El ectric Deionization Device And El ectric Deionization Method Field of the
I nvention [00011 The present invention relates to an el ectrodei oni zation
apparatus used for produci ng deionized water in various fields including
sem conduct or manufacturing, liquid crystal display manufacturing,
pharmaceuti cal manufacturing, food processing, and the |like. Mre

parti cul Eidotrichoeigsgindn ilmwent i omd ffﬁééﬁrﬁﬁﬂe@omtzbﬁoﬁ'm&*{lﬁ&ﬁje' oni zation
apparatus which produces treated water which is inproved in, resistivity
and renoving rate of weak electrolyte anions and is suitable to produce
hi ghly pure water continuously. Further nore, the present invention
relates to a nethod for el ectrode ionization which enploys the el ectrode
i oni zati on apparatus. Background of the Invention [00021 The

el ectro i atus used for producing the deionized water is
enpl oye?#eﬂﬂvéﬁtgggw@ﬁé@h ncl uding the sem conductor nmanufacturing

pl ant s, ll I i qui d cryst al display rranuf acturing plants, the food
processilfy Hdust rk eﬂh‘@‘%élﬂécm\f@ltl@mme pleants mhei(s@holddneqm@tmmt s,

| abor at ori es and the like. Fig.6 shows a conventional el ectrodeioni zati on.
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including semiconductor manufacturing, liquid crystal display
manufacturing, pharmaceutical manufacturing, food processing,
and the like. More particularly the present invention relates to
the electrodeionization apparatus which produces treated wateru
which is improved in resistivity and removing rate of weak
electrolyte anions and is suitable to produce highly pure water
continuously. Further more, the present invention relates to a
method for electrodeionization which employs the

electrodeionization apparatus.

Background of the Invention

[0002] The electrodeionization apparatus used for producing
the deionized water is employed in various fields including the
semiconductor manufacturing plants, the liquid crystal display
manufacturing plants, the food processing industry, the electric
power plants, household equipments, laboratories and the like.

I'ig.6 shows a conventional electrodeionization apparatus in



arranged between el ectrodes (anode 1.1, cathode 12) in such a manner as to
alternately formconcentrating conpartnents 15 and desalting conpartnents
16, and the desalting conpartnents 16 are filled with ion exchangers 10.
In Fig.6, the reference nuneral 17 denotes an anodic conpartnent and the
nuneral 18 denotes a cathodic conpartnent. [0003) A part of the
concentrated water flown out fromthe concentrating conpartnent 15 is fed
into the anodic conpartnments 17 and the desalting conpartnents 18. [00041

In an el ewtriohei griuzatitynofppao at emschiin gieonse ramdadds i Bnendre forned by
di ssociation of the water to continuously regenerate the ion exchangers

filled i t cégggqﬂi t e 1.oni zati on

appar at u?p%%ﬁal@@??}fgagg??y el o%ggre}&)t%hrég\]/ﬁ\‘/gglgers \i/\n&tahlt;%ugﬁégggej%ééﬁg!{i on with
using agents which are enployed_ in _ a copnventional jon _exchange apparatus
whi ch i s afrangedatweenslestrodgs lanede Ad, C@Itgﬁd&’ob@sdﬁi saehah appar at us
produces highly pure water continuously, so that it is enployed widely in

a pure waheinner edued adtanpatedhufoien ddiecdhieetih8aadh feenenablty. 1 hen the
el ectrodei oni zati on apparatus Is 2 applied withthe electrical current
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16 are filled with ion exchangers 10. In Fig.6, the reference
numeral 17 denotes an anodic compartment and the numeral 18
denotes a cathodic compartment.
[0003] A part of the concentrated water flown out from the
concentrating compartment 15 is fed into the anodic
compartments 17 and the desalting compartments 18.
[0004] In an electrodeionization apparatus, H* ions and OH™
1ons are formed by dissociation of the water to continuously
regenerate the ion exchangers filled in the desalting
compartments so that the electrodeionization apparatus can
efficiently deionize the water without regeneration with using
agents which are employed in a conventional ion exchange
apparatus which is widely used for desalting water. An
electrodeionization apparatus produces highly pure water
continuously, so that it is employed widely in a pure water
producing apparatus or the like.

[0005] Generally, when the electrodeionization apparatus is



di ssoci ati on as described above to carry the electric charge. H+ ion has
mobility of 349.7 cn2 Q -1eg-1, which is very large in conparison with
that of the other ions (30 to 70 cn2 Q -1eg-1). Therefore, particularly
when the diluting conmpartnent has a |arge thickness W the difference of
the mobilities between H+ and OH is increased so that H+ tends to be

qui ckly discharged to the concentrating conpartnents and OH4 tends to
remain in the desalting conpartnent. Furthernore, Na+ and K+ also tend to

remai n i nappéiedbsalthi tige edsparitaboiusrbetasseddiesetheritRadvabgrintgnd H

ion carries the electrons, while the nulti - valent cations and ani ons

i ncludin H - i ar 9, .thercon trati conpartnments with
rel ati veg%é:glé?tyAswt eélsglr?ze ’u@?r,q t%gld%ll_gd&gfa %@é&h&gaggri ncl ude

nonoval eg&, al kal i, such _~as NaOH and KOH so that the product water

(dei oni zedlsgacaatiomasshescnibedonbara tacavrs the elaotyic chacget Bition (Na

| eak phenonenon). [0006] An el ectrodei onization apparatus in which a

desal ti ndorr bepanidiity of BUOV 7dad 2@ tizgrer Gilsrlh pakiirti Riygd bg for

dividing the desalting conmpartnent into cells being Idng i'n the vertical
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nto | Ongl’flglrlat%ortg I;zii}?ticiu?al\f\ﬂfi \thhér?ntheex(ci?ﬂ]t%ggrggrinnpsa?trnelent has a
large thickness W, the difference of the mobilities between H*
and OH™ is increased so that H* tends to be quickly discharged
to the concentrating compartments and OH™ tends to remain in
the desalting compartment. Furthermore, Nat and K+ also tend
to remain in the desalting compartments because these are
monovalent and H* ion carries the electrons, while the multi -
valent cations and anions including Ca?*, Mg?* are discharged to
the concentrating compartments with relative ease. As the
result, the product water tends to include monovalent alkali such
as NaOH and KOH so that the product water (deionized water)
becomes to contain Na ions at a high concentration (Na leak
phenomenon).
[0006] An electrodeionization apparatus in which a desalting
compartment 1s provided with vertical partition ribs for dividing

the desalting compartment into cells being long in the vertical

direction is disclosed in JP4-72567B. According to this



filled respectively, the channelizing phenonenon where the flow of water
fromthe inlet to the outlet of the desalting conpartnent is partially
one-sided is prevented and the conpression and the ion exchange resins in
the desalting conpartnment is prevented from bei ng conpressed or noved.

[ 0007] The desalting conpartnments are filled wth an equal anmount of anion
exchange resins and cation exchange resins so that the volunme ratio of the
ani on exchange resins is 50 vol.% [0008] In the el ectrodeionization

appar at uselectddde k25GABion tdispavabes lodvire thel desaihignédehpagavae the

cells are fornmed by dividing the desalting conpartnment in the vertical
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bl ocked gfy the ribs, so ,that the contact efficiency between the water and
the ion exHRdnkpspedively stheehanneligamgiphenonecion whateabhe flewi ns are

conpressed at |ower portions of the cells so that the cells have a vacancy

at upper gfowhiterSrbhetdef inlhetetie dletaiferiod dféédltn%the i on exchange
resins tends to be poor [ 0009] The applicant disclosed, in JP2001-25647A,
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and which has high filling density of the ion
compression and the ion exchange resins in the desalting
compartment is prevented from being compressed or moved.
[0007] The desalting compartments are filled with an equal
amount of anion exchange resins and cation exchange resins so
that the volume ratio of the anion exchange resins is 50 vol.%.
[0008]  In the electrodeionization apparatus of JP4-72567B,
the number of the cells is limited because the cells are formed by
dividing the desalting compartment in the vertical direction.
That is a large number of cells can not be formed in the
apparatus. Further, the flow of the water in a lateral direction is
blocked by the ribs, so that the contact efficiency between the
water and the ion exchange resins is poor. In addition, the ion
exchange resins are compressed at lower portions of the cells so
that the cells have a vacancy at upper portions thereof, whereby
the rate of filling the ion exchange resins tends to be poor.

[0009]  The applicant disclosed, in JP2001-25647A, an

electrodeionization apparatus which overcomes problems



exchanger. The applicant also disclosed, in JP2003-126862A, that this type
of el ectrodei oni zation apparatus is inproved in a desalting efficiency
when it has 60 to 80 vol.%of a volunme ratio of anion exchange resins in
the desalting conmpartnents. [0010] These el ectrodei oni zati on appar at uses
have desalting conpartnents, each of which is divided into a plurality of
cells by a partition nenber, and ion exchange resins are filled in the
respective cells. At least a part of the partition menber facing the cel

i s inclindeseribad above, amhactetease hi phveahtact efficendshbetwatear watdihe
desal ting conpartnent. The |ncI|ned part of the partition nenber allows
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i on excH&mjethwﬂypﬁmﬁ)&'letttrbdeldﬁtmmaﬁtappa@'mn%rltsylmkﬁﬂirbﬂ ihen a
plurality of ceI I s are arranged al ong the nenbrane surface both in the
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[0010] These electrodeionization apparatuses have desalting
compartments, each of which is divided into a plurality of cells
by a partition member, and ion exchange resins are filled in the
respective cells. At least a part of the partition member facing
the cell is inclined relative to an average flow direction of the
water in the desalting compartment. The inclined part of the
partition member allows permeation of the water, but prevents
the ion exchanger to pass therethrough. Therefore, at least a
part of the water flowing into the desalting compartment should
flow obliquely relative to the average flow direction of water, so
that the water is dispersed overall the desalting compartment,
thereby improving the contact efficiency between water and ion
exchanger and improving the deionization property.
[0011] When a plurality of cells are arranged along the

membrane surface both in the average flow direction of water

and a direction perpendicular to the average flow direction, (for

e



bet ween wat er and ion exchanger becones extrenely high. Since the height
of each cell is low, the ion exchanger is scarcely conpressed. A vacancy
is not formed at an upper portion in the <cell, and the cell is filled
evenly with the ion exchanger. [0012] Generally, in an el ectrodei oni zation
apparatus, ions contained in water to be treated nove froma desalting
conpartnent to a concentrating conpartnent depending on a potenti al

di fference between el ectrodes. Therefore, weak electrolytes including

car boni ¢ exampls, Iwbembhetdeparabuatmsar irgeonhenberovece fls ovhidle wat er
to be treated. For exanple, in an electrodeionization apparatus in which

the anio b I Q I i . P4- 725678,
the remualc rarargETERHicAly add Lt Lally e TRl TEisR ey,
JP2003- 126862A abo%&gr ef er,red di sgl oses %he el ectrodei gni zat,j on appar at us
in whi ch PRFWEEHOWateRaRd 19X XERENEIuDPROMGR SXITP R tment to

divide the desalting compartment into a plurality of cells surrounded by
the parti%ince thenberghtof eactatedniseboohatbe iverbreherget anseaialy
exchange menbrane, and the cells are filled with a m xture containing an
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the cati Oc%lﬁxgrqanﬁqee ‘co f Is ifﬁleec&) evenly with the ion exchanger.
[0012] Generally, in an electrodeionization apparatus, ions
contained in water to be treated move from a desalting
compartment to a concentrating compartment depending on a
potential difference between electrodes. Therefore, weak
electrolytes including carbonic acid, silica and the like are hard
to be removed from the water to be treated. For example, in an
electrodeionization apparatus in which the anion exchange resin
ratio is 50 volume% as described in JP4-72567B, the removal
rate of silica is as low as about 70 to 90%.
[0013]  JP2003-126862A above referred discloses the
electrodeionization apparatus in which partition members are
provided in a desalting compartment to divide the desalting
compartment into a plurality of cells surrounded by the partition
members and a cation exchange membrane and an anion

exchange membrane, and the cells are filled with a mixture

containing an anion exchange resin and a cation exchange resin



to 80 volune% in order to inprove the renoval rate of weak electrolytes.

[0014] The ratio of the anion exchange resin is nmade high in this Japanese
publication due to the foll owi ng reason: [0015] Carbonic acid (C02) as a
weak el ectrolyte changes to bicarbonate ion by ionization reaction with
hydroxide ion (OH) (C02+OH ~ HCO3-). [0016] The bi carbonate ion noves
fromthe desalting conmpartnment to the concentrating conpartnent through
the anion exchange nenbrane. Therefore, it is inportant for renoval of
car boni ¢ akhdrfikisg tatiprafithe arfien enchat}gmreemto dame tetred spommdty to

i nprove the nobility of the bicarbonate ion. In order to pronote the
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ion is require i's bro I SSO 1 on wat er

(H20- H+ + 17] The er di ssoci at es bet\/\ee the | n exchange
resins Ogbe‘t"iﬂ[égﬁ %\e“ﬂdﬁ HarBP EE fbgnte ey glom membr ane.
The hydrogen ion and the hydrOX|de i on produced betmeen the i on exchange

resins halectérslydet. | ifetime because they associate with each other again
in the desalting 7 conpartnment. Therefore, the O+ ions produced between

the ion [exphAnde nesd B3l ok ihel ARiGH NN IE ARG SSPEE RN in

this Japanese publication due to the following reason:

[0015] Carbonic acid (COg) as a weak electrolyte changes to
bicarbonate ion by ionization reaction with hydroxide ion (OH")
(CO2+0OH- — HCO3).

[0016] The bicarbonate ion moves from the desalting
compartment to the concentrating compartment through the
anion exchange membrane. Therefore, it is important for
removal of carbonic acid first to promote the ionization reaction,
and secondly to improve the mobility of the bicarbonate ion. In
order to promote the ionization reaction of carbonic acid
(formation of bicarbonate ion), OH™ ion is required to be fed, and
it is brought by dissociation of water (H:O—H* + OH").

[0017] The water dissociates between the ion exchange resins
and between the ion exchange resin and the ion exchange
membrane. The hydrogen ion and the hydroxide ion produced
between the ion exchange resins have a short lifetime because

they associate with each other again in the desalting



bet ween the cati on exchange nenbrane and ani on exchange nenbrane are
effective for ionizing carbonic acid. As the anount ratio of the anion
exchange resin is nade higher, the contact ratio of the ani on exchange
resin to the cation exchange nenbrane becones hi gher, thereby the anount

of the OH+ ions to be produced increases. As a result, the ionization
reaction of carbonic acid is pronoted. [0018] As the anmpbunt ratio of the
ani on exchange resin increases, the anount of O4 ions to be produced al so
i ncr easescompartrhentemiVhagefatee tdfe W " ilomss psodatediletavednbdsause t he
anount of H+ ions decreases, thereby the treated water is deteriorated in

resistivi I i % : adopti ng
the str ucgtdélr gkg?éﬁ%é gFéglt%%ggiei%%%i za %{Ejﬁgﬁgér(g’fqﬁgﬂ}?%&ﬁnggB%gﬁ%X7A above
referredmhgig whi cjaga desal tin compartnent is divided intq a plurality of
cells), wWAtEWCrE %E@EF%‘? SXEHAZANEM P A SR PP YON [ ERef er ence 1]
JP4-72567B [ Patent Reference 21 JP2001-25647A [Patent Reference 3]
JP2003- 12686k raH0a20]effectite forneentziagi errlinkaadehi cAactldei ncreases in

wat er, the equivalent electrical conductance al so increases in
amount ratio of the anion exchange resin is made higher, the
contact ratio of the anion exchange resin to the cation exchange
membrane becomes higher, thereby the amount of the OH ™ ions
to be produced increases. As a result, the ionization reaction of
carbonic acid is promoted.
[0018] As the amount ratio of the anion exchange resin
increases, the amount of OH™ ions to be produced also increases,
but the removing rate of Na* ions is deteriorated because the
amount of H* ions decreases, thereby the treated water is
deteriorated in resistivity.
[0019]  In JP2003-126862A, Na leakage is prevented by
adopting the structure of the electrodeionization apparatus in
JP2001-25647A above referred {in which a desalting
compartment is divided into a plurality of cells), which is
superior in the deionizing property.
[Patent Reference 1] JP4-72567B
[Patent Reference 2] JP2001-25647A

[Patent Reference 3] JP2003-126862A



accordance thereto whereby the current density required for deionization
becones higher than that in conventional apparatuses. Wen the anion
exchange resin is filled in a desalting conpartnment in a | arge anount
ratio, a voltage applied between the el ectrodes should be higher than when
the anion exchange resinis filled therein with an anmount ratio of 50% in
order to nmake the current density high. Wen the anion exchange resin is
filled in the esalting‘conpartnenp in an increased anmount ratio, the
cation rekiQ205 filAsdberenreentiationdef cenbediamidtincaenses\iien t he
volune ratio of the anion exchange resin in the desalting conpartnent is

| nor easedviten (RQ%d i REIdICA cBCYARCLA TR g resi

i ncreases by about three tines, at lons via the <cation

exchange resin, decreases.to pne fent.,h due to reduction of. cation exchange
resin rat ?%qur‘jcﬁﬁl%ggﬁge%% BFES@EY] the cyazent %Mv%e,q'éémﬁﬂ«g%ur rent
density beconmes higher, the anmount of H+ ions produced by the dissociation

of wat erdérorigatssn Heaoimba-higirsr shdnHthatia caveentrpedi tively via the
cation exchange resin having the reduced pathway, but the pathway is
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resist ancc?esizgi%rifelgsc%srxl%%%tment in a large amount ratio, a voltage applied
between the electrodes should be higher than when the anion
exchange resin is filled therein with an amount ratio of 50%, in
order to make the current density high. When the anion
exchange resin is filled in the desalting compartment in an
increased amount ratio, the cation resin is filled therein in a
decreased amount ratio. When the volume ratio of the anion
exchange resin in the desalting compartment is increased from
60% to 70%, pathway of ions via the anion exchange resin
increases by about three times, but pathway of ions via the
cation exchange resin decreases to one tenth due to reduction of
cation exchange resin ratio from 40% to 30%.
[0021] As described above, as the current density becomes
higher, the amount of H* ions produced by the dissociation of
water increases. Both Nations and H* ions move competitively

via the cation exchange resin having the reduced pathway, but

the pathway is occupied by H* ions with priority due to a very



voltage applied to the electrodes is increased. [00221 In case that anion
exchange resin is filled in a desalting conpartnent nerely in a |arge
anount ratio |like as JP2003-126862, the current density is not increased,
resulting that carbonic acid can not be renoved sufficiently and that
resistivity of treated water, increases. Since the rise of voltage | eads
to the rise of electric power consunption, it is wuneconomcal. Summary of
the Invention [00231 An object of the present invention is to provide an
el ect r oddiamgiezatoluhityptlaeeeofs aAs aneshdttthedeiodnNzat i@ns fetdoode whi ch
provi de treated water having extrenely high purity and |ow concentration

of weak %éf(fl;t 't dvre ﬁﬁé%f(’}‘é‘w&ﬂ%ﬁ&ﬁ%ﬁ%ﬂ reei%gégfﬁge dBR$EhYeEERGWNEN a

vol t age app ereto i's odei oni zation apparatus of
a first aspect of he invention has a plurality of cation exchange

menbr anesvcglﬁégeaabpbﬁgl FQ)‘;ﬁGfefﬂﬁ%ﬁa@ﬁdﬁaﬂﬁ-’é’eﬁ anes which are
alternately arranged between electrodes in such a manner as to alternately

form desdi002R] compard¢amnthasrhionescheaigagesonparfiffediimn 30 and the
desalting conpartnents, the desalting conpartnents being filled with ion

exchange ' r [ I 0t Lhiorthe. desal ting
exchange | el YaLaDaLopbeyt LSBLerl 1S Sark 0 AMIGRI hRIPLIIP o
JP2003-126862, the current density is not increased, resulting
that carbonic acid can not be removed sufficiently and that
resistivity of treated water increases. Since the rise of voltage

leads to the rise of electric power consumption, it is

uneconomical.

Summary of the Invention

[0023] An object of the present invention is to provide an
electrodeionization apparatus and an electrodeionization method
which provide treated water having extremely high purity and
low concentration of weak electrolytic anion with sufficient
current density even when a voltage applied thereto is low.
[0024] An electrodeionization apparatus of a first aspect of
the invention has a plurality of cation exchange membranes and
a plurality of anion exchange membranes which are alternately
arranged between electrodes in such a manner as to alternately

form desalting compartments and concentrating compartments
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bei ng introduced into the concentrating conpartnents, and the ion exchange
resins being a mxture of an ani on exchange resin and a cation exchange
resin, wherein a mxing ratio of the anion exchange resin to the total
anount of the anion exchange resin and the cation exchange resin is 66 to
80 vol ume% at an upper stream zone in each desalting conpartnent and 50 to
65 volune% at a | ower stream zone in each desalting conpartnent. [0025] An
el ectrodei oni zati on apparatus of a second aspect of the invention has a
pluralityanfl e desadkictpangm pentmenes, die despliing coyn périamientsexchange
menbranes which are alternately arranged between el ectrodes in such a

manner asbéﬁlgak'ﬂﬁédﬂ%&gﬁefioﬁ%&@ g%tﬂd&ngogif’ﬁﬁfgﬁé‘dgeaﬁf@a%%%@h?f“ ng

conpartments ~ and t he sal ti ng conpartnent ting conpaftments
being filled with jon exchange resins, water to be treated being

" nt r oducddtrALS etk Ahe; %Ehﬁgr@qmmttr%ﬁ&%n@@at:@a%mwﬁ Wikt hg
introduced into the concentrating conpartnents, and the ion exchange

resins bdieig@intrddmeedfingo e conexsliznging edmpazbth@ntatind tdrwechange
resin, wherein a mxing ratio of the anion exchange resin to the total
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to 80 volune% at,a | ower stream zone in each desalting cotrrPart nent .
and a cation exchange resin, wherein a mixing ratio of the anion

exchange resin to the total amount of the anion exchange resin
and the cation exchange resin is 66 to 80 volume% at an upper
stream zone in each desalting compartment and 50 to 65
volume% at a lower stream zone in each desalting compartment.
[0025] An electrodeionization apparatus of a second aspect of
the invention has a plurality of cation exchange membranes and
a plurality of anion exchange membranes which are alternately
arranged between electrodes in such a manner as to alternately
form desalting compartments and concentrating compartments
and the desalting compartments, the desalting compartments
being filled with ion exchange resins, water to be treated being
introduced into the desalting compartments, concentrated water
being introduced into the concentrating compartments, and the
ion exchange resins being a mixture of an anion exchange resin
and a cation exchange resin, wherein a mixing ratio of the anion

exchange resin to the total amount of the anion exchange resin

11



[ 00261 An el ectrodeioni zation nethod of a third aspect of the invention
enpl oys the el ectrodei oni zati on apparatus of either the first aspect or

t he second aspect, and the apparatus is operated at a current density of
300mA/ dnR2 or nore. [00271 An el ectrodei oni zati on method of a fourth aspect
of the invention enploys the el ectrodeionization apparatus of either the
first aspect or the second aspect, and the apparatus desalts water to be
treated having a Na ion concentration of 300ppb or nore. Brief Description

of the Dramilrigse FAORAL eRichharige TeamndxOdedsparcipently etviawishew ng t he
structure of a desalting conpartnent according to an enbodinent; Fig. 2 is

a perspectd i QW [10;.par it g%; Fig. 3 is an
expl oded%ﬂgrggpgfécﬁﬁg%%ea\?vg%ﬁ E{%&é%@é&h@éﬁ%%@%\%@ H‘g@g@? I's a front view
illustrating the water, flowing 12 condjtion, of thf_partiti on nenber; Fig.
5a and SHVHUENEER dicd dPVECK phigarhsanagmepshi desalting epmparangatiesin in
a desalting conpartnent; Fig. 6 is an expl oded perspective view show ng an

[0026] An electrodeionization method of a third aspect of the

invention employs the electrodeionization apparatus of either the

first aspect or the second aspect, and the apparatus is operated

at a current density of 300mA/dm? or more.

[0027] An electrodeionization method of a fourth aspect of the

invention employs the electrodeionization apparatus of either the

first aspect or the second aspect, and the apparatus desalts

water to be treated having a Na ion concentration of 300ppb or

more,

Brief Description of the Drawings
[0028] Fig. 1 is an exploded perspective view showing the
structure of a desalting compartment according to an
embodiment;

Fig. 2 is a perspective view showing a main part of a
partition member;

Fig. 3 is an exploded perspective view of the partition
member;

Fig. 4 is a front view illustrating the water flowing

12



el ectrodei oni zati on apparatus according to the conventional one. Detailed
Description of the Preferred Enbodi nents [0029] Wen an el ectrodei oni zati on
apparatus has an area in which a ratio of anion exchange resin is 66 to 80
volume%in an upper stream zone or a |ower stream zone in a desalting
conpartment, weak electrolytes are sufficiently renoved in this area.

[ 0030] The el ectrodei oni zati on apparatus of the first aspect has the
desalting conpartnment filled with the ion exchange resin. The | ower stream

zone nearcdiditesihtofofhe henstesimit pngmlserpartment is filled with the ion
exchange resins, 50 to 65 volunme% of which is anion exchange resin. In

this | ower stream reid J i i I . soneti nmes
referred to "spli th]e%%%% 5&?%%?.@%@%‘%‘?‘??&”@%% S%Qﬁ&%%? gﬁghoah

pat hway to, suffi ci)g(g%l y nove both H_i onf .and Na ions produced by split in
the firstohapaep exchande nesinedk agdesalting eomapidmaendur rent density is

i ncreased without voltage rise. 13 [0031] The el ectrodei oni zati on appar at us

of the second aspediig.hasstehe cdgdaticingeeoppativervtewidhedingtint he ion

exchange resin. The upper stream zone near the inlet of the desalting

o Tl ol L4 4 5l B0 SRRTP T Bhe Bl nBniobhE"e

Detailed Description of the Preferred Embodiments

[0029] When an electrodeionization apparatus has an area in
which a ratio of anion exchange resin is 66 to 80 volume% in an
upper stream zone or a lower stream zone in a desalting
compartment, weak electrolytes are sufficiently removed in this
area.

[0030] The electrodeionization apparatus of the first aspect
has the desalting compartment filled with the ion exchange resin.
The lower stream zone near the exit of the desalting
compartment is filled with the ion exchange resins, 50 to 65
volume% of which is anion exchange resin. In this lower stream
zone, water is easily dissociated (hereinafter sometimes referred
to "split"). Cation exchange resin in this zone has enough
pathway to sufficiently move both H ions and Na ions produced
by split in the first aspect, so that Na leakage is prevented and

current density is increased without voltage rise.
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stream zone, Na ions are renoved at a high rate so that the anmount of Na
ions flow ng down to the |ower stream zone is reduced. Hence, Na | eakage
is prevented, nmoving load of Na ions is reduced, and current density is

i ncreased without voltage rise. [0032] Hereinafter, enbodi nents of the
present invention wll be described with reference to the attached
drawings. Fig. 1 1is an exploded perspective view showi ng the structure of
a desalting conpartnment according to an enbodinent, Fig. 2 is a

per spect i M¥)J1Ew s ibhe red eatred eiopawe tébn apeatationfmibescofidtaspéet s an
expl oded perspective view of the partition nenber, and Fig. 4 is a front

xpl oded per sp: | on ‘e g '

[0033] Tha dael BesaTbE bplaRitaafonticd Sl cht APuhEkehyntl JEIHFI o,
nber 2 d di din the f 0. f bl y havi. ductivity,

o exchahGe WEBER Serm ghe MCRFhS izhel sirigee Bespibngy 1 1] on member

21, an ani on exchange 14 nenbrane 24 and a cati on exchange nenbrane 25

whi ch ar ecomlipsnasednt dssfalidd etith thd tenexdhah£034sinbe 50 aes20 is

provided with a flowinlet 26 for introducing raw water to be treated and

\‘Z. I lho‘g :, I’\éc%tutﬁé% Ut wHIBRSY LRSS e\%}%ngg LiHPPE L RRGS iuopnpetnfh ereof and
stream zone, Na ions are removed at a high rate so that the
amount of Na ions flowing down to the lower stream zone is
reduced. Hence, Na leakage is prevented, moving load of Na
ions is reduced, and current density is increased without voltage
rise.

[0032] Hereinafter, embodiments of the present invention
will be described with reference to the attached drawings. Fig. 1
1s an exploded perspective view showing the structure of a
desalting compartment according to an embodiment, Fig. 2 is a
perspective view showing a main part of a partition member, Fig.
3 1s an exploded perspective view of the partition member, and
Fig. 4 is a front view illustrating the water flowing condition of
the partition member.

[0033] The desalting compartment has a rectangular frame
20, a partition member 21 and disposed in the frame 20

preferably having conductivity, an ion exchange resin 23 filled in

cells 22 formed by the partition member 21, an anion exchange
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outlet 28 for desalted water and a flow outlet 29 for concentrated water
formed in a |ower portion thereof. The flowinlet 26 and the flow outl et
28 are connected to the inside of the frame 20 through a notch-Ilike
channel s 26a, 28a, respectively. [0035] Though only one channel 26a is
illustrated to communicate with only the left top cell in Fig. 1, actually
a plurality of channels 26a are fornmed in the upper portion of the frane
20 to uniformy distribute the raw water into the respective top cells

al i gned | mandriaateldl adid satdteon éxehange meanbebarn8bswitighdarect |y
communi cate with the respective top cells. 1In the sane manner, though only

one chan 181;,9{%(1 $oid ltqunzpni cate with only the right bottom
cell in Etlgg. 1, act ugﬁmghglqllﬁa&ll y  of "channels 28a are formed in the

| ower por ft frame 20 so as t irectly _ comunicate . wth the
r espect i v@éjég%ft om ?If%?m{l@@}s WQVb‘gﬁai Wﬂ@h Grbraygrinet ?&Eﬁﬁi ng to this
enbodi nent is in a honeyconb form of a hexagonal shape in 15 which a |arge

nunmber ofirdebdaicAng psawangaer to bertrccgledandd atfdoal inkitr 2¢tfoens in such a
manner that a pair of sides of each cell extend in the | ongitudinal

22
o rect oned RS 2y Iy S WinfdF ot §BrdLrS61d St 99584, T
outlet 28 for desalted water and a flow outlet 29 for concentrated
water formed in a lower portion thereof. The flow inlet 26 and
the flow outlet 28 are connected to the inside of the frame 20
through a notch-like channels 26a, 28a, respectively.
[0085]  Though only one channel 264 is illustrated to
communicate with only the left top cell in Fig. 1, actually a
plurality of channels 26a are formed in the upper portion of the
frame 20 to uniformly distribute the raw water into the
respective top cells aligned in the lateral direction, that is, the
channels 26a directly communicate with the respective top cells.
In the same manner, though only one channel 28a is illustrated
to communicate with only the right bottom cell in Fig. 1, actually
a plurality of channels 28a are formed in the lower portion of the
frame 20 so as to directly communicate with the respective
bottom cells.

[0036]  The partition member 21 according to this

embodiment is in a honeycomb form of a hexagonal shape in
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an integral part or may be fornmed by conbining a plurality parts. For
exanple, as shown in Fig. 3, the partition nmenber 21 may be fornmed by
connecting vertical surfaces 31 of zigzag plates 30 as shown in Fig. 3.
Each zigzag plate 30 conprises inclined surfaces 32, 33 which are
connected at an angle of 120 with the vertical surfaces 31. To connect the
vertical surfaces 31, adhesives nay be enployed. The zigzag plate 30 is
made of materjial which is perneable to water but not perneable to ion

exchangerwhich. a lasgemamber of vedlsvavernfmged imegertizad auod dateral eri al .
The zigzag plate 30 is preferably formed to have rigidity by using

synthet | cdieetioes 1 @th 2w AnRe! tha£al ShaNee sids Afkaldh degppat ance. The

vertical surfaces 31 nay be perneabl e or perneable to water. [00381
The partition nbar 21 e fitted in the fr 2Q,.. The fr 20 may be
provi ded %tierpi‘iﬁaﬁé‘? %BQ%‘E}@L%@CUQP J%@%W%md-?o%%ﬁ’si de
thereof and the partition nenber 21 may be bonded to the sheet or the

mesh. 16 yod3esl dheeatihar structure of the el ectrodeioni zati on apparatus
according to the enbodinent is the sane as that of the aforenentioned

conventi dpgl3ne OfPE HasfitibBOANmMNENI N APBR bEOGI ARSKARSHelPas

conduct ed by passing aw wat er through thi'selectraodel on i"on "appar at us,

th . - .
© e an integral part or may be formed by combining a plurality parts.

For example, as shown in Fig. 3, the partition member 21 may be
formed by connecting vertical surfaces 31 of zigzag plates 30 as
shown in Fig. 3. Each zigzag plate 30 comprises inclined surfaces
32, 33 which are connected at an angle of 1;200 with the vertical
surfaces 31. To connect the vertical surfaceé 31, adhesives may
be employed. The zigzag plate 30 is made of material which is
permeable to water but not permeable to ion exchanger, e.g.
woven fabric, non-woven fabric, mesh, and porous material. The
zigzag plate 30 is preferably formed to have rigidity by using
synthetic resin or metal having acid resistance and alkali
resistance. The vertical surfaces 31 may be permeable or not
permeable to water.

[0038] The partition member 21 may be fitted in the frame
20. The frame 20 may be provided with a water permeable sheet

or a mesh attached to one side thereof and the partition member

21 may be bonded to the sheet or the mesh.
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wat er introduced into the desalting conpartnment flows through the
partition nmenber 21 surroundi ng each cell 22 so as to flow into adjacent
cells 22 and thus gradually flows downwardly. During this, the water is
deioni zed. Finally, the water reaches the bottom of the desalting
compartment and flows out to the flow outlet 28 through the channels 28a.
Through the flow outlet 28, the water is took out fromthe

el ect rodﬁ' oniﬁt i on _apparatus as the desalted water. [0041] The general
di rect i onG8i3%at er The ohbegestatudtige ebtbharaleetrodsicnigawmwar d verti cal
di rection because the channels 26a for introducing raw water exist at the

top of t pﬁféﬁﬁs%@bc@@@ih@%&Bﬁém&ﬁ%é%.i@ﬂﬂé‘@aﬁé éé‘ﬁhgt%%?f‘ ted water

exi st at the bottomof the frame 20. The partition nenber 2 upper
portions ,and _lL.ower portio of the.respectiv ells is inclined relative
to the gﬁkﬁr élfoﬁ??’é%ﬁlBHe CoBYern 1%35%{6 PEﬁg\r\/ﬁier fl ows obliquely and
downwardly framone cell 22 into the lower left cell 22 and the | ower

ri ght cell0020)] TheMéherethe rbesmting péitatis nsishso aduicabdybympdssingy to al |
cells 22, thereby inproving the contact efficiency between the water and

e o7 BEFATANEr AL s USRI RO g YRESAY 0

exchange v{rg%ép ihgrg ﬁge ellrltobelhé ra%s%ﬁlt{né\egogrgi)a%rr;etﬁt iffor{vvgxt(ilhr%qgg?h
the partition member 21 surrounding each cell 22 so as to flow
into adjacent cells 22 and thus gradually flows downwardly.
During this, the water is deionized. Finally, the water reaches
the bottom of the desalting compartment and flows out to the
flow outlet 28 through the channels 28a. Through the flow outlet
28, the water is took out from the electrodeionization apparatus
as the desalted water.
[0041] The general direction of water in the desalting
compartment is a downward vertical direction because the
channels 26a for introducing raw water exist at the top of the
frame 20 and the channels 28a for taking out the desalted water
exist at the bottom of the frame 20. The partition member 21 at
upper portions and lower portions of the respective cells is
inclined relative to the general direction of water, so that the

water flows obliquely and downwardly from one cell 22 into the

lower left cell 22 and the lower right cell 22. Therefore, the water
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resin and water pressure is low Therefore, the ion exchange resin is not
conpressed in any of the cells 22, thereby preventing the ion exchange
resin frombeing partially conpressed at the |ower portion of the cells.

[ 0043] Enpl oyed as the ion exchanger to be filled in the cells 22 is a

m xture of an ani on exchange resin and, a cation exchange resin. The
desalting conpartnent has a first zone containing anion exchange resin at
an extrenely high ratio and a  second zone containing ani on exchange resin
at an equapwar subistgntiallyiwnifoanily teall kells B, thesebyoimaprevsnget i nes
referred to "highly excessive zone" of anion exchange resin, and the

second zHe cb?ﬂth_@ﬁfelffic%ﬁéﬁ%ét%é@ﬁ%h@%éﬁ@ﬁ?nﬁﬁﬁé%ﬁ éﬁéhaﬁl el nafter.

The highly excessive zone has a mxing ratio o e anion exc gé resin
to the t nmount, _of, £ he anjon exchange resin .and the cgti exchange
osinof R4 50" Tarthin e SRLABE P Y I uDg oA En s heneS s Shary
excessive zone has a mxing ratio of the anion exchange resin to the total

amount  ofrelaéiemliyosmeaddhthgel 48 nveaird presdune aptplond dxctlangenr esi n of 50
to 65 volune% [0044] In the first aspect, as shown in Fig.5a, the highly

excessi veem%'gét){]ééﬁg]tﬁgeh]@}f @@Hg@ﬁ tHeAT ‘g'%iéﬁt 7 ?@ﬁtén)ggl%%st cam

conpartnment, a htly excessive zone 1s°located in't

side in the.desal.ti ng conpartnent. )
resin and water pnlpessure 18 low. Therefore, the ion exchange

resin is not compressed in any of the cells 22, thereby preventing
the ion exchange resin from being partially compressed at the
lower portion of the cells.

[0043] Employed as the ion exchanger to be filled in the cells
22 1s a mixture of an anion exchange resin and, a cation
exchange resin. The desalting compartment has a first zone
containing anion exchange resin at an extremely high ratio and a
second zone containing anion exchange resin at an equal or
slightly high ratio, so that the first zone is sometimes referred to
"highly excessive zone" of anion exchange resin, and the second
zone "slightly excessive zone" of anion exchange resin hereinafter.
The highly excessive zone has a mixing ratio of the anion
exchange resin to the total amount of the anion exchange resin
and the cation exchange resin of 66 to 80 volume%, preferably 70
to 80%, and the slightly excessive zone has a mixing ratio of the

anion exchange resin to the total amount of the anion exchange
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[0045] In the second aspect, as shown in Fig.5b, the slightly excessive
zone is located in the upstreamside in the desalting conpartnent, and the
hi ghly excessive zone is located in the downstreamside in the desalting
conpartnment. [0046] In both aspects of Figs.5a and 5b, the boundary B

bet ween the highly excessive zone and the slightly excessive zone 1is
preferably located in the range of 25 to 75% especially 40 to 60% away
fromthe inlet of the desalting conpartnent in an average flow direction
in the dessini agdcidopaatentexcharge diesentofoHOftooddtdumpe%0 the bottomin
Fi gs. 5a and 5b). [0047] Wen the ratio of anion exchange resin in the

i ghly  OERREl Ve 11d PR SRR HTPAR £ty ATUMigHy O 1 ons

produced by water di'ssociation s 1’nsu clent’ an rbonic S
ionized to bicarbonate.ign at an insufficient rate,. thereby enoval rate
of the c&HHHRRVAAWY S EQ%E%zéB.thémﬂﬂW@aﬁﬁtﬁlée mtgﬁifg@ﬁ@&éﬁgnge resin
in the highly excessive zone is higher than 80 volune% renoval rate of

cations icochpdirbgndNat, 4ndstid sdrdigsescesdienehyntie loencedtirathen of Na+
ion and the [ike in the treated water is increased. Wen the ratio of

oL on CHRBARSE:E0FLBi0R LOYBOEANIE iR AR NEL U™ 0 (e T oy

removed, [66(31g]u” " n gl?enisczag(t)in(c)inag;)ecsﬂi:,l EIiSC %ho\winci% iFSig?Sb, the slightly
excessive zone is located in the upstream side in the desalting
compartment, and the highly excessive zone is located in the
downstream side in the desalting compartment.
[0046]  In both aspects of Figs.5a and 5b, the boundary B
between the highly excessive zone and the slightly excessive zone
is preferably located in the range of 25 to 75%, especially 40 to
60% away from the inlet of the desalting compartment in an
average flow direction in the desalting compartment (in a
direction from the top to the bottom in Figs.5a and 5b).
[0047] When the ratio of anion exchange resin in the highly
excessive zone 18 lower than 66 volume%, the amount of OH
ions produced by water dissociation is insufficient and carbonic
acid is 1onized to bicarbonate ion at an insufficient rate, thereby
removal rate of the carbonic acid is decreased. When the ratio

of anion exchange resin in the highly excessive zone is higher

than 80 volume%, removal rate of cations including Na* ions
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weak acid, is pronoted so that renoval rate of silica is increased. Wen
the ratio of anion exchange resin in the slightly excessive zone is |ower
than 50 volunme% anions tend to leak fromthis zone. Wen the ratio of
ani on exchange resin is higher than 65 volume%in the slightly excessive
zone, cations tend to leak from this zone, thereby the effect of the
invention can not be obtained. [00481 The desalting conpartment may have,
between the highly excessive zone and the slightly excessive zone, a
moder at el Jeevecses, ihezwrey ther@rcomntiation dhdamicon amcbmheghker]em nis
betmeen those in the highly excessive zone and the slightly excessive

Zone. ethe?"i:f %%%WﬁF@PEQTnﬁfQQé’@&e 'W%{é}é tg’ig@’ ﬂb %hhbﬁ the above

range in both t excessive zone y excessive zone.
The ratio |ncreased r decreas cont i nuqusl y fromith tream
S1de to AHENUBRAKAE Aol e ERER GG (@ BRI O LEetba el h%ﬁyg?ﬁyomgl
The apparatus according to the invention can be operated at a current

density @x@¥méddharcamsenid aciéxhNe! fin a2 886 fikel ZEOMV dnR2, so that
treated water having a high resistivity of 10M - em or higher can be

s T e BB Pl ORI

hexagonalwgngéglsd 115 It)rr'](gr%uo ed 8o that removal rate of silica is increased.
When the ratio of anion exchange resin in the slightly excessive
zone is lower than 50 volume%, anions tend to leak from this
zone. When the ratio of anion exchange resin is higher than 65
volume% 1in the slightly excessive zone, cations tend to leak from
this zone, thereby the effect of the invention can not be obtained.
[0048] The desalting compartment may have, between the
highly excessive zone and the slightly excessive zone, a
moderately excessive zone where a ratio of the anion exchange
resin is between those in the highly excessive zone and the
slightly excessive zone. The ratio of the anion exchange resin
may vary within the above range in both the highly excessive
zone and the slightly excessive zone. The ratio may be
increased or decreased continuously from the upstream side to
the downstream side in each zone within the above range.

[0049] The apparatus according to the invention can be

operated at a current density of 300mA/dm? or more, for example,
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the cells may be quadrangular e.g. rhonmbic. The partition nenber may be a
triangle-type partition nmenber conposed of triangular cell. The partition
menber may formcells having other shapes. The apparatus may have no
cells, wherein the apparatus has no partition nmenber. [0051] In the

el ectrodei oni zati on apparatus of the present invention, the projected area
to the ion exchange nenbrane of the cells is preferably 1 to 100 cn®,
particularly 5 to 80 cn2, nore particularly 10 to 50 cnR2. The distance

bet ween a39éifr0 200 A/dmprsetbhsrtye avedbwarte ranavime achighn exchange

menbrane via the desalting conpartnent i.e. the thickness of the desalting

Comaftmf@sﬂsﬁiﬂw&ﬁrﬁmgﬂ-&rﬁﬁg %giggal?r @@{ﬂé{@x@w@e&i b9etOwiRn As the

size of the cells"is reduced, t nt o I'on exchanger to be filled
in one cell is reduced so that, {he ui.di zation of the i changer is
restrai neteW, ¥ gt 3ﬁ,tr€ﬁ$edsb%§r?g&ﬁ PN FHOGRRITAGIGR Ao BHDE BN he
strength of the desalting conpartnent are increased. However, the pressure

| oss 21 amares featesramipdel 890 o tARO@ephl ti ng conpartment is increased.
[ 0052] The concentrating conpartnent in one aspect may have a thickness of

el IO, TR OGRI bk BeSRaEHE Bl BhomRales, e i
the cells may be quadrangular e.g. rhombic. The partition
member may be a triangle~type partition member composed of
triangular cell. The partition member may form cells having
other shapes. The apparatus may have no cells, wherein the
apparatus has no partition member.

[0051] In the electrodeionization apparatus of the present
invention, the projected area to the ion exchange membrane of
the cells is preferably 1 to 100 em?, particularly 5 to 80 cm?2, more
particularly 10 to 50 cm2. The distance between a pair of the
anion exchange membrane and the cation exchange membrane
via the desalting compartment i.e. the thickness of the desalting
compartment is preferably 1.5 to 15 mm, particularly 3 to 10 mm.
As the size of the cells is reduced, the amount of the ion
exchanger to be filled in one cell is reduced so that the
fluidization of the ion exchanger is restrained. In addition, the

strength of the partition member and the strength of the

desalting compartment are increased. However, the pressure loss
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preferably 0.1 to 1 mm particularly 0.2 to 0.6 nmm According to a
preferable way of filling the ion exchanger, the ion exchange resin
corresponding to 100 to 140 % of the volunme of the cells are introduced
into the cells and, after that, the cells are sandw ched between the ion
exchange nmenbranes so as to precisely fill the 1ion exchange resin in the
cells. [0054] According to another way of filling the ion exchange resin
in the cells, after the ion exchange resin is filled in the cells and the
i on exchaw*’g‘:ehmaﬁ@mébmmgdnsﬁw soltirhe copppairtment desnofeaseddesal ting
conpartment, raw water is supplied to swell the ion exchanger inside the

cell's andg@fgler t EF:{)%{{S I d up such
t hat theq vol une rgﬁ%cggggﬁéggﬁgg?gﬁgga: %q%@a%&centr ting
conpartmgnt _in ot.her as y be fllled th ion hange resin. The
concent r&%@ﬂﬁ a gg?’&}é‘i“?%ﬁgﬁbl ‘F(gg Rhang Hﬁﬂﬁlﬁ‘?a B ows
electric current to easily pass the |nS|de thereof and intensifies 22

t ur bul encpademaf @0 to§ilime¢diecedhereims i nproving the efficiency of
el ectric current. As the sanme manner in the desalting conpartnent, a

per X PTIORRIRET MR pAAIAREh kLT ANESRICRAIRERORAR P (o form

a plurali cell's an I'on exchangeé reS| illed in

th t |l
© reSpepCréfera%? G1to1 mm, particularly 0.2 to 0.6 mm. According to

a preferable way of filling the ion exchanger, the ion exchange
resin corresponding to 100 to 140 % of the volume of the cells are
introduced into the cells and, after that, the cells are sandwiched
between the ion exchange membranes so as to precisely fill the
ion exchange resin in the cells.

[0054] According to another way of filling the ion exchange
resin in the cells, after the ion exchange resin is filled in the cells
and the ion exchange membranes are disposed on the opposite
sides of the desalting compartment, raw water is supplied to
swell the ion exchanger inside the cells and, after that, the
frames and the membranes are tightened up such that the
volume ratio becomes 100 to 102%.

[0055] The concentrating compartment in another aspect
may be filled with ion exchange resin. The concentrating
compartment filled with an ion exchange resin allows electric

current to easily pass the inside thereof and intensifies
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[ 00561 Normally, acid anode water passed through the anodic conpartnent is
I ntroduced to the cathodic conpartnment and neutralized therein, because
the cathodic conpartnent is generally alkaline. The neutralization |owers
the conductivity and partially increase the voltage of the cathodic
conpartment, so that scales are easy to form Therefore, it is preferable
to enploy as the cathode a nesh el ectrode, a non-woven fabric el ectrode,
or a conbination thereof because such an electrode has a |arge el ectrode
area, theterguleses phgvater tosrdmthaeasf i thos impeoeing thedef3crdfrare and
thus preventing precipitation of scales. [00571 For operating the

el ect r odepPaleii ©BudPOAL At USs ¢het §8mPhesAMer 1Y $RE! &@ﬁa][ﬁini preferable

to circul ate concentrated water and to control the circul ated water so as
to have an_ ion concgntration 5 to 40 times hligéher t han,t.he feed water. In

this cas@®MAAGTIGAL: 8 BATEtIN Mepihek may REsHraAnget dndtiehar ge

hardness i.e. scale ingredients in the concentrated water so as to mnake
t he Langetdreentrddingnedame axitmeehdttedforanex plegatityveof AePl3 tleakeiaci d i on
exchange resin may be used for renoving hardness elenents. Exanples and

Compal a1 g HAhoEcRRARD Hegel BALT O (ARG ARfcR PELEIRN |
[0056] Normally, acid anode water passed through the anodic
compartment is introduced to the cathodic compartment and
neutralized therein, because the cathodic compartment is
generally alkaline. The neutralization lowers the conductivity
and partially increase the voltage of the cathodic compartment,
so that scales are easy to form. Therefore, it is preferable to
employ as the cathode a mesh electrode, a non-woven fabric
electrode, or a combination thereof because such an electrode has
a large electrode area, thereby lowering the current density on
the electrode surface and thus preventing precipitation of scales.
[0057] For operating the electrodeionization apparatus of the
present invention, it is preferable to circulate concentrated water
and to control the circulated water so as to have an ion
concentration 5 to 40 times higher than the feed wéter. In this
case, 1t is preferable to electrically separate and discharge
hardness i.e. scale ingredients in the concentrated water so as to

make the Langelier Index in the circulated water negative. A
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[ 00591 An el ectrodei oni zati on apparatus used in Exanples and Conparative
Exanpl es has desalting conpartnents having a structure as shown in Figs. 1
to 4, and concentrating conpartnents having three ribs extending
vertically therein, respectively. [00601 The desalting conpartnents and
the concentrating conpartnents have a width of 130mm and a hei ght of

400mm respectively. The desalting conpartnents have a thickness of 5nmm
and the concentrating conpartnents have a thickness of 2.5nm [00611 The
appar at uswkeak ahiceodesathangeamsiar hrepte ased faure desaing hgirdness
conpartnments, and they are alternately arranged as shown in Fig.6. As
shown in Hiegnbnt€l ectrode conpartnments are |ocated on the outsides of both
the concentrating conpartnents which are |ocated at the outest sides,
respectively. Raw water is introduced into each concentrating conpartnent
to 24 flow therethrough as concentrated water. The water counterflows in
each concentrating conpartnent relative to each desalting conpartnent by
one pass.EkaagpleCanidsOompheadesal Exagmphnpar tment are hexagonal as shown

in Figs.1 to 4. The length of one side of each hexagon is 16.1mm The

vertical [wplggipor tepts i A8F, RYAMYIRE "AHFED Referential Examples
1 and 2, and Comparative Examples 1 and 2 will be described.
[0059] An electrodeionization apparatus used in Examples
and Comparative Examples has desalting compartments having
a structure as shown in Figs. 1 to 4, and concentrating
compartments having three ribs extending vertically therein,
respectively.
[0060] The desalting compartments and the concentrating
compartments have a width of 130mm and a height of 400mm,
respectively. The desalting compartments have a thickness of
5mm, and the concentrating compartments have a thickness of
2.5mm.
[0061] The apparatus has three desalting compartments and
four desalting compartments, and they are alternately arranged
as shown in Fig.6. As shown in Fig.6, electrode compartments
are located on the outsides of both the concentrating

compartments which are located at the outest sides, respectively.

Raw water is introduced into each concentrating compartment to
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form ng each cell are made of pol ypropyl ene, and the slantw se nesh
portions thereof are made of polyester. [0063] The cells of each desalting
conpartment was filled wth a mxture of an anion exchange resin and a
cation exchange resin. Mxing ratios of the anion exchange resin and the
cation exchange resin were as follows. In Exanples 1 and 2, the boundary B
was |located at the mddle of the desalting conpartnent in the vertical
direction, In Conparative Exanples 1 and 2, and Referential Exanples 1 and
2, the miflowgthenethbrofghhes aninereraltedgwatesi n Bhe whdeegat i on exchange
resin was uniformthroughout the desalting conpartnment. Exanple 1 upper

stream zohdeY Q%r- LeMT: ~00%% - lﬁhﬂ%ﬂf’r{ one . £0%

| ower stream ge()@;]fg: °o§%gmargﬁ?§g§§glﬁggﬁﬁﬁ§ eren r%‘{@gntg %gc and 2
70% Conparatjve Exanple 2 60%,[ 0064] Each concentrating conpartnment was
filled wq¢salting Ciﬂrg%@rré%@nﬁﬁé’ 8f€oRa8%change resin and the cation
exchange resin in which the mxing volune ratio was 4. 6. Each electrode

conpar t nd@06@2s fi Kedds nt thé ke sedtimg cexepanrtmansine héRAE6haDder _
operation conditions were as follows: Raw water: \Water prepared by treating
city wat &fhoWhi th FiglY P34 OS"PRb I FHUH 8P Enc" Q82 LA BRUA A 28 O
16.1lmm. The vertical wall portions of the partition member
forming each cell are made of polypropylene, and the slantwise
mesh portions thereof are made of polyester.
[0063] The cells of each desalting compartment was filled
with a mixture of an anion exchange resin and a cation exchange
resin. Mixing ratios of the anion exchange resin and the cation
exchange resin were as follows. In Examples 1 and 2, the
boundary B was located at the middle of the desalting
compartment in the vertical direction. In Comparative
Examples 1 and 2, and Referential Examples 1 and 2, the mixing
ratio of the anion exchange resin and the cation exchange resin
was uniform throughout the desalting compartment.
Example 1  upper stream zone:756% lower stream zone:60%
Example 2  upper stream zone:60% lower stream zone:75%
Comparative Example 1, Referential Examples 1 and 2 70%
Comparative Example 2 60%

P

[0064] Each concentrating compartment was filled with a
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carbonic acid of 18ngCO2/L, a concentration of Na ion of 760ppb (110ppb in
Referential Exanple 1) and a conductivity of 10 u S /cm (1 Fc S/cmin
Referential Exanple 1). Flowrate in the desalting conpartnment :190L/h
Flow rate in the concentrating conpartnent :40L/h Voltage : 20V Current :
4A Current density: 800mA/ dn2 (200mA/dnR2 in Referential Exanple 2) Current
efficiency : 20%[0066] The qualities of treated water thus obtained are
shown in Table 1. According to Table 1, by providing a highly excessive

zone of timexturemfedvhamgerr esthaingd hesivpperd theeationtdechange zone of
the desalting conmpartnent and a slightly excessive zone of the anion

exchange yrihid Whith PRAASI kP2 the F4160SRAR flesg! tiggonpar trent,

car boni c amg was renove hout™ "i'ncreasi ng vol tdge €v when t he

appar at uses wer operated at a current density of 800mAN dnR to treat the
raw wat & eﬁﬁmi@; CRI3BACEMERE oS éﬂfwé Wiim 6ﬁeamtlpplbe1§ehmg@. re$igne671
According to Referential Exanple 1 in which the raw water had a | ow

concent r J00B5]of NO s opbeatfon WatRlitltays Reee agofdle@adi tion did not
cause increase of voltage. According to
Raw water: Water prepared by treating city water
with a reverse osmosis membrane, having a concentration of
carbonic acid of 18mgCOs/1, a concentration of Na ion of 760ppb
(110ppb in Referential Example 1) and a conductivity of 101 S
fem (1 2 S/em in Referential Example 1).
Flow rate in the desalting compartment :190L/h
Flow rate in the concentrating compartment :40L/h
Voltage : 20V
Current : 4A
Current density: 800mA/dm? (200mA/dm? in
Referential Example 2)
Current efficiency : 20%
[0066] The qualities of treated water thus obtained are
shown in Table 1. According to Table 1, by providing a highly
excessive zone of the anion exchange resin in the upper zone or
the lower zone of the desalting compartment and a slightly

excessive zone of the anion exchange resin in the opposite zone of

the same desalting compartment, carbonic acid was removed
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Referential Exanple 2, in which the current density was | ow when the
treatnent was executed, the low current density did not cause increase of
voltage. [00681 [Table i] Ratio of Anion Concentration Current |ncrease

No. exchange resin of Na ion density of Resistivity upper |ower total

[ ppbl [mAIl dnR] Voltage [MO-cni 20cm 20cm Exanple 1 75% 60% 68% 760 800
none 12.8 Exanple 2 60% 75% 68% 760 800 none 14.5 Conparative 70% 70% 70%
760 800 increase . 14.7 Exanple 1 Referential 70% 70% 70% 110 800 none 15.2
Exanpl e IWRHR@UEANCEEAFDYE MM 28%namn 2ubhenoblae AISaExbgt e Wetonpar at i ve
60% 60% 60% 760 800 none 3.4 Exanple 2 27 What is clained is: 1. An

el ectrodepparaaid an @pRRaTantsdEABy 6f BHOMA/EdhReE: treat the raw
water having a concentration of Na ion of 300 ppb or more.
[0067] According to Referential Example 1 in which the raw
water had a low concentration of Na ion, the raw water having a
good condition did not cause increase of voltage. According to
Referential Example 2, in which the current density was low
when the treatment was executed, the low current density did

not cause increase of voltage.

[0068]
[Table 1]
= .
exii;;feﬁz?l Concentration| Current |Increase Resistivit
No. - & of Na ion density of He\;zg;lc\;]y
upper|lower| . . [ppb] [mA/dm?] | Voltage
20cm | 20em
Example 1 | 76% | 60% | 68% 760 800 none 12.8
Example 2 | 60% | 76% | 68% 760 800 none 14.5
C ati
E‘:’gﬁ;i Y 70% | 70% | 0% 760 800 |increase|  14.7
%j::ﬁ;gil 70% | 70% | 70% 110 800 | none 15.2
Referential
Ez;;f;;‘; 70% | 70% | 70% 760 200 | none .8
C ti
I;izif‘;i 1‘_;9 60% | 60% | 60% 760 800 none 3.4
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an anode; concentrating conpartnments and desal ti ng conpartnents
alternately fornmed by arranging a plurality of cation exchange nenbranes
and a plurality of anion exchange nenbranes alternately between the

cat hode and the anode, water to be treated being introduced into the
desalting conpartnents, concentrated water being introduced into the
concentrating conpartnents; and ion exchange resins filled in the
desalting_conpartpents, said ion exchange resins being a m xture of an
ani on exgﬁaw@ 18 cégimeghts a cation exchange resin, wherein when a nixing
ratio of the anion exchange resin to the total anount of the anion

exchange | esi nﬁﬂ%@&r@&éi&ﬁzﬁggﬁﬁ?gaﬁﬁhg domPHRsfFsed as A vol ume% at

an upper stream zone in each conpart ment and” expressed as B
vol une% at a | ower gﬁrean1zone in each desalting conpartnent, A is 66 to
80 and B is 504 628°%r A is 55 to 65 and Bis 66 to 80. 2. The
el ectrodei oni zati on apparatus as clained in claiml1l, 28 wherein Ais 66 to
80 and B is 50 d&m a8%d&. The el ectrodei oni zati on apparatus as clainmed in
claiml1l, wherein Ais 50 to 65 and Bis 66 to 80.
concentrating compartments and desalting compartments
alternately formed by arranging a plurality of cation exchange
membranes and a plurality of anion exchange membranes
alternately between the cathode and the anode, water to be
treated being introduced into the desalting compartments,
concentrated water being introduced into the concentrating
compartments; and
1on exchange resins filled in the desalting compartments,
said ion exchange resins being a mixture of an anion exchange
resin and a cation exchange resin,
wherein when a mixing ratio of the anion exchange resin
to the total amount of the anion exchange resin and the cation
exchange resin is expressed as A volume% at an upper stream
zone in each desalting compartment and expressed as B
volume% at a lower stream zone in each desalting compartment,
A is 66 to 80 and B is 50 to 65; or
A is 55 to 65 and B is 66 to 80.

2. The electrodeionization apparatus as claimed in claim 1,
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4. An el ectrodeionization nethod for deionizing water with wusing the

el ectrodei oni zati on apparatus of claim1. 5. An el ectrodeionization nethod
as claimed in claim4, wherein the electrodeionization apparatus is
operated at an electric density of 300mA or nore. 6. An

el ectrodei oni zati on nethod as clained in claim4, wherein the

el ectrodei oni zati on apparatus treats the raw water to be treated having a

Na ion concentratjon of 300ppb or nore. 29
wherelin A 1s 66 to 80 and B is 50 to 65.

3. The electrodeionization apparatus as claimed in claim 1,
wherein A is 50 to 65 and B is 66 to 80.

4, An electrodeionization method for deionizing water with
using the electrodeionization apparatus of claim 1.

5. An electrodeionization method as claimed in claim 4,
wherein the electrodeionization apparatus is operated at an
electric density of 300mA or more.

6. An electrodeionization method as claimed in claim 4,
wherein the electrodeionization apparatus treats the raw water

to be treated having a Na ion concentration of 300ppb or more.
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