiedfd fighetHg wofearbyatibpby
chanber on the side of the anion exchange nenbrane near the anode in
order tos5obt&idr Ainghnpih idaybguad idaidois theotegaiedhe VBt e tdBroe ane
cases in which scales of hardness conponents or the like are forned
in a | ong-tesad efecath@nc 201 SUMAARY €nsEkireh NNVENTLON T hdepgesienty of
i nventi on advant ageously provides an EDI in which water having free
car bon di oxtie tirsasepphatesk t oMareorcent bt imeghodhbemherrofvitiied anicehomn
ani on exchanger on the side of an anion exchange 25 nmenbrane near an
anode. Wt hdidwislestemetak devior at e of fextdiveston impraiyima hke silica
concentrating chanber can be inhibited even in a long-term
removal performance which is more difficult to remove than carbon
10 dioxide. Therefore, when a high purity is required for the quality
of the treated water, a carbon dioxide removal device is required.
However, even when a carbon dioxide removal device is provided
upstream of the EDI, the treated water of the carbon dicxide removal
device is used as the water tobe treated in the EDI and the concentrate
15 water in the EDI, and an anion exchanger is provided in the
concentrating chamber on the side of the anion exchange membrane
near the anode in order to obtain high purity quality of the treated
water, there are cases in which scales of hardness components or
the like are formed in & long-term operation.
20
SUMMARY OF THE INVENTION
The present invention advantageously provides an EDI in which
water having free carbon dioxide is supplied te a concentrating

chamber filledwithan anionexchanger onthe side of an anion exchange

25 membrane near an ancde. With this structure, formation of scales



operation. In addition, an anion exchanger is placed within the
concentrating chanber on the side of an ani on exchange nenbrane near
an anode and a water perneating material having no strong basic 5

ani on exchange group is provided between said ani on exchanger and a
cation exchange nmenbrane. Wth such a structure, because the anion
exchanger substantially does not conme in contact with the cation
exchange nenbrane, bicarbonate ions which have passed t hrough the

ani on eXChaQQ%iI@E)‘ge ?bﬁéé}&%@ %Qgtch oSt L eam 4l:0Rg i ar'fon]go—term

concentrate water ore the bicar onate Ions reach the ca

exchange ”egpé%onandlﬁ husi ¢ degr adakih o, 'chB%eCIUQE' JYac%fd Ef@rﬁt edne
water can be prevented. According to a first aspect of the present

i nventi on, EQ@&&tﬂa%lH&oyﬂﬁx%raBnEQhe delyenbzed, wat ek LI QAUGE Nkmbrane
apparatus conprising, ~15 between an anode chanber having an anode

and a Catth@aﬁQﬁ@@%ﬁehﬁMﬂan@e§%k9ﬁgg%lf?ﬁk%@%&hm%%h@ﬂg%Qaﬁg%hg%BSlc
whi ch a side near the anode 1is separated by an ani on exchange

nmenbr anesangn gosietenaegd girbep Cid POER: ddSpsepAmat L BY ian GlcheAger and
exchange nmenbrane, and a concentrating chanber in which a side near

the anode i3 caepai akéthrie Mertatned 2Q texGBARGR riBHRIHNes caissitie anea
the cathode is separated by an anion exchange nenbrane, and an ani on
exchanger i sxétddeed bubstwntdnade dedisdacofcdreimnionnaex ohiamgehe cation
menbrane. In the EDI deionized water produci ng apparatus, water
havi ng fr eeerardigre demxiae,i sicsiygniaed idne thiehchmoepteatd nyrobgEnbee .
25 mechani sm for the formation of scales within the EDI will 7 now
be scri bedniMhesrcaggerentei digpplededoi nhandEDistreanbehmy with the
10 concentrate water before the bicarbonate ions reach the cation
exchange membrane, and thus, degradation in the guality of treated
water can be prevented.
According to a first aspect of the present invention, there
is provided an EDI deionized water producing apparatus comprising,
15 between an anode chamber having an anode and a cathode chamber having
a cathode, a desalination chamber in which a2 side near the ancode
is separated by an anion exchange membrane and a side near the cathode
is separated by a cation exchange membrane, and a concentrating
chamber in which a side near the anode is separated by a cation
20 exchange membrane, a side near the cathode is separated by an anion
exchange membrane, and an anion exchanger is fillied in the anode
side of the anion exchange membrane. In the EDI deionized water
producing a.pparatus, water having free carbon dioxide is supplied

to the concentrating chamber.

25 A mechanism for the formation of scales within the EDI will



acid (carbon dioxide) (a collective termwhich includes free carbon
di oxi de, bicarbonate ions, and carbonate ions) in the water to be
treated is captured by an ani on exchange resin as carbonate ions 5 by
actions of a |large amount of hydroxi de ions generated by

di ssoci ati on of water in the desalination chanber. The carbonate

ions pass through the ani on exchange nenbrane on the side near the
anode al ong with hydroxide ions and ot her anions such as chloride

i ons capturggd, by g resid. awﬁeﬁmaV%uwqusCQ&&ﬁw %'4193%2 r:r%ﬁbonlg

Because of this, the pHiIn a region of the concentrating c

near the anjepq q&ﬁb@&gelaﬁﬂ@é)ang chogablydecamme Al alides diekell;3en

har dness ions such as cal ciumions and nagnesi umions captured by a

cation exchangei de&Sbicansbnasseshd h@HHQ’!&ﬂJBQa@@tl'OQQI]Q%Chl@@%ter to be
menbrane accumul ate on the surface of the anion exc ange nenbrane 15

in the conceptsadd NG ehgibasd byhan.ank B HaHRaRatediangs andpbhfe ions
hydroxi de ions come in contact with the calciumions and nmagnesi um

ions, resul byn@ctioMteposi hi 0BrHé b it £ i RRdat 8 ANEh TBGNASHHBY by
hydrOX|de as scal es. Wien an ani on exchanger is present on the anode

si de of thediz2é@nitaBnexchange i ohé akeal Inddiencomaent! atinegcehairhes
as in the first aspect of the present invention, the carbonate ions
and hydr oxi dens ipans fJassighgtidirotigh exbbaads aamexahwmogehwesitaneatdahe
not nove to the concentrate water, but instead, pass through the
ani on exchargede alaupng td hivdhoxigirdicts wntlyotHemt dm Sorpr seds g5 oifleride
free carbon dioxide 25 is included in the concentrating water flow ng
t hrough t heio8s coptened &1y fige civaribernd thge faceehe aohoantizgxindechazdets
with-the
10 Because of this, the pH in a region of the concentrating chamber
near the anion exchangemembrane locallybecomes alkaline. Likewise,
hardness ions such as calcium ions and magnesium ions captured by
a cation exchange resin and passed through the cation exchange
membrane accumulate on the surface of the anion exchange membrane
15 in the concentrating chamber. Then, the carbonate ions and the
hydroxide ions come in contact with the calcium ions and magnesium
ions, resulting in deposition of calcium carbonate and magnesium
hydroxide as scales.
When an anion exchanger is present on the anode side of the
20 anion exchange membrane in the concentrating chamber as in the first
aspect of the present invention, the carbonate ions and hydroxide
ions passing through the anion exchange membrane do nct move to
the concentrate water, but instead, pass through the anion exchanger

havingahighconductivity. Inthisprocess, whenfreecarbondioxide

25 is included in the concentrating water flowing through the



carbonate ions and hydroxide ions f |ow ng through the anion
exchanger to form bicarbonate ions. The bicarbonate ions are finally
di scharged into the concentrate water on the anode side of the anion
5 exchanger. Because cal ci um bi carbonat e and nagnesi um bi car bonat e
are far less likely be deposited than cal ci um carbonate and nagnesi um
hydr oxi de, generation of scales within the concentrating chanber can
be inhibited. In addition, the bicarbonate ions released into the

concentrat e\t Lk Le8GE ScinbBrNYERO0ER | @RSL M Bhxhayerpassedidl the
t hrough the cation exchange nenbrane fromthe other side to form

free carbon. dii-4¢ ichB@nkihgar &2 RO OXwd8g thHsu Qb ad edntaRnbAGH:
react wth the carbonate ions and hydroxide 1ons within the ion

exchanger downstigam &frddiaceoncant r atrhagnebamhigiatel Nohbi sremmaaslly
according to this aspect of the present invention, a shift in pH 15

whi ch may of e $8406EWIt i ¢dtiderithet 6 @REENbh ahienthoelaastiveroMers anide
ani on exchange nenbrane can be alleviated. According to a second
aspect of thecHureRsent ddrsaestidcncibheriearbengieoaidadgass kbl bdeirdonhzed
wat er produci ng apparatus conprising, between an anode chanber
havi ng an aspdeaandsalchs hooedepasnberd teawidagc20m aacadrird@esndanagnesium
desal i nati on chanber in which a side near the anode is demarcated by
an ani on excange depnipreretand of sicdéedeathihehecatiodd resine mheoheed
by a cation exchange nenbrane, and a concentrating chanber in which
a si de nearcaheeanddéeitsddedarazdiigd onbythg igairbaneie Aang e cheadrhhato
and a side near the cathode is demarkated 25 by an ani on exchange
menbr ane anthewrioshenbrrtentp e T rgachamiéh hydrogen|jqnedwipidhhaveiPREBee

i on exchanger of an ani on exchanger and a
10 “through the cation exchange membrane from the other side to form

free carbon dioxide. The free carbon dioxide thus ocbtained can then
react with the carbonate ions and hydroxide ions within the ion
exchanger downstream of the concentrating chamber. Inthismanner,
according to this aspect of the present invention, a shift in pH

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

According to a second aspect of the present invention, there
is provided an EDI deionized water producing apparatus comprising,
between an anode chamber having an anode and a cathode chamber having

20 a cathode, a desalination chamber in which a side near the anode
is demarcated by an anion exchange membrane and a side near the
cathode is demarcated by a cation exchange membrane, and a
concentrating chamber in which a side near the anode is demarcated
by a cation exchange membranéandasidenear the cathode is demarkated

25 Dby an anion exchange membrane and which concentrating chamber is



cation exchanger. Water having free carbon dioxide is supplied to
the concentrating chanber. In the second aspect of the present

i nvention, because a cation exchanger for supplying hydrogen is 5

m xed with an ani on exchanger and the m xture exchanger is used to
fill the chanber, the bicarbonate ions noving through the anion
exchanger becone free carbon di oxi de before the bicarbonate ions
reach the cation exchanger by an action of hydrogen ions supplied
fromthe catigRyexchanoetixande A& LRERASRT bht o tha ofostalingateadd a
wat er. Because of this, it is possible to prevent an increase in a

concentrati ot iQh di@RncarbomadiotAenpaaeetdavoatdioRiexGhangmlied to
menbrane and to alleviate influences upon the quality of the treated

wat er. Accoyyli R@ntenerdthingd caspest. ofn tihe peesentaspB¥endd ahe bresent
15 preferable that, in the structure of the first aspect of the
present i N4eREOBs, i¥kddeeCanefiildnatikfighrefeanber , supplath® myedoham gier
is provided on the anode side of the anion exchange nenbrane and a
wat er pey nead:idagwireh e alnivhi ehcldoeernatd tavendxsircorgcirmsier ani osed
exchange group is provided between the ani on exchanger and the cation
20 exchangetasrgtibr ahe. ctAaterdi tige bocd Henbhi ribnaspecingofh tdughpries emton
i nvention, because the anion exchanger does not cone in contact the
cati on exchangengrenyrame Fne¢ harbonchmxideivrfochairebicapeonate ions
concentration of the free carbon dioxide near the cation exchange
menbr ane doesagioth@Zatneoneasdiangal hes adtionsofpbgdriden {L‘é“?)r‘sé‘%g’fed
degradation of quality 10 of the treated water. Specifically,
because a wat@Er tp@rp@@tqm@xchanger and are released into the coricentrate

10 water. Because of this, it is possible to prevent an increase in
a concentration of free carbon dioxide near the cation exchange
membrane and to alleviate influences upon the guality of the treated
water.

According to a third aspect of the present invention, it is

15 preferable that, in the structure of the first aspect of the present
invention, in the éoncentrating chamber, an anion exchanger is
provided on the anode side of the anion exchange membrane and a
water permeating material which does not have a strong basic anion
exchange group is provided between the anion exchanger and the cation

20 exchange membrane.

According to the third aspect of the present invention, because
the anion exchanger does not come in contact the cation exchange
membrane in the concentrating chamber, the concentration of the
free carbon dioxide near the cation exchange membrane does not

25 increase, and thus, it is possible to prevent degradation of guality

10



mat eri al having no strong basic ani on exchange group is provided on
the side near the cation exchange nenbrane, the bicarbonate ions
nmovi ng fromthe ani on exchanger cannot further nove to the side 5
near the cation exchange nmenbrane at the water perneating material,
and are rel eased fromthe ani on exchanger and becone free carbon

di oxide. This free carbon dioxide is diffused to the downstream
along with the concentrate water f |ow ng through the water

per meating ogﬁ%}g{ g:?'le?}:ggq%arét%%gh Eia{!edi_%iggﬁf},blb_@c&t?sé)ra_e\ﬁﬁegrtﬁﬂ.ﬁrmeating

concentratio oxi de fromincreasing near the

cat | on exchagge: JTPRBLANF noASERIHY BYs10 FibAUdhaABREpIo R 1t Novided

present invention, It is preferable that, in the Structure of the

second aspegh 1@f 4R MBS cak DYERLERENgd REMSAXE YNl BILHXehANI EEns
filled into the concentrating 15 chanber is a m xture ion exchanger

in which theacpeisenbagendfartahi erchHxehangeiod Sukhedeaned £6 anet bide
si de near the anion exchange nenbrane toward the cation exchange

menbranes Agesr @hBGatdohRechotdd Remspatd at @fe Wh€e ppesesd t iinguettiet-oa,,
in addition to the advantages identical to those in structure of the
second aspeahd HeCadseaddie fpencaid ageoR exehahder anbore@xehéngercaabon
the side near the cation exchange nenbrane is |ow, the concentration
of the freedtarbin diodd deeneamrbchedtatiden iseXicifange trerrheatercanede
nore reliably reduced. According to a fifth aspect of the present

i nvention, klLongwipreierabienthae vaher fhtwingidrbagk tpprheer permepeing
concentrating chanber 25 has a concentration of free carbon dioxide
of 0.5 ng- O82kgrialgoend1ghyfy- GH21 9. PORTEPER OF R PrEVERS PGS SPRFF L LR,

for exanple, water . . .
10 of free carbon dioxide from increasing near the cation exchange

menbrane.

According to a fourth aspect of the present invention, it is
preferable that, in the structure of the second aspect of the present
invention, the mixture ion exchanger filled into the concentrating

15 chamber is a mixture ion exchanger in which the percentage of cation
exchanger is increased from the side near the anion exchange menbrane
toward the cation exchange membrane. Acceording to the fourth aspect
of the present invention, in addition to the advantages identical
to those in structure of the second aspect, because the percentage

20 of the anion exchanger at the side near the cation exchange membrane
is low, the concentration of the free carbon dioxide near the cation
exchange membrane can be more reliably reduced.

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

25 has a concentration of free carbon dioxide of 0.5 mg-CQz/1 - 200

11



pretreated with a reverse osnosis nenbrane in which tap water or
industrial water is roughly desalinated. According to a sixth aspect
of the present invention, there 5 is provided an ED deionized water
produci ng apparatus (EDI) conprising, between an anode chanber
havi ng an anode and a cat hode chanber having a cathode, a

desal i nati on chanber in which a side near the anode is demarcated by
an ani on exchange nenbrane and a side near the cathode is denarcated
by a cati omexxhahge Thenbfare, ii10iangossidkdrcent nad,i fyrchaatelre hawiay
a side near the anode dermarcated by a cation exchange nenbrane, a

si de near tineetcafiedeviddmar cenade bymegisameoprae hangel aretrbp arrgerand
t he anode side of the anion exchange nenbrane is filled with an

ani on exchamgbrstrPppesatae igr ovigeld dadalooriedet ed such that treated
wat er of a decarbonat or device provided 15 upstream of the EDI

dei oni zedwat er pPedordyy apparakt’ dspechtefodhe axresent cdiraehéeedn pitperof
the water to be treated by the EDI deionized water producing

appar at us ah¥l PReVikgtdernt e deteat etf by tdte PrRSLa BONAAT 2de Vi dEPT )
introduced into a feed pipe of concentrate water of the ED

dei oni zed mﬁ?‘@rlﬁﬁﬁauéﬁ%ﬁeé‘bﬁé’r aeUEe CQ@“%bB?‘d%%a’t‘&“&d%V@nﬂFaé@B%t
of the present invention, there is provided an EDI deioni zed water
produci ng appFIr&tu EaE’o'fﬁ)tal §Fﬁt§)°de'b€t9\%%arjrl&ﬁtb%d@af9ﬁ%ﬁﬂé’r Wﬁé@i‘ﬁgséﬂe
anode and a cat hﬁde ch%errber havi n gi%at hode, a desali nat on chagber
in which a 8t "A8af™4fe 10 r 525 2d raélaf“éh"rbfxﬁﬂa%‘-’rﬁ (‘Fﬁ ﬁ%‘h%r"i‘&
menbr ane and, SI de near the 25 qat hod |s denar.c

exchange me b ahe g & thf’fleconcen raetl ngb}éﬁ1 1 tlon exc\%a’ngﬁ membr g%

near 't h?O angrg(?alcson%%ggggﬁnegdchamber having a side near the anode demarcated

by a cation exchange membrane, a side near the cathode demarcated
by ananion exchangemembrane, andthe anode side of the anion exchange
membrane is filled with an anlon exchanger. Pipes are provided and
connected such that treated water of a decarbonator device provided

15 upstreamof the EDI deicnizedwater producingapparatus is introduced
into a feed pipe of the water to be treated by the EDI deionized
water producing apparatus and the water to be treated by the
decarbonator device is introduced into a feed pipe of concentrate
water of the EDI deionized water producing apparatus.

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

25 cathode is demarcated by a cation exchange membrane, and a



by a cation exchange nenbrane and a side near the cathode is
dermarcated by an ani on exchange nenbrane, and which concentrating
chanber is filed with a m xture ion exchanger of an ani on exchanger
and a cation 5 exchanger. Pipes are provided and connected such that
treated water of a decarbonator device provided upstream of the EDI
dei oni zed water producing apparatus is introduced into a feed pipe
for water to be treated by the EDI deioni zed water producing

appar at us anéncdheawahgrchiaobde ihr@atada Byl deheeadetior bondé dis demdrceted
introduced 10 into a feed pi pe of concentrate water of the ED

dei oni zed wabentpooducharpeappdrahesnd Actdediengthecanhadayi dereesgeted
of the present invention, it is preferable that, in the ED

dei oni zed wayemn pnbducizehasgpacabisne agoondiing ¢acehersevranthamrets
of the present invention, the m xture 15 ion exchanger in the
concentr at i Aiglehanber nigtaraiixherehpogeret hargéern sxghahgehard a cation
percentage of the cation exchanger increases fromthe side near the
ani on exé&hangeharerer. andieovened 1ové ded end g cBRe FAToRIC IEfT Hif@t ed water
According to a ninth aspect of the present invention, there 20 is
provi ded ancEDt drsiaghirpeteivdiesicpryqiididng wWwpdearust ddpEPSi FRyonized
bet ween an anode chanber having an anode and a cat hode chanber having
a cat hode, A Hes BFPARET S SEPRATIER 1 RAF CHNGE S LG Aeeck AP ARBAAATFE
demarcat ed by an ani on exchange nenbrane and a side near the cathoge
i s demar cat 8 By tAeehef Y ERe g HEASh 82 L e PTRU9E HH AEBAT FHES AD
chanber in which a side near the anode |s denmarcated .13 .by.a cation
exchange mefBFf df-eTateikfe thgared ke EAt f#oeﬁé‘rggnﬁeoﬁasg‘éjfceed 1958k et 2l

10 into a feed pipe of concentrate water of the EDI deionized
water producing apparatus.

According to an eighth aspect of the present invention, it
is preferable that, in the EDI deionized water producing apparatus
according to the seventh aspect of the present invention, themixture

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

According to a ninth aspect of the present invention, there

20 is provided an EDI deionized water producing apparatus comprising,
between an anode chamber having an anode and a cathode chamber having
a cathode, a desalination chamber in which a side near the anode
is demarcated by an anion exchange membrane and a side near the
cathode is demarcated by a cation exchange membrane, and a

25 concentrating chamber in which a side near the anode is demarcated

13



by an ani on exchange nenbrane, an ani on exchanger is provided at the
anode side of the anion exchange nenbrane, and a water perneating

mat eri al having no strong basi c ani on exchange group is provided 5
bet ween the ani on exchanger and the cati on exchange nenbrane.
According to a tenth aspect of the present invention, there is

provi ded an EDI deionized water producing apparatus in which the
upstream decar bonat or device is omtted and perneate water of a

reverse 0SNP§iaSc4BRIAabey nefbtsnd]i £ ettt etisetleasthbee Wat dimat@at ed
be treated and water to be supplied to the concentrating chanber,
the EDI dei ppizZednyeh efxchende Gien@rapparat dsicomachshayy; ibepweeniedant
anode chanber having an anode and a cat hode chanber having a

cat hode, a desahbvdabionochasherohrxehande Besimesnean & et anpdaneirs ing
dermar cat ed by an ani on exchange nenbrane and a side near the cathode
15 i s separatesriey nzcatd an exohmanyesierbianexmhdnghicivupass tparvs ded |
desal i nati on chanbers separated by an internedi ate i on exchange
menbr anes pr bytwkech bhetwesipt kechmiasr exdhbimgyeariabramdaand PROIEALH On
exchange nenbrane, and a concentrating chanber in which a side near
the anode i s sepdcabedity ta zdehdh aspehtmfe themeanet dnyeatipee theore
near the cathode is separated by an ani on exchange nenbrane and _
which is fi liberiramidadaaniBGIuceiPoirask TRARYEIT GHCHRI AHPGHE2ERE hidhg8i-ch
and a cation exchanger. According to an el eventh aspect of the
present i nvEREiUPELTERRCECarROMFIGF BRY %nt ENNIGEPD Andebe KRaaEs vater of
produci ng apparatus in which 25 the upstream decarbonator device. is
onmitted and2pEY¥Edfe OfaPers JEmPIane qedvEr sk° JEMBETSY mMSThr 5ﬁe§bee\‘/“'f“58r

is directly used a r , .
10 yto be tresate taend tgé)tel?reto be supplied to the concentrating chamber,

the EDI deionized water producing apparatus comprising, between
an anode chamber having an anode and a cathode chamber having a
cathode, a desalination chamber in which a side near the anode is
demarcated by an anion exchange membrane and a side near the cathode
15 is separated by a cation exchange membrane and which has two small
desalination chambers separated by an intermediate ion exchange
membrane provided between the anion exchange membrane and the cation
exchange membrane, and a concentrating chamber in which a side near
the anode is separated by a cation exchange membrane and a side
20 near the cathode is separated by an anion exchange membrane and
which is filled with a mixture ion exchanger of an anion exchanger

and a cation exchanger.
According to aneleventh aspect of the present invention, there
is provided an EDI deionized water producing apparatus in which

25 the upstream decarbonator device is omitted and permeate water of
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treated and water to be supplied to a concentrating chanber, the ED
dei oni zed wat er produci ng apparatus conprising, between an anode
chanber having an anode and a cat hode chanber having a cathode, 5 a
desal i nation chanber in which a side near the anode is separated by
an ani on exchange menbrane and a side near the cathode is separated
by a cation exchange nenbrane and which has two snmall desalination
chanbers separated by an internedi ate i on exchange nenbrane provided

bet ween t he,ani QR seXsHRRIE rﬁ‘@ﬂﬂ%%ﬁ@%éb&@etb@ BabLery exehangqaertcane,
10 and a concentrating chanber in which a side near the anode is

separated byef £LALKANHEENEHAR BBRPPIANE toda dARALRI e chathadeths
separated by an ani on exchange nenbrane, an ani on exchanger is

pl aced on t BB qa0SEE: i iR 0fp rbhec By S¥baueharenp AR GENRLwaBd awahede
perneating material having no strong basic ani on exchange group is

provi ded 15chetmeenat:hfg ati GRoeX Cliangetatishid kaampdt oravenghangahode,
menbrane. Wth these EDI deionized water producing apparatus, it is
possi bl est oar@ldaabhyt appkyatbdri hatikhra epee atdangtfenaibile dei vaazeted
wat er produci ng apparatus as descri bed above. In particular, in an
EDI dei oni zed anwainébn pratacdegesippakeatkis fiedd mge rat idesat Hagatiisore@fated
chanber with two small desalination chanbers separated by an

i nt er redi at byi=natekaharge:menbersneangr ovd dedclhéercew shellafgenlination
exchange nmenbrane and the cation exchange nmenbrane, it is possible
to onmit thechastematarenetdeonrbonatoned@riecenar¢hpogasent i qreaveace
wat er of the reverse osnosis nenbrane device directly as the water 25
to be treatéét@ﬁﬂﬁW%ﬁ%#lQWﬁHﬂ@a§a%EFmQ%PQQﬁQQﬁﬁaéﬁﬁééﬁﬁﬁab?ﬁﬁfTﬁ%&ﬁﬁé?r

15 résulting in a reduction of installation, cost.
and a concentrating chamber inwhicha side near the anode is separated

by a cation exchange membrane, a side near the cathode is separated
by an anion exchange membrane, an anion exchanger 1s placed on the
ancde side of the anion exchange membrane, and water permeating
material having no strong basic anion exchange group is provided

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

25 to be treated and water to be supplied to the concentrating chamber,

15



BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a schematic diagram
showi ng an EDI deionized water 5 producing system according to a
preferred enbodi nent of the present invention. Fig. 2 is a schematic
di agram showi ng an EDI deionized water produci ng system according to
anot her preferred enbodi ment of the present invention. 10 Fig. 3 is
a schematic diagram showi ng an EDI deioni zed water producing system
according to still another preferred enbodi nent of the present

invention. Fig,, 4,52 scheqatis, diagnamshowino.an EDI dei oni zed

wat er produci ng system according to yet another preferred enbodi nent
of. 15 the present invention. Fig. 5is a sinplified diagram show ng
a structure of an EDI deionized water producing apparatus accordi ng

to a preferred enbodi nendriel bhe-fIPeSEtor RENbRAMINGS 9. 6 IS a
sinmplified diagram showi ng a structure of an EDI 20 dei oni zed wat er

produci ng appar atyg, ac¢ordihsed ian@ihempirfangesh corhedibaenty Qbebhe
present invention. Fig. 7 is a sinplified diagram show ng anot her

exanpl e 5 st predidiagafyA aONCRRHIAY kBG Ehardiekd 2DoPERGR BTN esent
PREFERRED EMBCODI MENT 16 [ Exanpl e structure of an EDI deionized water

produci ng apparativsl An exanple structure of an EDI deioni zed water

produci ng apparatus suitable for use in a preferred enbodi nent of the

pr esent Fig. 2 is a schematic diagram showing an EDI deicnized water
producing system according to another preferred embodiment of the
present invention.

10 Fig. 3 is a schematic diagram showing an EDI deicnized waterx
producing system according to still another preferred embodiment
of the present invention.

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

15 the present invention.

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

Fig. 6 is a simplified diagram showing a structure of an EDI

20 deionized water producing apparatus according to another preferred
embodiment of the present invention.

Fig. 7 is a simplified diagram showing another example

structure of a concentrating chamber,

25 DESCRIPTICON OF PREFERRED EMBCDIMENT
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invention will now be described referring to Fig. 6. Between an 5
anode chanber 32b havi ng an anode 37 and a cat hode chanber 32a having
a cathode 36, desalination chanbers D, each of which has a side near
t he anode 37 separated by an ani on exchange nenbrane 34 and a side
near the cathode 36 separated by a cation exchange nenbrane 33 and
concentrating chanbers 31, each of which has a side near 10 the anode
37 separated by the cation exchange nenbrane 33 and a side near the
cat hode 36 separakes:hythhe aMbaremaxedadigecaemieangroB4iayeapparatus]
alternately provided. An upper portion of the desalination chanber D
is filled wth an apimsid Girexchanget aA a@nt asiovierdpesteorpmiduthey
desalination 15 chanber Dis filled with a mixture ion exchanger in
whi ch an anipfedaansexchabferfoanteaicatpamieroad exbhditgert af ¢haipredentOn
the other hand, a side of the concentrating chanber 31 near the
anode is setpasratied biyll hewchtidrscexbbangdemeihy doweF38, @ shelevesh &he
concentrating chanber 31 near the cathode is separated by the anion
20 exchahgeaneidebareo 343 2kanal ezt anedn BT aril pgeatrafahagher S$2ahaV&ad
with a m xture ion exchanger of an anion exchanger and a cation
exchanger. TheatitmieeR6hatrpedinatben fabphkers .t Kackeshlinighi bas chanber
Dis not limted to those specifically described above, and may 25
al t er nat i vehgahahenpyodm 3dnEepritelaby e 631 o1 FFPHnde CMPsAnx¢hahde
17 resin, or only a mxture ion exchange resin, dependi ng on water

to be treatadidenngircfhg Ghevres, 3tastre@tefdnt ai @EPP FEdBee LERg

cat hode _ , .
33 and concentrating chambers 31, each of which has a side near

10 the anode 37 separated by the cation exchange membrane 33 and a
side near the cathode 36 separated by the anion exchange membrane
34 are alternately provided.
An upper portion of the desalination chamber Dis filled with
an anion ion exchanger A and a lower portion of the desalination
15 chamber D is filled with a mixture ion exchanger in which an anion
ion exchanger and a cation ion exchanger are mixed. On the other
hand, a side of the concentrating chamber 31 near the ancde is
separated by the cation exchange membrane 33, a side of the
concentrating chamber 31 near the cathode is separated by the anion
20 exchange membrane 34, and the concentrating chamber 31 is filled
with a mixture ion exchanger of an anion exchanger and a cation
exchanger.
The ion exchanger to be filled in the desalination chamber
D is not limited to those specifically described above, and may

25 alternativelybe onlyananionexchange resin, only a cationexchange

17



36 and the anode 37, water to be treated is supplied froman 5
introduction line 41 for water to be treated, and concentrate water
is supplied froman introduction line 45 for concentrate water. In
addi ti on, cathode water and anode water are supplied respectively
froman introduction line 47a for cathode water and an introduction
line 47b for anode water. 10 The water to be treated flowng fromthe
introduction line 41 for water to be treated flows down the

desal i nati op, ghanger B i miRi e '1%Uékéﬁaﬂg%n§e§-{r§ Rpey&thywinl Qatdre

water to be treated passes through the filled layers of the anion

exchanger A.and the,c&g xture ion exchanger M and deionized water is
obtained froman 15 exit line 44 for deionization water. The

concentrate wat ek, fd QN OGhiem ther bRt FQauUCE i:pP1lddBedBeed Bhe cathode
concentrating water nmoves upwards in each concentrating chanber 31

and recei vesg Wididhd heceeneent yatd g £ hamiekeat 8puL$ t yugranednmavbmgan
t hrough the cation exchange nenbrane 33 and t hrough the anion

exchanges 20; midaaneos4 188011 Ppikkter Lons: tMasted, téwiotighrenhent « et er
i on exchanger 39. The concentrate water is then discharged from an
exit line 46s fppbleoacerin ahi Dot odvarchesn asineoddehitr atcadentt e ivater.
which inpurity ions are concentrated. Mreover, the cathode water

fl owi ng from theitint, ochtdicdenvattenend2mod@aator acatshpdéisdhrespdasively
di scharged froman exit line 48a for cathode 18 water and the anode
wat er fl ow fAgerf pointthediat yaodlbtd dhz [foneadbde figkenrodeamaneroqustion
di scharged froman exit line 48b for anode water. Wth these

oper ati ons, limpurct ok orrds WAEert he water to be

10 The water to be treated flowing from the introduction line
41 for water to be treated flows down the desalination chamber D
in which impurity ions are removed while the water to be treated
passes through the filled layers of the anion exchanger A and the
mixture ion exchanger M, and deionized water is obtained from an

15 exit line 44 for deionization water.

The concentrate water flowing from the introduction line 45
for concentrating water moves upwards in each concentrating chamber
31 and receives within the concentrating chamber impurity ionsmoving
through the cation exchangemembrane 33 and through the anionexchange

20 membrane 34 andimpurityionsmovingthroughthemixture ionexchanger
39. The concentrate water is then discharged from an exit line 46
for concentrating chamber as concentrated water in which impurity
iens are concentrated.

Morecver, the cathode water flowing fromthe introduction line

25 47a for cathode water is discharged from an exit line 48a for cathode

18



treated supplied fromthe introduction line 41 for water to be
treated 5 are electrically renoved and dei oni zed water from which
the inpurity ions are renoved is obtained at the exit line 44 for

dei oni zed water. In addition, concentrated water in which inpurity
ions are concentrate is obtained fromthe exit line 46 for
concentrated water. The ED deioni zed wat er produci ng apparatus may
alternatively 10 be forned in a configuration as shown in Fig. 5 A

structure of,.s desalinabhan SRAEDELod D bl G907 LOWALIRN I Ssne o

descri bed in Japanese at ent Lai d- Ope cation

As Shown i el gnod, wh0e 20 BRI HleL o 260k WALSK « PFOLUEING, A0ABLALYS e

10a, desalination chanbers D an oncentrati ng chanbers are

alternately proviged @%%@B%I%Qi@HQQQm%DQ{W&oﬁ%ﬁvj{lﬁ\éhnﬂneal@aégpg% B

and a cat hode chanber 32a having a cat hode "36. desal I nati on

chamber D, @ -&itde Hpphibheranode ih e JdRIRE AL 8fe BY f@:E&o%EEP@o%Ct!}%QQSd

menbrane 34 and a side near the cathode is denmarcated by a cation

exchanges mesy anect3d caang rbhgvalesah hadA 10R aGRRRR & o HA RN ESplL WO 0
smal | desalination chanbers d, and d2 separated by an internediate

i on exchangsoEabs aBeodal Pf ovt datkdet weerxt heiapiar exeiandeguEbeane
34 and the cation exchange nenbrane 33. On the other hand, in the

concentrating ebantiem,3lcortesitdetaeanatdie anodrits separadedibys bhe
cation exchange nenbrane 33 and a side near the cathode is 25
separ at ed byorideatantensekchanget nenbiaaei 34 naanél £bheosoncentedtiangr .
19 chanber 31 is filled with a m xture ion exchanger 39 of an anion
i on exchanger an@he Efdtdednnioer exthapgeiuciAg aphewntusmiheltowertively
portion of Fig. 5, a desalination chanber
10 be formed in a configuration as shown in Fig. 5. A structure of
adesalinationchamber in this configuration isdescribed in Japanese
Patent Laid-Open Publication No. 2001-239270.
As shownin¥Fig. 5, inanEDIdeionizedwater producing apparatus
10a, desalination chambers D and concentrating chambers 31 are
15 alternately provided between an anode chamber 32b having an anode
37 and a cathode chamber 32a having a cathode 36. Inthedesalination
chamber D, a side near the anode is demarcated by an anicn exchange
membrane 34 and a side near the cathode is demarcated by a cation
exchange membrane 33, and the desalination chamber D comprises two
20 small desalination chambers d; and d; separated by an intermediate
ion exchangemembrane 35 providedbetween the anion exchange membrane
34 and the cation exchange membrane 33. On the other hand, in the
concentrating chamber 31, a side near the anode is separated by

the cation exchange membrane 33 and a side near the cathode is

25 separated by the anion exchange membrane 34, and the concentrating
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Dl is formed of a first snmall desalination chanmber dl and a second 5
smal | desal i nation chanber d2 and a desalination chanber D2 is fornmed
of a first small desalination chanber d3 and a second snal
desal i nati on chanber d4. Simlarly, a desalination chanber D3 is
formed of a first small desalination chanber d5 and a second snal
desal i nati on chanber d6 and a desalination chanber D4 is forned of 10
a first small desalination chamber d7 and a second snall desalination

hanb t tus.
e e e
36 and the %‘%cﬁan ten to.he J ggﬁe&dh%aagppl ied fromthe 15

i ntroductio I ne 41°for water to be treate concentrate water IS

supplied f rom t hg < iRbLAUAHOb e R 43 0h A FAGNGEN FAL £ MALSE chQH}S’er
cat hode water and anode water are supplied réspéctively from

i ntroducti Lingshéa §O% eatNodRa MALRE, NthdikRe é}{'gn[b%qué LRg a sbB@nd
47b for anode water. The water to be treated supplied from 2

i ntroducd i ofndiines<kh 1598 i REREMED deadd £at e fevwen dawanihe, 1§%69ﬂ<51:1
smal | desalination chanbers d2, d4, d6, and d8 and inpurity 1ions are

renoved whide sheinet esmd 0l h@gaa&abedorpame&hrdqughdt he sekbhbednall
| ayer of ion exchanger 38. The discharge water flow ng through the

exit line 42Jarinkteat ethawaterd,of tihel1sepond semllindesat idhakben R5is
chanber is introduced through an introduction line 43 for water 20
to be treatssireid the first ssabl ldedesbhd hahi diertleandeand G sdeodd 58411
smal | desalination chanbers dl, d3, d5, andd7. The water to be
treated f|dewldownidhehbinpet dgreald a desal inaticoncioderdrebs idl {om@d db,
and 10 a first small desalination chamber d; and a second small desalination
chamber ds.
Normally, the EDI deionized water producing apparatus 10a is
operated as follows. A DC current is applied between the cathode
36 and the anode 37. Water to be treated is supplied from the
15 introduction line 41 for water to be treated, concentrate water
is supplied from the introduction line 45 for concentrate water,
and cathode water and anode water are supplied respectively from
the introductien line 47a for cathode water and the introduction
line 47b for anode water. The water to be treated supplied from
20 the introduction line 41 for water to be treated flows down the
second small desalination chambers ds, d4, ds, and dg and impurity
ions are removed while the water to be treated passes through the
filledlayerofionexchanger 38. Thedischargewater flowingthrough

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

25 chamber is introduced through zan introducticon line 43 for water



d7 and inpurity ions are renoved when the water to be treated passes
5 through the filled | ayer of the ion exchanger 38. Deionized water
is thus obtained fromthe exit line 44 for deionized water. The
concentrate water flowing fromthe introduction line 45 for the
concentrating water noves upward through each concentrating chanber
31, receives inpurity ions noving through the cation exchange 10
menbrane 33 and through the ani on exchange nenbrane 34 and inpurity
ions moving.d4 heougdtkhesf @Re eBangan 1Widi1anhPEoCORERABE ¥ &bl fige first
chanber as will be described later, and is discharged fromthe exit
line 46 forggoncaninahhnghchampersas, egnaenhaat edatatet RowhiteBated
inpurity ions are concentrated. 15 The cathode water supplied from
the introdugtdwandbivRece/ Eikof sathadeawaisehohScitingelrar ggd &y o, t hed
exit line 48a for cathode water and the anode water supplied from
the i ntrodugt &M ihpoe A7 DodDbre arndeedvahes the witeehar ged renom pheses
exit line 48b for anode water. Wth these operations, inpurity ions
wi thin the vet®ight thd€il P Lagat ed Suppbn ectcheaomt A8, | Merioduedd @ater
line 41 for water to be treated are electrically renoved and

dei oni zed was ethulsr ontadiiech firive ihpexitylineodd ave decivpvedd caateye
obtained fromthe exit line 44 for deionized water. In addition,
concentrat e wat efhercosivechratpuriey florinarfgoncdrec ént yedustiionopingi hed
fromthe exit line 46 for concentrated water. 25 In the ED deionized
wat er produgenghapparettumténgtiagepregentipvald Ehbodimert coORCTIYRE Hjp
wi th an ani on exchange the second small desalination chanbers d2,
d4, d6, andchfgtbes dhiEiFet fies WaRwr Ho 996 MoV B EBECYIOWRe B AR ChRREE

smal | desalination chanbers dl, d3, d5,
10 membrane 33 and through the 'anion exchange membrane 34 and impurity

ions moving through the ion exchanger within the concentrating
chamber as will be described later, and is discharged from the exit
line 46 for concentrating chamber as concentrated water in which
impurity ions are concentrated.

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

With these operaticns, impurity ions within the water to be

20 treatedsupplied fromthe introductionline 41 forwater tobe treated
are electrically removed and deionized water from which the impurity
ions are removed can be obtained from the exit line 44 for deionized
water. In addition, concentrate water in which impurity ions are
concentrate is obtained fromthe exit line 46 for concentratedwater,

25 In the EDI deionized water producing apparatus of the present



and d7 receiving the water exiting fromthe second snall desalination
5 chanber as the water to be treated with a m xture ion exchanger,

it is possible to renove silica, carbonic acid, or the like in both
the second and first small desalination chanbers. Because of this,

it is possible to sufficiently treat water to be treated which
contains, in a large proportion, weak acid conpositions such as
silica carbonic 10 acid which are difficult to renove. As a result,
it is possibhecditenem by pfiMiisigonitf drhendesashbonalger tdevsemidorsmall
reduci ng free carbon dioxde as an upstreamtreatnent of the ED

dei oni zed wateslipadusi ditambappadat ds. dbn dnbedEDe diel onithedwakderto be
produci ng apparatus shown in Figs. 15 5 and 6 descri bed above, the
concent r at i ngestwnbeswd anflidHeefli astt bmaltlhdesa Minatéon ahagkehangerds 3%,
The material to fill the concentrating chanber 31 is, however, not
limted to thednxteie nigorheexdizargerting Eoem thaspbend fnal kdgsaignation
possible to enploy a configuration as shown in Fig. 7 in which an
ani on exthanpamnbed? apstipy owitdedtobvet heeaheddel 20 ashetwie tthe wffhamass,
exchange nenbrane 34 and a water perneating material 60 having no
strongly bastdisapporibdrchangeots eupiss prERATdEE Bt weeihet Heeatt AR
exchanger 62 and the cation exchange nenbrane 34, [First operation
net hod] | n &h¢isesendanfddret Bt desehinaticarrepPegsi ofrsagsHat &hisps
pr oduci ng apEaratus havi ng,  between an anode chanber havi ng an angde
22 and a cat éaeol%ﬁlswﬁeﬁ@%1@eatJcﬁaiirr?@&é’atar68§’§|tFﬁa¥?%ﬁhJcﬂ’a%%FlPﬁr
whi ch a side near the anode is denmarcated b#ﬁan ani gn_exc

menbrane ahf 28 *SPAETARAF LMY EeRMRSHE GUPIENET T BERS & Ja‘iai %ﬁ}fb‘mc

eXChang?Omsggl w%ich are difficult to remove. As a result, it is possible

toomit provision of the decarbeonator device for reducing free carbon
dioxde as an upstream treatment of the EDI deionized water producing
apparatus.
In the EDI deionized water producing apparatus shown in Figs.
15 5 and 6 described above, the concentrating chamber is £illed with
themixture ion exchanger 39. Thematerial tofill the concentrating
chamber 31 is, however, not limited to the mixture ion exchanger.
For example, it is also possible to employ a configuration as shown
in Fig. 7 in which an anion exchanger 62 is provided on the anode
20 sidecf the anion exchange membrane 34 anda water permeatingmaterial
60 having no strongly basic anion exchange group is provided between
the anion exchanger 62 and the cation exchange membrane 34.
[First operation method]
In a first method of operaticn, in an EDI deionized water

25 producing apparatus having, between an anode chamber having an anode



and a concentrating chanber in which a side near the anode is 5
dermarcated by a cation exchange nenbrane and a side near the cathode
is demarcated by an ani on exchange nenbrane and whi ch concentrati ng
chanber is filled with an ani on exchanger on the anode side of the
ani on exchange nenbrane, water containing free carbon dioxide is
supplied to the concentrating chanber. 10 In the operation nethod
according to this preferred enbodi nent, an apparatus as descri bed
above and showe icatFegs chBnbéy hamdnd araythdye, usedsasd inhel EDichhsvemgn
dei oni zed water produci ng apparatus between an anode chanber havi ng
an anode an#ghackathdgdacehahbenodmys dgparcatat hpde anaocdesahamgg hepbrane
chanber in which a side near the anode is 15 separated by an anion
exchange nepbdarsd damgas thedetheds 13 hemanpehedby aicstseparabengpyerprane
cation exchange nmenbrane and a concentrating chanber in which a side
near the anédeé pscerFmycateny bshapbeat ionvekehange e nBhbY akles afitbcg 15
side near the cathode is demarcated by an ani on exchange nenbrane.

20 An exAnpremarcalive Rihp GRTERE REAGERIS RETRIFES aCst Féﬁ@l’?aﬁatsﬁecca%ﬁén
exchanger. Exanples of forms of the anion exchanger include,

ani on exchaﬁ@éiel“%i:ﬁte%ﬁyéﬁl%Oé‘x%’hcé‘ﬁﬁge 1“"i‘3EiE’r’'E‘fle‘a?‘n‘a‘j HRich ﬁﬁFEntﬁf&%ﬁs

ani on exchanger. described in Japanese Patent Lai d- Publ i cat |
o, 2002- 3089FTAE LersAgry Tas g %if%&?%ﬂ’éﬁ&e%%%nﬁﬁﬁ sdaﬂﬁt?% the

i ncl ude meakl¥ baSIﬁ ani on xchan grou A”“ngt se l) glf erent
forms, an aff"on" &X¢HaRER 1S f‘ﬁ“?s f erTEdBet §§et%aer ExChdhge *°
capacity per fi olune is [ an therefore the residence
time of cargoﬁ%i onsLH Oncen% g%h} %%rallomnng

10 Intheoperatlonmethodaccordlngtothlspreferredembodiment,

an apparatus as described above and shown in Figs. 5, 6, and 7 may
be used as the EDI having, deionizedwater preducing apparatus between
an anode chamber having an anode and a cathode chamber having a
cathode, a desalination chamber in which a side near the anode is

15 separated by an anion exchange membrane and a side near the cathode
is separatedbyacationexchangemembrane and a concentrating chamber
in which a side near the anode is demarceted by a cation exchange
membrane and a side near the cathode is demarcatedby an anion exchange
membrane.

20 An example of the anion exchanger includes a strongly basic
anion exchanger. Examples of forms of the anion exchanger include,
an anion exchange resin, an anion exchange fiber, and an organic
porous anion exchanger described in Japanese Patent Laid-Open
Publication No. 2002-306976. The strongly basic anion exchanger

25 maypartiallyincludewesklybasicanionexchangegroup. Amongthese



reaction with the free carbon dioxide in the concentrating water 5 is
| ong, which consequently result in sufficient anbunt of reaction to
occur even wth a | ow concentration of free carbon di oxi de, and

thus, inhibition of formation of scales. In addition, when the -
particle size of the anion exchange resin is uniform the
differential pressure across the concentrating chanmber is reduced,
and, thus, 10 the use of an anionic exchange resin is desirable. A
desired saldispireht i Mgmeapackhyonfexthen@niresieXxchpngesrries bcd:zalsegthe
CaCx/1 - 75 g CaC03/1 (wet resin). Wen the capacity is |ess than
0. 75 g CaC@{dhantbecdidcisyspem fid ladt valesier abl batygpcaasd thdmefore the
residence tinme of carbonate ions is reduced and the tinme for 15

al | owi ng r esstiidenceai tima hé Eageorcarbomdiioxiidegi renchéivententalapeing
water is reduced. Wien, on the other hand, the capacity exceeds 75 g
CaCOB/ 1, theedDlicsystemche ffesocnoborddspradd dnbbeaspacenherating water
manuf acturi ng cost of the anion exchanger is increased. Wen the

ani on exthaigérng s wvahclanposemesiidtgeskeésiln, sufifé capibaneehasgercheen
may be of either gel type or MR type. However, because the ion

sel ecti vi t ytaiochur eysactithoailnvscondrat rahben RYdied geri¥hdiefidgmeand
gel type exchange resin is not as strong as that of the MR t¥”pe
exchange re&hye -afdahihEtidrectr feanaties sf aircdest tHe ag8t t1Sfpe "EREhEMYe

resinin aformof salt is low, it is possible, wth the %gll t Bgzlg
exchange r eB¥FE1LE SABEETLERRRRPY S FERBIAPE SCAPBEMREECT NS A qﬁ% xTtle
24 ions noving fromthe anjon exchan%s menbr ane and t ucrétavear'gcﬂe%gus

ions to therSIWE e neFOThE AiTIE e ThET 8o R ™ He t§ef 156 eXtTarnigé
resin EE p£§gQLéﬁgfQ¥$Qwhg%igmg§éﬁg%ggxggggg§srggéfkable.
A desired salt-splitting capacity of the anion exchanger is
0.75 g CaCOs/1 - 75 g CaCOs/l (wet resin). When the capacity is
less than 0.75 g CaCO3/1, the EDI system is not desirable because
the residence time of carbonate ions is reduced and the time for
15 allowing reaction with the free carbon dioxide in the concentrate
water is reduced. When, on the other hand, the capacity exceeds
75 g CaCOs3/1, the EDI system is also not desirable because the
manufacturing cost of the anion exchanger is increased. When the
anion exchanger is an anion exchange resin, the anion exchanger
20 may be of either gel type or MR type. However, because the ion
selectivity with respect to ions other than hydroxide ions of the
gel type exchange resin is not as strong as that of the MR type
exchange resin and the electrical resistance of the gel type exchange
resin in a form of salt is low, it is possible, with the gel type

25 exchange resin, tomorereliably receive carbonate ions andhydroxide

24



The concentrating chanber may be of a formin which the entire 5
concentrating chanber is filled with an ani on exchanger al one.
However, in this form because the ani on exchange groups exi st
continuously in the concentrating chanber, alnost all of the

bi carbonate ions within the anion exchanger nove to the side of the
cation exchange nmenbrane, are concentrated, and are discharged 10
into the concentrate water. As a result, the concentration of free

carbon di oxigles Reaind beot ahk omiexhiaRgRgaRERL 84 hee asesovd giesntons
degradation of quality of the treated water tends to occur. In view
of this, ittdshdesideatdsr tie anpli®y anéosfaref thecosicenps atkichgnghaador
in which an ani on exchanger is provided on the anode side of the 15
ani on exchahgerEebradewend the R elyppessdatigegraatrer i al havi ng no
strong basic anion group is provided between the ani on exchanger and
t he cati on exchampge avenbnaresingedauder imaytde sf hdromm trhehaeh bhe entire
exchanger does not cone in contact with the cation exchange nenbrane
in the concemaeattragicharizebert he Tonednwitlion agfiohr escioanrdsen a2one.
di oxi de near the cation exchange nenbrane is not increased, and

degr adat i onBofevgual inytbis tiwam, r battbandher actan FEcpreyenyeps exist
Exanpl es of the anion exchanger to be provided on the anode side of
the ani on exehdmgeuaeybianéhe nePueRntrhbied aphareax clhanger saltestr Hired
above. 25 The water perneating material having no strong basic anion
25 exchangelifolenahe chris W@Fgwm BBt R &t CHRBIFNIMOY e X B hatfy St danef
the cation exchange nenbrane is used to secure flom/gathes or .the

concent r at eSRRCRF 1AM GEED IHEVER OGNt & SHESREEA T Hre *BRiSH ahg

10 into the concentrate water. As a result, the concentration of free
carbon dioxide near the cation exchange membrane becomes high and
degradation of quality of the treated water tends to occur. 1Inview
of this, it is desirable to employ a form of a concentrating chamber
in which an anion exchanger is provided on the anode side of the

15 anion exchange membrane and a water permeating material having no
strong basic anion group is provided between the anion exchanger
and the cation exchange membrane, because in this form, the anion
exchanger does not come in contact with the cation exchange membrane
in the concentrating chamber, the concentration of free carbon

20 dioxide near the cation exchange membrane is not increased, and
degradation of quality of the treated water can be prevented.
Examples of the anion exchanger to be provided on the anode side
of the anion exchange membrane include those anion exchangefs
described above.

25 The water permeating material having no strong basic anion

25



group and the cation exchange nenbrane. Therefore, the water 5
perneating material having no strong ani on exchange group may be

ei ther a conductive water perneating material or non-conductive

wat er perneating material. Wen a conductive water perneating
material is to be used, it is possible to use water perneating
material having an exchange group other than the strongly basic

ani on exchange 10 group such as a weakly basi c ani on exchange group,

a weakly aCEQ&ﬁang%ghk&Eb XEPANGE LOL PR BBEEerS thANG YorAekdh on it b
exchange group. anpl'es of a nmaterial having a weakly acidic cation

exchange greyp caRfiof ich@hGe ekl fns 8L 1ARACXSRaBGEL: GNBUR dthekUdS, thor
exanple, a cation exchange fiber and a cation exchange resin. In

particul ar, c19.WheR 8 Rk ARAHCHANES LI RFItAct Sekt@ebf thsathiohtexdchange
desirable to use a cation exchange resin having a degree of

cross-linkagesgf A% Qihe Ic@880@SefdiGRgd hesbihrRl.| OWBetofodegdutti anrof
selectivity for divalent ions such as calciumion, magnesiumion,

and the ki kgerhd¥a/i@@dSRatdil aSehBLiligvhd W t@bnhyshiageaxtwihgeandote iagt bon
of opportunity of 20 contact between hardness conponents and

car bonat e | ensherExaaphe@sct il NoOte:grdtesi Mey wateriperareabhngpraicet val
i nclude, for exanple, a nesh-shaped structure, a nonwoven fabric, a

woven fabri eatanceraichetngaraawsight embahsa EbndiEsive aaneshpshwpédng

structure is desirable as the selection of nmesh size is easy, water

per meabi | i t pa@&riiad i ghhpe awell,i it Uopss gidlettonds wager pespeariioertegsel

in differential 26 pressure in the concentrating chanber. The

t hi ckness ohatire zoasemnoatdmygprclianbenan shpséfenabl has s viearrGhsnamm

and 6 nm and is nore preferably between 1.0 nmm and o
10 group such as a weakly basic anion exchange group, a weakly acidic

cation exchange group, and a strongly acidic cation exchange group.
Examples of a material having & weakly acidic cation exchange group
or a strong acidic cation exchange group include, for example, a
cation exchange fiber and a cation exchange resin. In particular,
15 when a cation exchange resin is to be used, it is desirable to use
a cation exchange resin having a degree of cross~iinkage of 4% or
less as such a resin allows for reduction of selectivity for divalent
ions such as calcium ion, magnesium ion, and the like, increase
in selectivity of hydrogen ion, and reduction of opportunity of
20 contact between hardness components and carbonate ions. Examples
of non-conductive water permeating material include, for example,
a mesh—shaped structure, a nonwoven fabri¢, a woven fabric, and
other porous materials. Of these, a mesh-shaped structure is
desirable as the selection of mesh size is easy, water permeability

25 is high, and it does not tends to cause an increase in differential
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3 mMm When the thickness of the concentrating chanber is less than 5
0.5 mm even when the concentrating chanber is filled with an ion
exchanger, the advantage of inhibiting formati on of scales is |ess
effectively obtained and the differential pressure across the

chanmber water tends to increase. Wen, on the other hand, the

t hi ckness exceeds 6 mm the electrical resistance is increased and 10
t he power consunption is increased. Al though the thickness of the

wat er per meat-kgguretier kaé dedeRg- A0irst kaagbdAsi ¢ ani on exchanger is
not limted, it is preferable that the thickness is between 0.1 nm
and 2. 0 nmm and THe ithiBRA& Proaf ehabkenddiatrathegt thakresssi prosinsbén
0. 2mmandl . OMm When the thickness of the water perneating material 15
i s | ess thame@wdernm. sandizgti e, betiwee moae pordieanbin battivedn tihéd fim eed
carbon di oxide is generated and the cation exchange nenbrane is
reduced, resuld. nghém taehinghkoesncentthattwmeot rétoey chalimar ds dxerdehan
near the cation exchange nenbrane. When, on the other hand, the

t hi cknes$ exXcéeds, 2vOnmnent hiee ebecentdlingesiagsbamces ¢fi 1l he widhedn 20n
perneating material is increased and the power consunption is

i ncreased. Ehehenymentratidngnodwmbeinhaviniga Avwratiopcefipeales 4s less
two-| ayered structure of an ani on exchanger and a water perneatin

mat eri al haeitfigohoretr olgabasd canghitde eléhanget frlomgespuie | #C5a$s gﬁ?y
required that the anion exchanger and the cation exchan%e 25 menpbr ane
be subst ant ichemhenotatiay E6RLacto Winckeaseh HPRBr Fhd-hhethe? hBpdn the
exchanger and the cation exchange nenbrane may partially .contac%
each ot her WhdchreexLERECY P AW dbies Shott Hadpel e TRE2a8% ant HYE$256F H'fle

resent jnvention. ,
P 10 the power consumption is increased. Although the thickness of the

water permeating material having no strong basic anion exchanger
is not limited, it is preferable that the thickness is between 0.1
mmand 2.0mm, and it is more preferable that the thickness is between
0.2mmandl.0mm. Whenthethicknessofthewaterpermeatingmaterial
15 is less than 0.1 mm, a distance between a portion in which the free
carbon dioxide is generated and the cation exchange membrane is
reduced, resulting in a high concentration of free carbon dioxide
near the cation exchange membrane. When, on the other hand, the
thickness exceeds 2.0 mm, the electrical resistance of the water
20 permeating material is increased and the power consumption is
increased. The concentrating chamber having this structure is a
two~layered structure of an anion exchanger and a water permeating
material having no strong basic anion exchange group, but it is
only required that the anion exchanger and the cation exchange

25 membrane be substantially not in contact with each other and the
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When the ani on exchanger to be filled in the anode side of 5 the
ani on exchange nenbrane is an exchange resin in the formof beads,
it is desirable to select a water perneating material having a finer
mesh size than the effective size of the ion exchange resin beads
because such sizing allows for reliable prevention of contact
bet ween the ani on exchange resin and the cation exchange nenbrane. 10
In addition, when the ani on exchanger is an ion exchange resin in
the form of abpadssxchbngsr desi rabl eatbrisecAinfOMmaxehaggeay @sirtiially
having a relatively | arge average bead size and uniformdistribution
of bead si zepnthetadis® @iheh vicadd exSerdftorhiahl dregatoteidreetr tte sdvzatagés
the ion exchange resin, and consequently, selection of a coarser 15
mesh for thefwateeprpesmedivegtiaterial, which result in a higher
wat er perneability without an increase in differential pressure. The
effective size offhthethcoanéxchanengesite beafls: lies defihrednbye dikle of
nmesh size of a screen which allows 10 vol une% of the resin to pass
t hr ough. 5 20tMataarionnekeitingg hewerawr bonamisxchdegahichin $nusiea fommt bk
first nmethod of operation is water having a concentration of free
carbon di ok¢alés oft Os5arg radR¢ Lo-s€2@RGt rrywO0R permart ipoafaieabhy hRdVIhg
a concentration of free carbon dioxide of 2 ng C02/1 - 150 ng CO2/ 1.
When the coaddneiratgsenside fhak tharydrci vkpdecicd tesdop rashense F§s s
@02/ 1, the advantage of inhibition of formation of scales is hangered
28 and whenPe#s e Furth 8hz 19 #HewsciabeN itd%i RIS VERE SRS T Foptact
ngC02/ 1, the anobunt of free carbon dioxide which diffuses |nto an
adj acent  dRSEISHatPOAPEHASEEP2 LT SEFHIN PAS Tt PN BXEHANGIC ST aRe:
'S 10 In addition, when the anion exchanger is an ion exchange resin in
the form of beads, it is desirable to use an ion exchange resin
naving a relatively large average bead size and uniformdistribution
of bead size, because such a allows for a larger effective size
of the ion exchange resin, and consequently, selection of a coarser
15 mesh for the water permeating material, which result in a higher
water permeability without an increase in differential pressure.
The effective size of the ion exchange resin beads is defined by
the mesh size of a screen which allows 10 volume% of the resin te
pass through.
20 Water including free carbon dioxide which is used in the first
method of operation is water having a concentration of free carbon
dioxide of 0.5 mg CO02/1 - 200 mg CO»/l, and preferably having a
concentration of free carbon dioxide of 2 mg CCx/1 - 150 mg CO:/1.

When the concentration cf free carbon dioxide is less than 0.5 mg

25 C0./1, the advantage of inhibition of formaticn of scales is hampered

28



increased, resulting in degradation of the quality of the treated 5
wat er. Specific exanples of water including free carbon dioxide

i nclude perneate water of a reverse osnosis nenbrane in which tap

wat er or industrial water is roughly desalinated. Al though a reverse
osnosi s nenbrane renoves ion conpositions, it allows nost of the gas
conpositions to pass through. As such, a high concentration 10 of
free carbon di oxi de which has perneated thorough the reverse osnosis
menbr ane as;gi 550 Ved-GAIheR 281 O fler §Ge NRMRI1R% i HE ek beedPBIMALR/ L,
water. Therefore, it is possible to use the perneate water of the
reverse osnpgt SmBBADIANErés chhBos Wpkydsaheehofi dfheesccioneeat ratjragnt
chanber therby doing w thout adding any chemcal to 15 the water. The
per meat e wagesaafathenr enefise oximsigs mREbLancomByxcldige hentsede ass
the water to be fed to the desalination chanber of the ED deionized
wat er produgthigapparadis tihg ia aystaiationwhi che ayudéday bohatertriegted
provi ded between the reverse osnosis nenbrane device and the ED

dei oni zesl watesr.progecifiig e2dnEpparatwseri tndlsiddegi fiadd carborMibsyda
configuration in which the treated water of the decarbonator is used
as the wat eintudeepsuppiticedatdn of e rdesudé wampohs clsabbere dh vivechEDRP
unit (water to be treated by the EDI unit) and the perneate water of
reverse osnpstsr meitumteiahpter L srovahlyatess Lipatrd t r dhpdhy qengrse
decar bonator device is also 25 used as the water to be supplied to

t he concent par¢sig ohEpbEIe SENODES tiRe EPIPOFATLONHs 1§ughieys most of the
configuration allows for supply, to the concentrating chanber, of
wat er havi ngaf ree@peat bt itoxPae® ithrarah -andeintu FecBssHy cpprentration

inhibiting the formation of scale while reducin
1og of free carbon dioxide which has permeat%d thorough the reverse

osmosis membrane as dissolved carbon dioxide gas remains in the
permeate water. Therefore, it is possible touse the permeate water
of the reverse osmosis membrane as the supply water of the
concentrating chamber therby doing without adding any chemical to
15 the water. The permeate water of the reverse osmosis membrane may
also be used as the water to be fed to the desalination chamber

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

25 used as the water to be supplied to the concentrating chamber of
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the concentration of free carbon dioxide which is a |load on the 5
desal i nati on chanber. In addition, when the treated water of the
decar bonator device is used both as the water to be supplied to the
desal i nati on chanber and as the water to be supplied to the
concentrating chanber, it is desirable to circulate a portion of the
exiting water of the concentrating chanber, mx the circulating 10
water with the water having | ow concentration of free carbon dioxide,

and supply PﬁeetEIB?_ goncentrating cRarbalratdsnsHeins ¢onf Lepiati ep the

all ows for exiting water of the concentrating chanber to have

concentrat ed, fr.ee carhpnydiogt de W) hevoantrakaesh diont BEoMaleLin dr0
be treated, and consequently, allows for the use of the exiting 15

wat er of th@m&ﬂ%%@%éggff@oﬁb@{m&iﬁ§tﬁé‘@gkﬂ{a%ﬁinaff dniteh@i1e reducing
concentrating chanber as water having high concentration of free

carbon di oxigle.cohhentesarhopat frecdexibeh i oratiel diidedsi & 1d=l bypehe
and, for exanple, a nenbrane type degasifier may be used. [Second

operati ofn ngthndha29od RhambeEONdn NRidiadonf woperiaid oneatad aat&DIof the
dei oni zed water produci ng apparatus conprising, between an anode
chanmber haviaghrbanaenpde:vard as catdiodetichanbiee havdmgoabeasurpdéedato
desalination chanber in which a side near the anode is demarcated by
an ani on exghanrgeldeshianehanse:a ssiddes ngar wieher cat hedeubsl tkshdpcilted
by a 25 cation exchange nmenbrane, and a concentrating chanber in
which a 30csigetneaing haahede iitsidedmmicabed tyy careatdtonaexetidnget
menbrane and aside near the cathode is demarcated by an anion
exchange metthe anetirandavdn ofi the doncprerad ity chamerr ué X Bif eledAgEtd

of an ani on exchanger , o s
10 water with the water having low concentration of free carbon dioxide,

and supply to the concentrating chamber, as such a configuration
allows for the exiting water of the concentrating chamber to have
concentrated free carbon dioxide which is contained in the water
to be treated, and consequently, allows for the use of the exiting

15 water of the concentrating chamber as supply water to the
concentrating chamber as water having high concentration of free
carbon dioxide. The decarbonator device isnot limited in its type,
and, for example, a membrane type degasifier may be used.

{Second operation method]

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

25 cation exchange membrane, and a concentrating chamber in which a
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and a cation exchanger, water containing free carbon dioxide is 5
supplied to the concentrating chanber. In the description of the
second operation nethod, elenents identical to those in the first
operation nethod will be omtted and the differing portions wll
primarily be described. Specifically, the second operation nethod of
the EDI unit differs 10 fromthe first operation nmethod of the ED
unit in that, in the second operation nmethod, the material to fil

t he concentra i ng nber xture ion exchan er of an ani gn

A e e

exchanger aﬁa a Tbee?tru RITEESPHI g & GAERRR prEtignps membrane
nbodi t h f

O e RS e S aof T Bk e Dot BB B RS

blcarbonate i . tga ggh th% ani.on _exchan er, i s dischar der

o The conEnnHER ds daar R R e L O BRI g DRl G SRR
hydr ogen- carbgnate i,ons_r ach the catign, exchange menbrane by a

a cation exc an er ater cont ﬂﬁp xide is
action of tﬁe bi carbonate ! catiron ex@ﬁanger H gh

st t th
concent 51 1 SRR a8 Bhf b%"ﬁl %?’gﬁ? o o T on exchange
menbrane and the ﬁd‘éﬁé $RsLPLLUENCE tQ@ccﬂHﬁ!}%%} Yat i8h FOGdd, e Hdnt s

water is alleviated. an ani on exchanger e mxture 10n

exchanger, hBehé&cd%0%§'$Hd%etin%ﬁ% 3NL0p Lxchanger bl dan BQ 4fiQse4
descri bed above. 25 As the cation exchanger, any cation exchanger

having the gapabihd t ¥ir3driQy SURRKYAYAroaan Lenga Ay, becusgdscandd.
exanpl es of the cation exchanger include, for exanple, a strongly

aci di c cati gpe€x£nander , thedsweakd vpaghdis fatiQnNoexahangerunidnd Fers
m xture cation exchanger
10 from the first operation method of the EDI unit in that, in the
second operation method, the material to £ill the concentrating
chamber is a mixture ion exchanger of an anion exchanger and a cation
exchanger. According to the present embodiment, because a cation
exchanger for supplying hydrogen ions is mixed with the anion
15 exchanger and the mixture is filled, the bicarbonate ions moving
through the anion exchanger is discharged into the concentrate water
as free carbon dioxide before the hydrogen-carbonate ions reach
the cation exchange membrane by an action of the bicarbonate from
the cationexchanger. Withthisstructure, it ispossible toprevent
20 an increase in the concentration of free carbon dioxide near the
cation exchange membrane and the adverse influence on the quality
of the treated water is alleviated.
As an anion exchanger in the mixture ion exchanger, it is

possible to use anion exchangers similar to those described above.

25 As the cation exchanger, any cation exchanger having the capability
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of a strongly acidic cation exchanger and a weakly acidic cation 5
exchanger. Exanples off ornms of the cation exchanger include a cation
exchange resin, a cation exchange fiber, and an organi c porous cation
exchanger described in Japanese Patent Lai d-COpen Publication No.
2002-306976. It is desirable to use a m xture ion exchange resin of
an ani on exchange resin and a cation exchange resin as the m xture

10 ion exchanger. Exanples of the mxture formof the m xture ion
exchanger kBciuday hodr&x@npbes maubel 0568, Maxtiuegamflean o8NtioN cation
exchanger and a cation exchanger and a m xture ion exchanger in

whi ch t he pekegiigqgeincQlideatfvarexaxphangerrbngl gasesid comdhexdiatger,
near the ani on exchange 15 nenbrane toward the cation exchange
menbrane. Ck tdwede, atheidricxtice exchoangxchandges mimtwhe clattithe exchanger
per cent age of cation exchanger increases fromthe side near the

ani on exchanges nerbnahe dcowdr dedthencatilamgeexaithngeeaeltbraneic saivee
preferable. Wth such a configuration, the percentage of the anion
exchangef (earcmmxecharfgermpéssnf farms hetiRocalide sekhehge citdloneaxehanye
menbrane is low, which allows for reliable reduction of

concent r at i enclofnder ess igardert iginercidenae i be heardah oAJaEhhRERyE cation
menbrane. Exanples of the formin which the percentage of the cation
exchanger | REfeansey feepnitied &0 deraease tTHEShRi o CeRERAMY® L L ARbiraie-
toward the cation exchange nenbrane include, for exanple, 25 a formn
whi ch the péPBemgdof I éSdEﬁﬂéﬁb€%6ﬁdﬁ§%P W%xﬁﬁﬁbﬂﬁ%§ﬁﬁéﬁ9ge§?51n

i ncreased fromthe side near the anion exchange nenbrane toward the
cation exch2h§® ErbrefrE2aAg rﬁsF"é?éijé"dcasttlroﬂcet’iﬁhé‘n@%rrﬁﬁ'% AFH e L= 1P

exanpl e, ala f an ani on exchanger and a | ayer of a m xture
al 10 X exc%anger 9 y

Examples of the mixture form of the mixture ion exchanger

include, for example, a uniform mixture of an anion exchanger and

a cation exchanger and amixture ion exchanger-in which the percentage

of cation exchanger increases from the side near the anion exchange

15 membrane toward the cation exchange membrane. Of these, themixture
ion exchanger in which the percentage of cation exchanger increases
from the side near the anion exchange membrane toward the cation
exchange membrane is more preferable. With such a configuration,

the percentage of the anion exchanger (anon exchange resin) at the

20 sideof the cationexchange membrane is low, whichallows for reliable
reduction of concentration of free carbon dioxide near the cation
exchange membrane. Examples of the form in which the percentage

of thecationexchanger increases fromthe side near the anionexchange
membrane toward the cation exchange membrane include, for example,

25 aforminwhichthepercentageofthecationexchangerisprogressively



materi al of an anion exchanger and a cation exchanger are placed 5 in
that order fromthe side near the ani on exchange nenbrane toward the
cati on exchange nenbrane. In the case of a m xture ion exchange
resin, it is preferable to use a m xture ion exchange resin with
uniform particle size as such a configuration reduces the
differential pressure across the concentrating chanber. 10 The
percentage of the cation exchange resin within the m xture 1ion
exchange resin is not limted, but is preferably 10%- 90%in

vol ume, andineyeasscefepabine 3096 trrBOWIE A RAGIU RECH 3 MeRBT Pt CaHEEDe
of the cation exchange resin (in volune) is less than 10% it is_  not
possi bl e t otPe EREHPD CHENAPET BEERX3NF M2 AGHEERT FAEPERTT TPFRAN Fi51ich,
carbon di oxi de near the cation_exchange nmenbrane and when, on the

ot her hand, TeRE*BBP tonfatfy ExeEeds® i ¥ HE 48 Hag 20 Ti T f BT bh°
of formation of scal es cannot be obtained, and thus, both of these
per cent age BPECHGY BEeteAldd FACIPRIBF A AbFH b T WgPER pgf‘%d
cross-|linkage of the cation exchange resin is 4%aqr |less, .as _sych 2

a cross- Pi nkage&2hl 1R T B¢ éaﬂ%gie(‘_i‘ﬁ %}e T BT a[”)?eor?é%r\?gFgﬁfarg
ions such as_cal ciumions and nesi 1.ons_and.an increase in

sel ecti vi ty%B‘F Oﬁ%?%ﬁéﬁg?%es{“er? fpl e nsﬁeug o 8° f]ml,&;nn&éﬁlm T onr2EY
wat er produci ng appat at us of first _exa t i

be descri bed®f bﬁ?iﬁ%EFﬁfEFaghiFQAuagéagggﬁ%f%ﬁﬂg3%g§%5%§ %%%%E89¥h

upstr eam of g B WDLL; AQ hawidng,g desql ination ghather 1duend gne

concentrating chanb An exit pipe or treated water of the

decar bonat o; 20, and ;a7 LALLLQUCLELR PR LondBf MRESS dHmber.

10 The percentage of the cation exchange resin within the mixture
ion exchange resin is not limited, but is preferably 10% — 90% in
volume, andmore preferably 20% to 50% involume. Whenthe percentage
of the cation exchange resin (in volume) is less than 10%, it is
not possible to prevent the increase in the concentration of free

15 carbon dioxide near the cation exchange membrane and when, on the
other hand, the percentage exceeds 90%, the advantage of inhibition
of formation of scales cannot be obtained, and thus, both of these
percentage are not preferred. It is preferable that the degree of
cross-linkage of the cation exchange resin is 4% or less, as such

20 a cross-linkage allows for a reduction of selectivity of divalent
ions such as calcium ions and magnesium ions and an increase in
selectivity of hydrogen ions.

(Example structure 1]
An EDI deionized water producing apparatus of a first example

95 structure will now be described referring te Fig. 1. A decarbonator
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be treated by the EDI unit are connected and an introduction pipe 5
13 for water to be treated by the decarbonator 20 and an introduction
pi pe 16 for concentrate water of the EDI unit 10 are connected.

Ref erence nuneral 17 represents an exit pipe for concentrate water
and reference nuneral 18 represents an exit pipe for deionized water.
The treated water of the decarbonator 20 is supplied to the 10

i ntroduction pipe 15 for water to be treated by the EDI 10 unit and

the water toghg glra%@a%stexeméf%%zbmaém h291rsgsa%lée9u§£lfog chta%er
i ntroduction pipe 16 for concentrate water of the ED unit .

the decarbonat:gh 220,n R0 rof : §18n kN ST T MCLUE € pRBY 1@%&5&%&@9%1;%
for exanple, a nenbrane degasifier and a decarbonator col um.

Therefore, thecper@BatBoMRlE 20f ak &Rl $8t AR Sn NBIRY qrsefwblmerl go
the water to be treated is directly supplied to the concentrating

chanber 11 Baddestabssy, sHRPEDEUN! O drRecdasditenaiiPanchaiatclZmbipe
carbon dioxide is renpbved in the decarbonator device 20. The treated

wat er of 5t hes degaizhepalcdte 20e4d tSecSpphd @dcd SHdrae or 20 ddi £06HEEdARtPORE
15 for water to be treated by the EDI unit 10. 1In addition to the
form shown pipdilg fdr thecdmrarefwdudr oduchd @pr ahit e watetodredied.
treated by the decarbonator 20 to the introduction pipe 16 for
concent r at eRevedemcef minfeeralfDl 7 wapte drtvayn aktempiati el yondemtonee oftehe
forms shown in Figs. 2 and 3. 25 In the systemof Fig. 2, a buffer
tank 29 forahdcefétegtdenyme34lddjnestraesttoin ani apoemfoofe{drowedfwathe.
concentrate water is provided upstreamof the decarbonator 20. The
upst ream si dee ot redied iwtegdwdt itdve plegeriendtor déncentyuaird inat &p &hel

t he upstream side
10 introduction pipe 15 for water to be treated by the EDI 10 unit

and the water tc be treated by the decarbonator 20 is supplied to
the introduction pipe 16 for concentrate water of the EDI unit 10.
As the decarbonator 26, any of the known structure may be used such
as, for example, a membrane degasifier and a decarbona‘i‘_or column.
15 Therefore, thepermeatewaterof reverse osmosismembrane which
is the water to be treated is directly supplied to the concentrating
chamber 11 and is alsc supplied to the desalination chamber 12 after
carpbon dicoxide is removed in the decarbonatcr device 20.
The treated water of the decarbonator 20 is supplied to the
20 introduction pipe 15 for water to be treated by the EDI unit 10.
In addition to the form shown in Fig. 1, the form of introduction
of the water to be treated by the decarbonator 20 to the introduction
pipe 16 for concentrate water of the EDI unit 10 may alternatively
be one of the forms shown in Figs. 2 and 3.

25 In the system of Fig. 2, a buffer tank 29 for facilitating
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of the introduction pipe 13 for water to be treated by the
decarbonator 5 20 are connected to the buffer tank 29. Thus, the
water to be treated is supplied fromthe buffer tank 29 directly to
the concentrating chanber 11 and to the desalination chanber 12
after the renoval of carbon dioxide by in the decarbonator 20. In
the systemof Fig. 3, the buffer tank 29 is provided mdway 10 al ong
t he introduction pi pe 16 for concentrate water of the EDI unit 10
and a return rOV|de Q the exitin pi_pe r
concent r at e HRISreiePt i SBEVFERT AR Sorh R e Sy e s VR
per neat e mater of the reverse o nDs s nbr gne i u |ed lo h
desal i nati on® chamnber EZ é?te?c%%r 128d|o%E eups%rg%%ve % Ene

decar bonat of , 20,4, (N :L118, 1Nk Poaw%bn%gnéﬁ%ebw%eg ﬁegconc%ﬁsw am, side

perneate water of rever osno tra

water are mxed, ?8%&&1‘?& i%H%Q%h%‘% £ 08, + 6RAGEALE AL E?Qh& Q%@%&onjajcor

As the EDI unit In any o e sysuytenms shown in

through 3, g aké%nﬁ@&téﬁ‘% thQ bW@E&PtQﬁ‘E bon %EE‘a‘EHQ w%@?'%@@;% ﬁ%@ted

ani on exchange nenbrane are alternately provi ded between an anode

chamber havi ng ﬁeed@:o%n@lh@bfa@tsgpctean%hmg&eeéw RY éhLabhodeandng
whi ch has a desalination chanber in which a side near the anode is

demar cat ed bya@dk:ananagychange AEEDIAR i8Rk Rrdede1 Neptethensathrdal
25 is demarcated by a cation exchange nenbrane and a concentrating

35 chanber ba whireh aiskde: ngaint e arederdsmwdenmaocated by a cation
exchange nenbrane, a side near the cathode is demarcated by an anion
exchange menbr anan s s{yhesraadde gsiyetiod bt i rabion 2 exchange. deanticane
10 along the introduction pipe 16 for concentrate water of the EDI
unit 10 and a return pipe 171 is provided connecting the exiting
pipe 17 for concentrate water and the buffer tank 29.
Withthis systemalso, the permeatewatercfthe reverse osmosis
membrane is supplied to the desalination chamber 12 after carbon
15 dioxide is removed in the decarbonator 20. On the other hand, in
the buffer tank 29, the permeate water of reverse osmosis membrane
and the concentrated water are mixed and then supplied to the
concentrating chamber 11.
As the EDI unit 10 in any of the sysuytems shown in Figs. 1
20 through 3, a first EDI unit in which caFion exchange membrane and
anion exchange membrane are alternately provided between an anode
chamber having an ancde and a cathode chamber having a cathode and
which has a desalination chamber in which a side near the anocde

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

25 is demarcated by a cation exchange membrane and a concentrating
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is filled with an ani on exchanger may be used or a second EDI unit 5
having a structure simlar to the first EDI unit except that the
anode side of the anion exchange nenbrane in the concentrating
chanber is filled with a m xture ion exchanger of a cation exchanger
and an ani'on exchanger instead of the anion exchanger may be used.
As the anion exchanger and the cation exchanger in the second 10 ED
unit, materials simlar to those described above regarding the
operation s may he used.  Exa s of formns of m r of
mxture i oﬁ%&‘g}‘? nger A8 Bdelds 8Fg}:e)xt§1rrp 809 il %?]'Fﬁa)r%e%tﬁ 5 o%p&m
ani on exchan r._and a catlon &X e n

| n V\Ihl Ch t h% alpggrﬁem ranefe f he e neagr Ehea tl'?ocig %é ngﬁaf&rle% ggm tﬁ.{OTiS

cati1on exchanger 1 ncreases f

si de near the anion e %Qanganaﬁg,% A sqva%rodz Lo Cal OfL BGRB8 rane
re

menbr ane. § ?Thege I I's ho Sll’a |'e to use the m xtur

exchange resi rh't Ee gl gn 5#%@8&0&&% exc;{h@e GRLL Yk Q&%&%ﬂa%dﬁﬁ?ﬂt

i ncreases from e near the anlo ange nenbrane toward

cation ex Ch]g%\gﬁ'}%;m?np{%urwgﬂnﬁlé@t@ S ¥SL U GprbeeAUSEcEDE Bt the

per cent age ani on exchanger (ani on exchange resin) at the side

of the catiQn, AXCHANGE HIBIDIANS: dhind Oerii el ifihe ddnckit PASHGRINGmHEP
reliably reduce the concentration of free carbon dioxide near the

cation exchange 1MeabsAnea A0Led MbheMbaghet e ReEsenmeRcRingrhend
cation exchanger increases fromthe side near the anion exchange 25

menbr ane t oy@rhilbReegatde rexabasge orerhe adieiort Becipetirenhagefuse36
cation exchange rein within the m xture ion exchange resin, and the

degree of cross-hsnkagendn thehaaidroahexehangeos estitamgy ethsisecbad
to those described above regarding the operation nethods.

10 EDI unit, materials similar to those described above regarding the
operation methods may be used. Examples of forms of mixture of the
mixture ion exchanger include, for example, a uniform mixture of
an anion exchanger and a cation exchanger and a mixture ion exchanger
in which the percentage of the cation exchanger increases from the

15 side near the anion exchange membrane toward the cation exchange
membrane. Of these, it is more desirable to use the mixture ion
exchange resin in which the percentage of the cation exchange resin
increases from the side near the anion exchange membrane toward
the cation exchange membrane. With such a structure, because the

20 percentage of the anion exchanger (anion exchange resin) at the
side of the cation exchange membrane is low, and thus, it is possible
to reliably reduce the concentration of free carbon dioxide near
the cation exchange membrane. The form in which the percentage of

the cation exchanger increases from the side near the anion exchange

25 membrane toward the cation exchange membrane, the percentage of
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It is also preferable to enploy a structure of the EDI unit 5 with
smal | desalination chanbers as shown in Fig. 5. It is possible to
use the EDI unit having the structure as shown in Fig. 5 as first or
second EDI unit described above. In the EDI of the first exanple
structure shown in Figs. 1 through 3, the water to be treated which
is supplied to the 10 desalination chanber 12 is treated water of

t he decarbonator 20, and thus, the carbon dioxide is renoved. On the

ot her ha“d’c{ﬁieo%aEQQHan | Qxlide, | iregggir?i_i{u%r% %QS’ éé%%‘gé%%‘n’;@{sflni,sand

supplied to concentrating cha S n

because the.ALRL, oL Sof IALRD) { PEIIIPAe) YALET o0 o ALrBYET €. 4TS e

menbr ane, possi bl'e to supply, g concentrating

11, water héﬂﬂqfr Eset%og@r@e%r%]@éia%%vetr@gag ngentration 0egessarys,

for inhibiting ormation of scales while Teducing the concentration

of free carbon dioxi dg swhiCd¥d:Sp8e |1QadnPN.§ Res d83akI-Dal# @R HIATRRLL
12. [Exanple structure 2] 20 An EDI unit according to a second

exanpl e st rctiiiR Of ot 51 1 RReSENhahBYLNLLE AR LS 1R HQVice IhiWHELRib1e
cation exchange nenbranes and ani on exchange nenbranes are

al t er nat el yt pr,QuiGRIz PELWEE MM ng AMRAS :6RANDETa shawdWhgdi @1 8N Gdes ands@
cat hode chanber having a cathode and which has a desalination

chanber in ghighoadSEde nigar dkbersnedandbej s denmarcated by an anion
exchange menbrane and a side near the 37 cathode is demarcated by a
cation exchange mentiarEnr andcige f6OHEeHamdl b Ng: ralranbersichimwin Ghiga. 1
side near the anode is demarcated by a cation exchange nenbrane, a
si de near thercabhcde tite denmrcabethe treated which is supplied to the

10 desalination chamber 12 is treated water of the decarbonator 20,
and thus, the carbondioxide is removed. Onthe other hand, no carbon
dioxide is removed from the water which is supplied to the
concentrating chamber 11. In this embodiment, because the water
is treated (permeate) water of a reverse osmosis membrane, it is

15 possible to supply, to the concentrating chamber 11, water having
free carbon dioxide at a concentratlon necessary for inhibiting
formation of scales while reducing the concentration of free carbon
dioxide which is a load on the desalination chamber 12.

[Example structure 2]

20 An EDI unit according to a second exzample structure of the
present invention is a deviece in which cation exchange membranes
and anion exchange membranes are alternately provided between an
anode chamber having an anode and a cathode chamber having a cathode

and which has a desalination chamber in which a side near the anode

25 is demarcated by an anicon exchange membrane and a side near the
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by an ani on exchange nenbrane, an ani on exchanger is provided on 5

t he anode side of the anion exchange nmenbrane, and a water perneating
mat eri al having no strong basic anion exchange group is provided

bet ween the ani on exchanger and the cati on exchange nenbrane. The
water to be treated by the EDI unit of the second exanple structure
is not limted, and may be, for exanple, treated water 10 of a
decarbonator. The water to be supplied to the concentrating chanber
isnot limte Iong as the wa% contajins free carbon dioxide,

Lhe ani on exCiBer BrEETHE NaHoPTpet nERiHy RPEPFl TR s
simlar to those de crlb bove reg: t he operati , tho S y
e used. | 15 T AHEST Pe LT ARAT S aBoH ixa & BP0 FRESE (AT GRETH
of the desalinati.on chamber is. not

otructures Phg SRR THTeRgr "eRaNT, “Hige reatde %?Ytr?e?&eblé Tpnggoated

[ Exanpl e structure. 31 An EDI _uni of a third exanple structure w.l|
now be descr¥bed gﬁ?)n RO m £ ne’ £ af—uon AT ersclﬁe]i?racfmcled on

di-agram ghoy ng, af. EPhe onhhoseoBQQCEQﬁ%éjﬁml ¢ a%tdr U&éégrepcﬁﬁnﬁafixg%e

4, elements i1dentical tot shown | “are assign

reference nyneral.s hé‘\?ﬂqg\’\%kl ﬂgptngbgagfé% llgﬁ??] %hee fﬁ%‘%gt b? pﬁ:ovxded

difference wll primarily b escri e struc

no decarbonéﬁéwéeﬂp§5£GEHH6%5eQEhéHbé¥D%antﬂe3%%%1B§Vé£ELd%gge§éHHﬂaﬁE'0“
chanber 12a and a 38 concentrating chanber Ila is provided,

reverse osnosis mgEhARe +A8¥I1GR38dIS, PROYDEGH: ta8k €KL lscRLRE e%%mﬂspé
pernmeate water of the reverse osnosis nenbrane device 30 and an
i ntroducti Oé}tﬂiq@_@régfs not limited, and may be, for example, treated water

10 of a decarbonator. The water to be supplied to the concentrating
chamber is not limited as long as the water contains free carbon
dioxide. As the anion exchanger and the water permeating material,
structures similar to those described above regarding the operation
methods may be used.

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

[Example structure 3}
&n EDI unit of a third example structure will now be described

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

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

25 of an EDI unit 10a having a desalination chamber 12a and a
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for water to be treated by the EDI unit 10a are connected, and the 5
i ntroduction pipe 19 for perneated water is branched to forma supply
pi pe 191 of concentrate water. In this third exanple structure, a
devi ce having a structure as shown in Fig. 5 and descri bed above is
used as the EDI unit. An anion exchanger is filled into second snal
desal i nati on chanbers 10 d2, d4, d6, and de into which water to be
treated flows and a m xture ion exchanger is filled into first snal
desal i nati on chanbers dl, d3, d5, and d7 having the exit water of
the second eRfAantdasany aRMBAT ldRahb@roasdethe AVERYEE SE PHOSE P drbEans n
this configuration, silica, carbonic acid, and the |like can be
removed botBeyire AR L2 dUndidndi 12 Sxyeguipenh? i T EREARIC HABRE 1€ the
first small desalination chanber. Because of this, it is possible

suf fici entl?eY%Qﬁﬁ:Oﬁﬁf%&stm?mﬁéan?r4§ﬂﬁ§8 AAATg 23 F%ﬁiﬁ?u&ﬁbﬁﬁtp%ﬂe 19
silica and weak acidic conpositions such as carbonic acid which is
particul arl f‘/OJEjl""FFFELHOt PE g %ﬁﬁﬁleby &R lah? oh 186ni)’i?si:?‘?’b“ﬁ§8drtar}dsthe
possible_to, omt the decarhagn r 20 for reducin ree. carbon_di oxi de
b a pre?reawe%‘l%w RDERY T A R E SR E5 - ERARDIE B ARCERE 1000
dei oni zed “aterJ%% CIQ QpaQatus i.n which four deionization

nodul es (e| P* d&¥ai T vafion” éhanbers) are 25 provided in

paralle! simlar 3&?t§££¥%&gm lSQQWGEdJ} thde§1$@%a §§ %ngr%@g§é
Ao at | bed

t he devi ce speci i'on and ope Fon conditT ons as - des

bel o Per ngat gyt of, plo a o GUAT A€ SRS S RIMLADE.4 L, R e

industrial water was used as water to be treate

An anion exchanger is filled into second small desalination chambers

‘10 d;, d4, ds, and ds into which water to be treated flows and a mixture

ion exchanger is filled into first small desalination chambers di,

ds, ds, and d; having the exit water of the second small desalination

chamber as the water to be treated. In this configuration, silica,

carbenic acid, and the like can be removed both in the second small

15 desalination chamber and the first small desalination chamber.

Because of this, it is possible to sufficiently treat water to be

treated having a large amount of silica and weak acidic compositions

such as carbonic acid which is particularly difficuit to remove

among anion compositions. It is possible to omit the decarbonator

20 for reducing free carbon dioxide as a pretreatment of the EDI unit.

[Examples!

Example 1

An EDI deionized water producing apparatus in which four

deionization modules {(eight small desalination chambers) are

25 provided in parallel similar to the structure shown in Fig. 5 was
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t he hardness of the water to be treated being 1000 pg CaC33/1 and 5

t he concentration of free carbon dioxide being 4ngC02/1. Inaddition,
a portion of the water to be treated was used directly as the
concentrate water and el ectrode water. The operation tinme was 4000
hours and presence of scales in the concentrating chanber after 4000
hours was observed. Resistivity of the treated water and 10 operation
conditions after the operation of 4000 hour period are shown in

il R B R B O

hge TTénbr ane:
e B S g i
ﬂxﬁﬂlgnrgﬁ?ﬁj&igﬁggﬁ L’l‘?t(/’-‘\f‘ a“ﬁaateg?tt 1§)Jnus:exgﬁange rggijé((%%’aé; %d :‘Tl%
(rzggimr::e][i. W%}T‘nt o%r; m Fel §8f) OI © I_trg ness%n? 0 %ﬁ eg%aanaggj
resin; ncg-‘n racieﬁgrac%lor?bmgpﬁ’%%% &93&9&%?%%?{%%06/% q?ﬁ?é%\?s}ge

2 25 mm 4%0;', éCQE‘”%‘ resldy L 'bsdtw;t%dcQﬂagengé@taﬂgaceh@np@r@m
CGel type s rong basi ¢ ani on exchange resin (Amberlite | RA-402BL)

Rate of fl(y%ﬂd%n9¥§{éhgtgfghﬁ%degtgoﬁgégher. The operation time was 4000
hours and presence of scales in the concentrating chamber after
4000 hours was observed. Resistivity of the treated water and

10 operation conditions after the operation of 4000 hour period are
shown in Table 1.
{Operation conditions}
EDI deionized water producing apparatus: Prototype EDI unit;
Intermediate ion exchange membrane: Anion exchange membrane;
15 First small desalination chamber: Width 100 mm, Height 300 mm,
thickness 4 mm;
Ion exchange resin filled into first small desalination chambers:
Mixture ion exchange resin of anion exchange resin (A) and cation
exchange resin (C) (with mixture ratio in volume of A:C = 1:1);
20 Second small desalination chamber: Width 100 mm, Height 300 mm,
thickness 8 mm;
Ton exchange resin £illed into second small desalination chambers:
Anion exchange resin;
Concentrating chamber: Width 100 mm, Height 300 mm, thickness 2

25 mm;
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5 Exanple 2 An operation simlar to that for the Exanple 1 was
performed except that a m xture ion exchange resin of a cation
exchange resin (Anberlyst30Ww th a degree of cross-linkage of 4%
and a gel type strong basic anion exchange resin (Anberlite

| RA-402BL) (with a 10 mixture ratio of AAC = 1:1 in volune) was
filled in the concentrating chanber instead of the gel type strong
basi ¢ ani on exchange resin (Anberlitel RA-402BL). Resistivity of the
treated water after 4000 hours of operation and operational

condi tions &P BIHANIF nreFabl é1lled IntexeniscatBatmopbrErSsn Sehitlvae
to that for the Exanple 1 was perforned except that a gel type
strong basi 850 E%?ﬂﬁaﬁ@@°Pe§¥?@ﬂﬂﬂﬁbé??%q:éAm?$@i%$82E§31ﬂ93?ﬁg an
effective size of 0.45 nmm was_filled in the 20,anode side of the
ani on exchafRge® bl dhett V& eht HaTeSE: of 107 nst eadof the gel
type strong basic anion exchange resin (Anberlite |RA-402BL) filled
in the concentrating chanber and a nmesh-shaped structure having a
nesh size of, éﬁl hes is filled between the gel type strongly basic
ani on exchange resin and the cation exchange 25 nenbrane to a

thickness of 0. %nrepera%%ﬁtsiﬁ&&xf%fo Eﬁd.get %59%@%\5@%“1 ﬁagsns%ﬁrgégoo

hours of operation and operational conditions are s

Conpar at i vee beatla $iiARuOREIAl Qa8 EB143E 1 1@ 4 Bat ; 0L L8 Bk e
1 was perforne

{Amberlyst30W with a degree of cross=linkage of 4%) and a gel type
strong basic anion exchange resin (Amberlite IRA-402BL) {with a
10 mixtureratiocoof A:C=1:1involume) was filled in the concentrating
chamber instead of the gel type strong basic anion exchange resin
(Amberlite TRA-402BL). Resistivityof the treatedwater after 4000
hours of operation and operational conditions are shown in Table
1.
15
Example 3
An operation similar to that for the Example 1 was performed
except that a gel type strong basic anion exchange resin (Amberlite
IRA-402BL having an effective size of 0.45 mm) was filled in the
20 anode side of the anion exchange membrane to a thickness of 1.7
mminsteadof thegel typestrongbasicanionexchangeresin (Amberlite
IRA-402BL) filled in the concentrating chamber and a mesh-shaped
structure having a mesh size of 60 meshes is filled between the
gel type strongly basic anion exchange resin and the cation exchange

25 membrane to a thickness of 0.3 mm. Resistivity of the treated water
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except that a nesh-shaped structure having a nesh size of 12 neshes
and a thickness of 1 nmwas filled instead of the gel type strong
basi ¢ ani on exchange resin (I RA-402BL) filled into the concentrating
chanber and the thickness of the concentrating chanber was set to 10
1 mm In the Conparative Exanple 1, because the voltage reached 250
V after 100 hours of operation, the operation of the apparatus was
st opped and presence of scales within the concentrating chanber was
observed. Re |st| tre ted wat er aft.er ours

operation aht’ orpe¥b§ ¥18n5F cr:keﬁ%ﬁ]tal NS G ORAGI OPA 'f':é’B éttonsl%re shown
Conpar ati ve, Ege%ﬁle 2 An operation simlar to that for the Exanple 1
was perforned except t hat perneate water of reverse osnosis nenbrane
treating industrial water ronoved from which carbon dioxi de was

t hrough a 20 nenbrane type degasifier was used instead of perneate

wat er of §E§ | S Jembrane treating industrial water. In the
Conparatlvea %at? ggéﬁﬁncagge the voltage reached 250 V after 150

hours of 5 oper at ban,pd e soperathan f chhe APRALAELS,HAS: Sk ppoee&ogtag%

presence of scales wthin the concentrating c was obpserve

Resi sti Vit yeQfedihendd gat@s%_%tséd %tteet&éohmltt a2 @k sRR8T, %ﬁ;@%@@

operational conditions are shown in Table 1. [Table 1]

gggfﬁggﬂ V&n&@%ﬁc%mm%ﬂz wlﬁzgdslrg)éé‘ygl-c% %hgwlcgpe_z strong

basic anion exchange resin (IRA-402BL) filled into the concentrating
chamber and the thickness of the concentrating chamber was set to
10 1 mm. In the Comparative Example 1, because the voltage reached
250 vV after 100 hours of operation, the operation of the apparatus
was stopped and presence of scales within the concentrating chamber
was observed. Resistivity of the treated water after 100 hours of
operation and operational conditions are shown in Table 1.
15
Comparative Example 2
An operation similar to that for the Example 1 was performed
except that permeate water of reverse osmosis membrane treating
industrial water romoved from which carbon dioxide was through a
20 membranetypedegasifierwasusedinstesadof permeatewater of raverse
osmosis membrane treating industrial water. In the Comparative
Example 2, because the voltage reached 250 V after 150 hours of
operation, the operation of the apparatus was stopped and presence
of scales within the concentrating chamber was obserwved.

25 Resistivity of the treated water after 150 hours of operation and
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VOLATAGE (V) 75 80 80 250 250 CURRENT (A) 0.6 0.6 0.6 0.6 0.6
RESI STIVITY OF TREATED WATER (MD cnm) 17.0 17.5 17.9 10.5 11.0
PRESENCE OF NOT NOT NOT SCALES OBSERVED OBSERVED OBSERVED OBSERVED
OVSERVED As descri bed,
possi ble to solve the problemof formation of scales by controlling

conditions of water to be supplied to the concentrating chanber
unit and to achieve a stable operation w thout noticeable

t he EDI

according to the present enbodi nent,

it is 5

of

amount of fopaBLi MhAf S8l @Snd LhENsHdie, ¢aneantd ati on chanber even
in a continuous treatnment for a long period of tine of water to 10 be

addi ti on,

stabilized,
desal i nati ¢
power consy

for operati

appar at us ¢QBRATasENGs) |

cat hode chd
side near t

treated havi pgag diigh concentration of hardness conponents. In ro
the conductivity within the concentrating chanber can be
uniform cufréent density can| be obtal DQ@AIRBTMEe EIUMPARATIVE
n chamber f1omihe GUbaanGe; pLASsLO, | BeuXLl i deyand. ,
nption can be reduced. S c al ne . net hod
ﬁ@E@WDelectrodeionization de| oni zed water 5 producing
et ween argpanode cémnber hawi ng an anade and a
frgiLhede-ma-des al-inati-on ghanber iq)%hich a
e Gde™ s |de rcated by an| ani on 0. )
RESISTIVITY
OF TREATED
WATER
(M2 cm) 17.0 17.5 17.9 10.5 11.90
PRESENCE OF | NOT NOT NOT
SCALES OBSERVED | OBSERVED { OBSERVED | OBSERVED OVSERVED
As described, according to the present embodiment, it is

10

possible to solve the problem of formatiocon of scales by controlling

conditions of water to be supplied to the concentrating chamber

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

amount of formation of scales within the concentration chamber even

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

be treated having a high concentration of hardness components.,

In

addition, the conductivity within the concentrating chamber can

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

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

power consumption can be reduced.
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exchange nmenbrane and a side near the cathode is denmarcated by a
cation exchange nmenbrane and a concentrating chanber in which a 10
side near the anode is denmarcated by a cati on exchange nenbrane, a
side near the cathode is denmarcated by an ani on exchange nenbrane,
and the anode side of the anion exchange nmenbrane is filled with an
ani on exchanger, the nethod conprising the step of: supplying water
containing free carbon dioxide to the 15 concentrating chanber. 2. A
nmet hod for operating an el ectrode ionization deionized water
producing agparatus conpri sing, between an anode chanber having an
anode andhat cht kddénehaer having a cat hode, a desalination 20
chanber in which a side near the anode is denmarcated by an anion
exchange nmenbrane and a side near the cathode is denarcated by a
cation exchange nenbrane and a concentrating chapber in which a side
near thelanod® T&° ¢aPBA By Y éﬁtFéﬁc%ﬁéa%éﬁﬁézﬁﬁﬁﬂﬁrgﬁéo%&ﬁfd yater
si de pear th cat hode it denar cat ed b¥1§n ani on exchanﬁe memr ane 25
and whi cRTONTENt PRETRY ChaiBBF T4 % IMS6H°W t 1 £ 111Kt Gra™y T "aving an
exchanger a ni on ng d a,cation_exchanger, 44 wher.ein.
The m ot EPes oA B R, L o c GNP o] ng cHaRbET=Le°h

m xture %H%@%ﬁf?ﬁ@gﬁﬁghnamﬁhﬁg Rea POl LN 9k HR. FAIIN %QanEén

increases e side near the anion exchange nmenbrane t_mard
si de ”ea%xéll?&gce?txde%r%&hmea o1 I HYaNg et f&%tﬂg&é‘oﬁ C&Hmrr'{;akél@ }S)hea
e

step of: supplying water containing free carbon dioxide to
cation exchange membrane and a concentrating chamber in which a
10 side near the anode is demarcated by a cation exchange membrane, a
side near the cathode is demarcated by an anion exchange membrane,
and the ancde side of the anion exchange membrane is filled with an
anion exchanger, the method comprising the step of:

supplying water «containing free <carbon dioxide to the

15 concentrating chamber.

2. A method for operating an electrodeioconization deionized water
producing apparatus comprising, between an anode chamber having an
anode and a cathode chamber having a cathode, a desalination
20 chamber in which a side near the anode is demarcated by an anion
exchange membrane and a side near the cathode is demarcated by a
cation exchange membrane and a concentrating chamber in which a
side near the anode is demarcated by a cation exchange membrane and
a side near the cathode is demarcated by an anion exchange membrane
25 and which concentrating chamber is filled with 2 mixture ion

exchanger of an anion exchanger and a cation exchanger,
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concentrating chanber. 10 3. A nethod for operating an

el ectrodei oni zati on dei oni zed water produci ng apparatus according to
Claiml, wherein in the concentrating chanber, an ani on exchanger is
provi ded on the anode side of the anion exchange nmenbrane and a

wat er permeating material having no strongly by basic anion exchange
15 group is provided between the ani on exchanger and the cation
exchange nmenbrane. 4. A method for operating an el ectrode ionization
dei oni zed wat BRer$odutity BpPEFER usi@RcordFhgnddr an§ibriE of idai nha
through 3, 20 wherein _the water to be supplied to the concentratlng
chanber F§n9@ﬁ§£atlﬂ%vﬁﬁ@mﬁeéoﬁﬁénﬁrdFPGWISf e SEERHAT i ORI d& 16k
0.5 ng-C02/1 - 200 - C02/ 1 An e| ectrodei nlza i on, dei oni zed
wat er pr 88GETHG 9y 8f e hawitg™ %E"rF 88t r BiEi6iF 2at T8h 481 DhT % & hat &Y
prodUC|n% appar at us, mhemgrane4gggp% %gectrgdelonlzgglon geIOHIZ%d
wat er At ng*apparafus Tonpri€és, bt wéen AR ansde Chat ARaN)
an angdem a cathode chanber having a cathode, a desallnatlon
chanber 1'n mﬂléﬂ a side near the anode is demarcated by an anion

exchange nenbrane and,a engeal. tthe cathode is demarcated by a
cation exchange menbr ane E%% ggcoﬁ%entra€%ng chanmber in which a side

near the anOdgdﬁﬁlyl@%nﬁE\rQé&@d Dhi@ 1 62hd 0N AXChANYBHEMBIANGe atsl d‘é‘he
near the catho i s denmarcated by an ani on exchange nenbrane, and

the anodecsédde Qfint h&amken exchange nmenbrane is filled with an
ani on exchanger;
1¢ 3. A methed for operating an electrodeionization deionized water
producing apparatus according to Claim 1, wherein
in the concentrating chamber, an anion exchanger is provided
on the ancde side of the anicn exchange membrane and a water
permeating material having no strongly by basic anion exchange
15 group 1s provided between the anion exchanger and the cation

exchange membrane.

4. A method for operating an electrodeionization deionized water
producing apparatus according to any one of Claims 1 through 3,
20 wherein

the water to be supplied to the concentrating chamber is water

having a concentration of free carbon dioxide of 0.5 mg-C0O,/1 - 200
mg-CO;/1.
25 5. An electrodeionization delonized water producing system having

an electrodeionization deicnized water producing apparatus, wherein
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10 a decarbonator is provided upstream of the el ectrodeionization

dei oni zed wat er produci ng apparatus; treated water of the
decarbonator is supplied to the desalination chanber of the

el ectrodei oni zati on dei oni zed water produci ng apparatus; and 15
water to be treated by the decarbonator is supplied, wthout being
treated by the decarbonator, to the concentrating chanber of the

el ectrodei oni zati on dei oni zed water produci ng apparatus. 6. An

el ectrodei oni 2t | ehcdeiigizedzatdcar Jrioddeetgweyst eprpdnvding DPagatus
el ectrodei oni zati on wat er produci ng apparatus, wherein the

el ect r odePopi &t oRetedni e NREE e FhprisudiaYg nappar akelde &6y icgsiode
bet ween an anode chanber havi ng an anode and a cat hode chanber '
havi ng ackattfddd avandedal’PhlPion ThamtFelPrRlohi ermpesi d8 “Réap ehéide
anode is demarcated by an ani on exchange nenbrane and a 25_si de near
the cat hB8RT i s"YethitdCatidd BF2A°THG o NcHange FERBIAife "o Rrang nd @

trati h in which a sid th de is 46
domar bat SR By e Ao R ERBne FEGFARE dhtl & C1ge naArPihe TEAPRYT:

is denarcaéed Qy an_ani.on exqpﬁgge nenbran% and w@ich coggentrq}ing
an a Cncen F]atlnr% a r 1N WwWilc 2 SJf e neaxr . 2 darl e =
chanber s filled w a xture i on exchanger of an ~ani on exchanger

and a_capion, exchanger. WHesel N B.Hhe HLELULE | N EXENAIETL I dihfoae

concentrati ng IS a mxture i on exchanger

percent age Qi 4G catL P SXLNAAIELchd RN GRAESa:{d, OBk Sl Qr?o&%e%&d& hge

ani on exchange menbrane toward the side near the cation exchange
menbraneynd AeCAr BRAM Qe henbFAW deds UPSIy am 0fn teR8on exchanger;

el ectrodei oni zati on
10 a decarbonator is provided upstream of the electrodeionization
deionized water producing apparatus;
treated water of the decarbonator is supplied to the
desalination chamber of the electrodeionization deionized water
producing apparatus; and
15 water to be treated by the decarbonator is supplied, without

being treated by the decarbonator, to the concentrating chamber of

the electrodeionization deionized water producing apparatus.

6. An electrodeionization deionized water producing system having

20 an electrodeionization water producing apparatus, whearein
the electrodeicnization deionized water producing apparatus
comprises, between an anode chamber having an anode and a cathode
chamber having a cathode, a desalination chamber in which a side
near the anode is demarcated by an anion exchange membrane and a
25 side near the cathode is demarcated by a cation exchange membrane,

and a concentrating chamber in which a side near the anode 1is
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10 deioni zed wat er produci ng apparatus; treated water of the
decarbonator is supplied to the desalination chanber of the

el ectrodei oni zati on water producing apparatus; and water to be
treated of the decarabonator is supplied, without 15 being treated
by decarbonator, to the concentrating chanber of the

el ectrodei oni zati on dei oni zed water producing apparatus. 7. An

el ectrodei oni zati on dei oni zed water produci ng apparatus conpri sing,
bet ween demamnededchHanber dsaving sxrhamose mamoranecathbde PQec hegryer the
havi ng a cat hode, a desalination chanber in which a side near the
anode i scadeansr cht edebyraategnilon ercliaige rmxebrane a/UPERRS dentdeghich
the cathode is demarcated by a cation exchange nmenbrane; and a
concent r SPRFRJ ICRARBEr charbREi éR Al Sisfe "néhr 2t RexE@Gde o sexgmnger of an
dermarcated, by a cati on exchange nenbrane, a sjde near the cathode is
demar cat 88 By XFPaRT TN 2EKc AaThfe e AT HHE S Tan" 3T O exchanger is 47
provi ded on the anode side of the anion exchange ngnbtane, and a |
wat er” per neat Fig Tt & cal* *Radih a%erst%n%ey cﬁ§§% Hhilod EReNATgels @

group is_provi ded between the aq{.on exchan%eara gnd ttme i on
0

ca
h
axchange™ NI ane™ 5 G s "ot Bt Hotte foRT & 81 O] CdSF orics 64 Cvih epechanger:

duci t IS '
produci ”gngPeDa%re% ggmc QML LE! O, Q%re"‘%{‘%rg&xféﬂgglgee g%"?n%'?%e hay.ng ng%‘er

anode an cat ho anber having a cat I nation cha

in MhiChsgdéiﬁg%rn@ﬁé é4¥%oﬂng§%%éﬁ%e membrane;

a decarbonator is provided upstream of the electrodeionization
10 deionized water producing apparatus;
treated water of the decarbonator is supplied to the
desalination chamber o¢f the electrodeionization water producing
apparatus; and
water to be treated of the decarabonator is supplied, without
15 being treated by decarbonator, to the concentrating chamber of the

electrodeionization deionized water producing apparatus.

7. An electrodeionization delonized water producing apparatus
comprising, between an anode chamber having an anode and a cathode
20 chamber having a cathode,

a desalination chamber in which a side near the anode 1is
demarcated by an anion exchange membrane and a side near the
cathode is demarcated by a cation exchange membrane; and

a concentrating chamber in which a side near the anode 1is

25 demarcated by a cation exchange membrane, a side near the cathode

is demarcated by an anion exchange membrane, an anion exchanger is
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10 demarcated by an ani on exchange nenbrane and a side near the
cathode is denmarcated by a cation exchange nenbrane and which
desal i nati on chanber has two small desalination chanbers separated
by an internedi ate i on exchange nmenbrane provi ded between the anion
exchange nmenbrane and the cati on exchange nmenbrane; and 15 a
concentrating chanber in which a side near the anode is denarcated
by a cation exchange nenbrane and a side near the cathode is

demar cat aedvipedarpranihen aexdhangde nefrbtlameamitdh whicbhnge omgenianat | Aagd a
chanber is filled with a m xture ion exchanger of an anion exchanger
and a cawpber excivEageny wherwial 20vihe NP xstr@dlon bexthangm isrcbhege
concentrating chanber is a mxture ion exchanger in which a

percent ag€ce¥ tihe RERVIGRIeHidRGer thenciee¥es eFeiidHe ¥1de thearcafhen
ani on exchange nenbrane toward the side near the cation exchange
merbr ane S*GHEISS AeRRT /st r eam decarbonator is onitted and perneate
matersof a 25 reverse osnosis nenbrane device is directly used as
water“to be treated and water to be supplied to the concentrating

hanb 48 An el ectrad tion deioni t d
appar at ud” coﬁ%r%&?ﬁg& CCRBER- LR RO CRANDEE=haViRGLaN Dt 2Rt

cat hode _chanber a%éE%%é% %tgggg? %m%y%esgllnatlona%hgnbaﬁ%ﬁ%cﬁghoge

a side néartthe an denar ca an ani on exchange
and a side, nheng cathedgqls demarcated by a cation exchange
nmenbr ane an ich desalination chanber has two small desalination

chamber s SepaﬁakﬁgalgMnﬁ%n'Qh%&%@g'%EexhﬂQhe&§h§ﬂﬂ§ REfbr ane proyd ded
bet ween t he ani on

10 demarcated by an anion exchange membrane and a side near the
cathode 1is demarcated by a cation exchange membrane and which
desalination chamber has two small desalination chambers separated
by an intermediate ion exchange membrane provided between the anion
exchange membrane and the cation exchange membrane; and

15 a concentrating chamber 1in which a side near the anode 1is
demarcated by a cation exchange membrane and a side near the
cathode 1is demarcataed by an anion exchange membrane and which
concentrating chamber is filled with a mixture ion exchanger of an
anion exchanger and a cation exchanger, wherein

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

an upstream decarbonator is omitted and permeate water of a

25 reverse osmosis membrane device is directly used as water to be

treated and water to be supplied to the concentrating chamber.
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10 exchange nenbrane and the cation exchange nenbrane; and a
concentrating chanber in which a side near the anode is denarcated
by a cation exchange nenbrane, a side near the cathode is denarcated
by an ani on exchange nenbrane, the anode side of the anion exchange
menbrane is filled with an ani on exchanger, and a 15 water perneating
mat eri al having no strongly basic anion exchange group is provided
bet ween the ani on exchanger and the cation exchange nenbrane;
wherei n an upstream decarbonator is onmtted and perneate water of a
reverse osnosis nenbrane device is directly used as water to be 20
treated dnd wAPerclitt6tHRASHIBIEREHCR o dEhRN E It etiR T2t | RO EHaTTer aPREgatus

comprising, between an anode chamber having an anode and a cathode
chamber having a cathode:

5 a desalination chamber in which a side near the anode is
demarcated by an anion exchange membrane and a side near the
cathode 1is demarcated by a cation exchange membrane and which
desalination chamber has two small desalination chambers separated
by an intermediate ion exchange membrane provided between the anion

10 exchange membrane and the cation exchange membrane; and
a concentrating chamber in which a side near the anode is
demarcated by a cation exchange membrane, a side near the cathode
is demarcated by an anion exchange membrane, the anode side of the
anion exchange membrane is filled with an anion exchanger, and a
15 water permeating material having no strongly basic anion exchange
group 1s provided between the anion exchanger and the cation
exchange membrane; wherein
an upstream decarbonator is omitted and permeate water of a
reverse osmosis membrane device is directly used as water to be

20 treated and water to be supplied to the concentrating chamber.

49



