Apparatus and Method for El ectrodeionization Field of the Invention [00011
The present invention relates to an el ectrodei oni zati on apparatus used for
produci ng dei oni zed water in various fields including sem conductor

manuf acturing, liquid crystal display manufacturing, pharnmaceutical

manuf acturi ng, food processing, and the like. Mre particularly the
present invention relates to the el ectrodeionization apparatus which
produces treated water which is inproved in resistivity and renoving rate
of weak AghearaphyagrddMethodfori Blsetrodeienizatibaduce hi ghly pure wat er
continuously. Further nore, the present invention relates to a nethod for
el ectrodei oni zati on which enploys the electrodeionization apparatus.
Background of the Invention [0002] The el ectrodei oni zati on apparatus used
for producin t he deionized water is enployed in various fields including
the senifoehdefitdre kawendtenring plants, the liquid crystal display

manuf acturing plants, the food processing industry, the electric power

plants, Hooeghol d Bhdi prESSSE 1haeﬁﬂ;ﬁh@rrb@§t@§1€btdﬁenééﬁodeﬁoﬁ@aﬁbﬁm a

conventional el ectrodel oni zat I on appar atus in 1 whi a plurality of anion

exchange nenbr anes ur al of. catio exchan e ne nes 14 are
g S Brobil 'del 1d¢
al t er nat @igpara us used or pro ucing delonized water 1n various e

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 water
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.

Fig.6 shows a conventional electrodeionization apparatus in




arranged between el ectrodes (anode 11, cathode 12) in such a nmnner 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 conpartnents 17 and the desalting conpartnments 18. [0004]

In an el eghicldel ?hhﬂa?ltitﬁ@faeﬁ@ﬁfrﬁbk&ha d enenihehids 1ipaadage forned by
di ssociation of the water to continuously regenerate the ion exchangers

filled inqthe,desalti compartnents so that <t,he el gct rodeioni zati on
ppar at LRI baBin ERARANE Merifed il 14ErE ATEERRREIOT 701 00, |
using agents which are enployed in,a conventional ion _exchange apparatus

whi ch i s anragigedibetiviesn edectinodes (anede 14, cathade d®iimmsuahian appar at us
produces highly pure water continuously, so that it is enployed widely in
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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™
ions 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 349.7CM2 Q leq-1, which is very large in conparison wth that
of the other ions (30 to 70CM2 Q leg-1). Therefore, particularly when the
diluting conpartnment has a large thickness W the difference of the

mobi lities between H+ and OH is increased so that H+ tends to be quickly
di scharged to the concentrating conpartnments and OH4 tends to remain in
the desalting conmpartnent. Furthernore, Na+ and K+ also tend to renmain in

the desablpplied ot thendlechbeieal ruireeceféce difiphoMal (ritical@utrengn carries
the electrons, while the multi - valent cations and anions including Ca2+,

My2+ are di scharged tq . th cenhnratin onpantuents,wth relative ease.
n the (TR Bileishigke DG eI AR FRTBRIAT Atehi ont “alkalt cuch
as NaOH and KCH so that the_product water (deionized water) becones to

cont ai n Missoeigtion ashdgrcrihedtabone to caxyy Ithekeletizimabasge. H00061 An
el ectrodei oni zati on apparatus in which a desalting conpartnent is provided

wi th ver §ofdhal3hbbiliey) of BEO DL Ordbga, WHEHES ey TnGRIBR! LTENL I Nt

cells being Tong in the vertical directidn i's dis I'n JP4-72567B.
Conpar t nEAFIPBTISALE 1A, thatb At 108 LRSS IPRBACPHEQALIER B Hinge I ogi ns
e Therefore, particularly when the diluting compartment has a
large thickness W, the difference of the mobilities between H*
and OH™ is increased so that H* tends to be quickly discharged
to the concentrating compartments and OH™ tends to remain in
the desalting compartment. Furthermore, Na* énd 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 Ca2*, Mg2* 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 watér (deionized water)
becomes to contain Na ions at a high concentration (Na leak
phenomenon).
[00086] An electrodeionization apparatus in which a desalting
compartment is 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.

[ 00071 The desalting conpartnments are filled wth an equal amount of anion
exchange resins and cation exchange resins so that the volunme ratio of the
ani on exchange resins is 50 vol X [00081 In the el ectrodei oni zation

appar at ugleétrddéidaPLBon Apparutberhatingehecllésaltinkl dirmphriesante the

cells are fornmed by dividing the desalting conpartnment in the vertical

direction. .Jhat isia_lar unbar of cells.can not he forned in the
appar at ueivided jobd Bpg el i P Sap Bick 168 v EihanBe sHlBE 4 | <
bl ocked b%/l the ribs, so that the contact efficiency between the waterand
the ion &dtedneepeesivedyi shpochannelirivig phenorhenomwhexehtihgdlowsi ns are

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

at upper ' f; faddd i t he i on exchange
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an el ectrodei oni zat,i on apparat us whi.ch pver cones, pr,obl descri bed
above,  wGPERDREEMGIIHICBArEALE oreT Hdes 1o PRERRIRAANINE i on exchanger
and which has high filling density of the ion

- compression and the ion exchange resins in the desalting
compartmént 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 JP4-725678B,
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 ét 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 volune ratio of anion exchange resins in

the desalting conpartnments. [00101 These el ectrodei oni zati on appar at uses
have desalting conpartments, 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 nenber facing the cel

i s incligegeribed iatfovid) whiskdigghighovostd@cefeieticyt betweriewdtert he

desalting conpartnent. The inclined part of the parfition nenber allows

-perneatiqn of the ter, but prevent t;he 11 @ry.exchanger t ass
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desal ting conmpartnent should flow obliquely relative to the average flow
di recti oexchangeyr., dhe applicant adsediselogieshansdB 200801 26868 Adesal ti ng

conpartnent, thereby inproving the contact efficiency between water and

i on eXC'%h@&eﬂhi]%{lgrﬂ%f%!é@&ég}ﬁgﬁg%gﬁdﬁhbﬁgﬂt%efé an[x%%ﬂli en a

plurality of ce are arrang t he nbrane surface both I'n the
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nunber of cells which are arranged vertically and laterally), the contact
ef fi ci en@f anion exchange resins in the desalting compartments.

[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




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. [00121 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. el ectrol ytes including

carboni c eagirfiple] Wikenaieé appdratesdhashailgrgé ababeaneledllsrwhiche wat er

to be treated. For exanple, in an electrodeionization apparatus in which
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JP2003- 126862A above referred discloses the electrodeionjzation apparatus
i n whi ch hetweenonateniard ionexghangdedbacomedasdiremelycbaghr t ment to -
divide the desalting conpartnent into a plurality of cells surrounded by

the partiZire theHEEhtA edchaid]Pis SR HHL 1% BXcHMh S iR Bcatbély

exchange menbrane, and the cells are filled wth a mxture contai'ning an
ani on exchange resihn,and a cation haneg(f resin 6 at a mxing ratio of the
gy L6t
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the cation exchange resin is 60 _ _
cell, and the cell is filled 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.

[ 00141 The ratio of the anion exchange resin is nmade high in this Japanese
publication due to the follow ng reason . [00151 Carbonic acid(C02) as a
weak el ectrolyte changes to bicarbonate ion by ionization reaction with
hydroxide ion (OH) (C02+OH --+ HCOA [00161 The bicarbonate ion noves
fromthe desalting conpartnent to the concentrating conpartnment through
the anion exchange nenbrane. Therefore, it is inportant for renoval of
car boni c agca dnixingg radigpod theeanion iecwlzat goresaactbitde totaldasemantll y to

i nprove the mobility of the bicarbonate ion. In order to pronobte the

onizat] o aErahion AlcihbeidiAt g HOLIRIPxEhaBdrTbonrIe o) O
ion is required to be an rou I on o wat er
(H20--+H+ + OH [00171 The water d|SSOC|ates bet en th I on, exchange
resins %é{q)kem ‘Vlem@ ek (RaGPTPYS] theremonal bateREMedk  nenbr ane.
The hydrogen i on and the hydroxide ion produced between the ion exchange

resins halectrgiffbes. |ifetime because they associate with each other again
in the desalting conpartnent. Therefore, the OH ions produced between the

on exchapgd gesi nTRRCRAHS SPIEXSIRITE IRINA Ses i PEShaHEhigh in

this Japanese publication due to the following reason:
[0015]  Carbonic acid (CO2) as a weak electrolyte changes to
bicarbonate ion by ionization reaction with hydroxide ion (OH")
(CO2+OH- — 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 (H20—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 nmade 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 pronbted. [00181 As the anmpbunt ratio of the
ani on exchange resin increases, the anount of O4 ions to be produced al so

i ncr easegpmpartment. enbliergfope etloé OBl iomspiredderdrbetweed tleeause t he
anount of H+ ions decreases thereby the treated water is deteriorated in

resi sti viyby. o f 804 85e o R2008- AR6862 A Mo é‘iﬁ%ﬁlbfaﬁéegggggfa}ggﬂadopﬂ g

t he structure ectro I oni zati on ap aratus 1n A above

referred (|n WhIC desaltln compart is djvided into a plurality of

cell's), 08y eRARAREe B &rge anon exehangeref erence 11
JP4- 72567B [Patent Ref erence 21 JP2001-25647A [Patent Reference 31

JP2003- 13fige@hra A0 2 &ffdchive S0 ¢ohiAn®Bashondt Beidc 2od dhencreases in

wat er, the equivalent electrical conductance al so increases in accordance

thereto WO FAE 0 {R8 e fRIP bk énatBY £8Si 4 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



dei oni zati on becones higher than that in conventional apparatuses. \Wen the
ani on exchange resin is filled in a desalting conpartnent in a |arge
anount ratio, a voltage applied between the el ectrodes should be higher

t han when the anion exchange resin is filled therein with an anount ratio
of 50% in order to make the current density high. Wen the anion

exchange resin is filled in the desalting conpartnment in an increased
amount ratio, the cation resinis filled therein in a decreased anmount

rati o. We020he voAsrthe edbhoentratioraof earbenitaeié ineseases ihhe desal ting
compartment is increased from 60%to 70% pathway of ions via the anion

exchange w6l CHBHERRETRY oRAMCANES AL CTRRCo Wik PRidMakeliy ons via the

cati on exc e resi'n décreases ction o cation

exchange resing ratiqQ from4Q%tg 30% [00211 As described abqgve, as the
current @@ﬁgraanse tOhwgme%x ﬁhemntodeﬂsltyon@qwmﬁg@ﬂ by the
di ssoci ation of water increases. Both Na+ ions and H+ i ons nbve

conpet i t idedbiizatiant becéaidPhighehatgen thsitirheyhventhshglkduced pat hway,
but the pathway is occupied by H+ ions with priority due to a very |arge

pat hiay A vuseS COYBRH fhe ARIPR:cxtRangd Vel BoBORUI 18 (o The
el ectrodes is jincreased.
desalting compartment 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 densify high. When the anion
exchange resin is filled in ﬁhe 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 Na* ions 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




[ 00221 In case that anion exchange resin is filled in a desalting
conpartnment nerely in a large anount ratio |ike as 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 l|eads to the rise of electric power consunption,
it is uneconom cal. Summary of the Invention [00231 An object of the
present invention is to provide an electrodeionization apparatus and an

el ect r odéapge zabbilitytherdof whidsh apresultet Heeaife Navaiens hedomge ext r enel y
hi gh purity and |ow concentration of weak electrolytic anion with

suf 1 C1 ey £15 LERLAMSPLYIVSD Wheh i yPH adeaapRliiedo gt shoy s | ow

[ 00241 An ele el'onrzation appdratu aspec e invention
has a plurality of i on _exchange penbranes and, a plurality of anion
exchangeV@itﬁg%@é@]ﬂ\ﬁﬁtidlﬁ) the edeelgodaselsinereasatbd bet ween el ectrodes in
such a manner as to alternately formdesalting conpartnents and

concent r §002@] conpi eaeet thdiD anient decliefgbtididncienified s, the desalting

conmpartnents being filled wit h | on exchange resins, wat er to be treated
bei ng. i nSAIEEE PhESRFEBEs B Birga e raat TR IRsas e
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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I on exchange resins being a m xture of an ani on exchange resin and a
cation exchange resin, wherein a mxing ratio of the anion exchange resin
to the total amount of the anion exchange resin and the cation exchange
resinis 66 to 80 volunme% at an upper stream zone in each desalting
compartment and 50 to 65 volune% at a | ower stream zone in each desalting
conpartnment. [0025] An el ectrodei oni zation apparatus of a second aspect of
the invention has a plurality of cation exchange nmenbranes and a plurality

of ani on agit bhegtesEitbngriemphirt henes, alie deghéting esngraetmbetyeen
el ectrodes in such a manner as to alternately formdesalting conpartnents

dosal 11 D RANBACRAER B R Chn PR AR Nerter B dROERABR bRiRE G, 1o

treated being. introduced into_the desalting conpartnents, concentrated
water benfgpduceddntedhedesalingaemparimeytsoapacentnated aratathe ion

exchange resins being a m xture of an anion exchange resin and a cation

exchange HeshighintiBehfionl it Khedeoriéd StidtihBoinpartnexshangndiasd n to the

total amount “of the anion exchange resin 11 and the cation exchange resin
and 66 { doBE XA ety His achiisEitré Sca huERih e§EERRE e eS8 har ¢ mon
-[ 00261 An el ectrodeioni zation nmethod of a third aspect of the
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 compartménts, 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




I nvention enploys the el ectrodeioni zati on apparatus of either the first
aspect or the second aspect, and the apparatus is operated at a current
density of 300m& dM2or nore. [00271 An el ectrodeioni zati on nethod 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 Drawings [00281 Fig. 1 is an expl oded perspective view
showi ng @iel thereationsexéthangesmdinng 50nRa65nesluraetsadi g wepen
enbodinment; Fig. 2 is a perspective view showng a main part of a

partitio - hS nl.o i | the partition
menber ; Eltgé-aﬁ'ﬁge:'zgng r(cS%tC hvgggvaﬁﬁ'ags&ﬁg&%§ﬁ§§£via\éfdéﬁe’?mgong 12 condition
of the partition menber; Fig. 5a and 5b are perspective views show ng a
ratio oW um‘%ea‘éraaf@@er@%mam zonrtaleachy desmptingeampartgnest; s an
expl oded perspective view showi ng an el ectrodei oni zati on appar at us

accor di ngopgeihe cAmvelddtepdeientzation 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?2 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;

Flg 3 is an exploded perspective view of the partition
member;

Fig. 4 is a front view illustrating the water flowing

12




Det ai | ed Description of the Preferred Enbodi nents [00291 Wien 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 conpartnent, weak electrolytes are sufficiently
renmoved in this area. [00301 The el ectrodei oni zati on apparatus of the
first aspect has the desalting conpartnent filled with the ion exchange
resin. The |lower stream zone near the exit of the desalting conpartnent

is filledonditiorhefithe pxetisive heshber; 50 to 65 vol une% of which is anion
exchange resin. In this |lower stream zone, water is easily dissociated

(herei nafter soneti3psreferyr 0. "split.). ti e e ininthis
zone has enough pgﬁ&wé? %ﬁds'ﬁgfarﬁcq Bﬁngeﬁ‘BzY& %\%Vﬁg%}}%ﬁ@g%dr %IOHS
produced by split in the first aspec so that Na | eakage is prevented and

t
current ofmsiion pxchangesesiminimdesadtingeompartmenth0311 The
el ectrodei oni zati on apparatus of the second aspect has the desalting

conpartment fill edfyist i Bdéd \ sReeinst48am zone near
£‘§§| P [ fnsgﬁ%lzloefor}g%rt rren?ﬁ? g i)1??Itilijreedvygw 1P§ afl

the inlet of the d wth the n exchange
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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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anount of Na ions flowing down to the | ower stream zone is reduced. Hence,
Na | eakage is prevented, noving load of Na ions is reduced, and current
density is increased without voltage rise. [00321 Hereinafter, enbodi nments
of the present invention w1l be described with reference to the attached
drawings. Fig. 1 is an exploded perspective view show ng the structure of
a desalting conpartnent according to an enbodinent, Fig. 2 is a
perspective view showing a nmain part of a partition nmenber, Fig. 3 is an

expl oded[P@B3pect iThevilectpbdéimivationizapparates of 4heé sééand 4spect front
viewillustrating the water flowi ng condition of the partition nenber.

ronber 2T AIRL ¥ FOEARSE P, LT oFEPLHES RECFeh 8RBt . “an

i on exch&nge resin 23 filled in cells 22 fornmed by the partition nmenber
21, an ardil vpRematream Aenpraeer theanles ofdhe desrdtimnnge nenbrane 25
which are disposed to sandwich the frane 20. [00341 The frane 20 is

provi ded conipastinedyt ifidle it Br thé RohAkichfHce MMBESH0 0 B treated and
a flowinlet 27 for concentrated water in an upper portion thereof and

with a flow oud ek 28 ot desalied waber AR TowaNUSies® for
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.
[0082]  Hereinafter, embodiments of the present invention

- will be described with reference to the attached drawings. 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, 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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water formed in a |lower portion thereof. The flowinlet 26 and the flow
outlet 28 are connected to the inside of the frame 20 through a notch-1ike
channel s 26a, 28a, respectively. [00351 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 forned in the upper portion of the frane

20 to uniformy distribute the raw water into the respective top cells

aligned in the lateral direction, that is, the channels 26a directly

conmuni cghenvhtdné 24 agepactatien erchahloe mdmbrages 2fewildoheire t hough only
one channel 28a is illustrated to comunicate with only the right bottom

cell in R: t . real. | channels 28a are forned in the

| ower poﬁllggﬁg%?iﬂgghp&élﬁgl %8;253126\,{@(1' rectly communicate with the
respecti;te bottom cells. [00361 The partition nmenber 21 acgording to this
enbodi ment084li n aTW@dsmmV@%M@b@ﬂma@éet R618hi ch a | arge

nunber of cells are arranged in vertical and lateral directions in such a

manner t hatrgdading ehve izvgaﬁ?pfgo% lﬂr‘%@téd #hd axflefdihlet 22 foengi t udi nal

direction of the frane , 1.e. inthe wvertical direction. [00371 The
par {1 1 00, embst.BLATRYRE B SY1 QUSLY [ GHASH thored? il SPUE a5ty O T 0O
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 chénnels 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 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

15



For exanple, as shown in Fig. 3, the partition nenber 21 nmay be forned 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 nmay be enployed. The zigzag plate 30 i s nmade of
material which is perneable to water but not perneable to ion exchanger,
e.g. woven fabric, non-woven fabric, nmesh, and porous material. The

zi gzag phehicl3@ lea-gy aftenbelryof cslie thﬁeoabﬁa{ﬁ%é ddirdieytien! usiddatepalt heti c

resin or netal having acid resistance and alkali resistance. The vertical.

oar 1t 1 ofbeRRER S NPT etindl” FhaP RLBRR A 1868 Uekash 201133 ) b

provided with a water_ permeabl e sheet or a nesh attached to one side

t her eof ®xtenigeinihei langitmedined dizection of therframe 2@ hsestiadheor the
mesh. 16 [00391 The ot her structure of the el ectrodeionization apparatus
accor di ngrd@iddledpdeptbaent is the sane as that of the aforenentioned
conventional one of Fig. 6. [00401 Wen the desalting operation is

the raw (RDBAIS ot e bRHEHRS mreh BELh 1 May R partaeHo DY Fov Sk ABugn.
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 F.ig. 3. Each zigzag plate 30 comprises inclined surfaces
32, 33 which are connected at an angle of 120° with the vertical
surfaces 31. To connect the vertical surfaces 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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the partition menber 21 surrounding each cell 22 so as to flow into

adj acent cells 22 and thus gradually flows dowwardly. During this, the
water is deionized. Finally, the water reaches the bottom of the desalting
conmpartment and flows out to the flow outlet 28 through the channels 28a.
Through the flow outlet 28, the water is took out fromthe

el ectrodei oni zati on apparatus as the desalted water. [00411 The general
direction of water in the desalting conpartnent is a downward verti cal

di r ecti ofippgohuse The othnBeksctif® bfthendleetrsdSibiigwtiwmier exist at the

top of the franme 20 and the channels 28a for taking out the desalted water
exist at the battomof the fr 20., The part.ti,on nmenber t » upper

por ¢ ons ARKPTARRS ApevEd e Yo Hen 6o ha Bt olsc Y sAR8 s Bl ol at i ve
to the general direction of water, so_that the water flows obliquely and
downwar dithefaforementne@zonventibaalloveof (g Gel | 22 and the | ower
right cell 22. Therefore, the water 17 flows substantially uniformy to all

the i on Si0achcer . WRES ¥ desaRizREbBErabion £ EORMRALHTEE At L s
exchange TAEEATeY LhERuEh P Cfarredri ChEon DAL o, BIERETe resin
and water pressure is low Therefore, the ion exchange

water introduced into the desalting compartment flows through

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 electrédeionization 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 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. [00431 Enpl oyed as the ion exchanger to be filled in the cells 22
is a mxture 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 containi ng ani on exchange resin
at an equal or slightly high ratio, so that the first zone is sonetines

ref err edflows "shilsstantdatiesaniforrate tooallan]bn 20X ¢haraby @aprovang t he

second zone "slightly excessive zone" of anion exchange resin hereinafter.
The highly excessi,veszone ha m X rat o of ani on xch ge resin
Lo the t he iR STABReYRe BrBet P gRobés And Bs B SxeRABE change
resin of 66 tﬂi 80 vol unme% preferably 70 to 80% and the sllﬁhtly

excessi vé00di haslm thixi alhing comphetmentysincettheyeotlest? are the total
anount of the anion exchange 18 resin and the cation exchange resin of 50

to 85 volulrifvely Aiiall,!thd Bovhtrird pRESEuraa Rl fotlé dopa. the highly

excessive zone 1S ocat In the upst am si de e desalting

ci do | n Echyiige reRin b el seil B3 HaR SR WeiRbt g 9B b aRE s hovn |

Fig.5b, the slightly
resin and Water pressure is 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 ekchanger to be filled in the cells
22 is 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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excessive zone is located in the upstreamside in the desalting
conpartnent, and the highly excessive zone is located in the downstream
side in the desalting conpartnent. [00461 In both aspects of Figs.5a and
5b, the boundary B between the highly excessive zone and the slightly
excessive zone s 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 desalting conpartnent (in a direction fromthe top

to the beeshiainy FhescatisnsdcRangel fAloMBONd B8 vEkiredh. ani on exchange

resin in the highly excessive zone is |ower than 66 vol une% the anount of

O+ ions ced ter dissociation is_ insyfficient and,garbonic acid
i's ioni zé@égg}lbl caﬁ%&ﬁgtﬁrﬁ"gﬁsgfac naﬁr‘?g}ﬂ‘ypcli%ftlgri%’egh? ﬁﬁﬁéﬁy renoval
rate of the carbonic acid is decreased. Wen the ratio of anion exchange
resin i nexicesaivghzonexisekxiatedziomshesupsteam sidenisdheoflesabingenoval rate

of cations including Na+ ions 19 decreases, thereby the concentration of

Na+ ion i ' t IS 7 . ti f
ani o DR ATUeER, e, A el 2O Rt R i gy

excessi ve zone, carbonjc.acid, ;Na+.j.on and the |like are sufficiently
removed, GANENStrQaRDY S1dsin Hhe, AeSAILNG CAMBAREREDE. & weak acid, i s
pronoted so that renoval rate of silica is increased.

[0045] In the second aspect, as shown in Fig.5b, 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]  TIn 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 is lower than 66 volume%, the amount of OH" |
ions produced by water dissociation is insufficient and carbonic

acid is ioﬁized 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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When the ratio of anion exchange resin in the slightly excessive zone is

| ower than 50 volune% anions tend to leak fromthis zone. Wien the ratio
of anion exchange resin is higher than 65 volune%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 conpartnent may
have, between the highly excessive zone and the slightly excessive zone, a
noder at el y excessive zone where a ratio of the anion exchange resin is

bet ween Heepeabss | tieerdloplthecssrsshieaioncofNh it adld ghellikexeessi ve
zone. The ratio of the ani on exchange resin may vary within the above

range in hly .excessive the -Ii tI Xxcessi ve zone.
The ratigﬁﬁa e%Sd %@ﬁ&é&n&?e&é@ﬂeam @fl he upstream
side to the downstream side in each zone Wlthl n the above range. [00491
The appaezchengsvedimis in therangenof 66 taBOveolwpelatindthke highlyr ent
density of 300m& dM2 or nore, for exanple, 20 300 to 1200mA/ dM2, so that

treated \é%b@ésﬂ%’kﬂﬂeacﬁtﬁﬂmé%%l tN’é’E YoRf rﬂ]tg"tf'h@ likeaps hi gher can be

produced even when raw watef to e treat e i on concentration of
R0 iR ek RS RRRE
rhombi c. The partition

weak acid, is promoted so that removal rate of silica is increased.

When the ratio of anion exchange resin in the slightly excessive

zone 1s lower than 50 Volu.me%, anions tend to leak from this

zone. When the ratio of anion 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.

[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

niay 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/dm2 or more, for example,
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menber may be a triangle-type partition nenber conposed of triangular
cell. The partition nenber may formcells having other shapes. The
apparatus may have no cells, wherein the apparatus has no partition
menber. [00511 In the el ectrodei onization apparatus of the present

i nvention, the projected area to the ion exchange nenbrane of the cells is
preferablyl to 100 CM2, particularly 5 to 80CM2, nore particularly 10 to
50CM2. The di stance between a pair of the anion exchange nenbrane and the

cation ex3g(ignocl 2B0RIA B2y ise thet desatdd ReatamhavinB High the thickness
of the desalting conpartnent is preferably 1.5 to 15 nm particularly 3 to

10 mm the. siz fAant cells is veduced, the anpuat of t j.on
exchange G B THs B AP ih al higheF d5HE be W B exen W Dot on o
the ion exchanger is restrained. In addition, the strength of the

partiti orrawwatenio hdéreateddias af Nehion densentngtoonpid(ppb are
I ncreased. However, the pressure |oss 21 of the water flowing in the

desal t i ngnePBP#HF EAmblel BODEERS ©BD00JP9521 The concentrating conpart ment
in one aspec?prray avé a thi c@%ess ﬁlﬂgB to 1 mmand may be provided with

on” oxondhhees nTRoUER de eefls afe: hesaABaHAl BatiREuIA TSP EB 4o 0. 6 m

Aecord ng1:thoe 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 cm?2, particularly 5 to 80 cm?2, more
particularly 10 to 50 cm?. 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 fo 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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a preferable way of filling the ion exchanger, the ion exchange resin
corresponding to 100 to 140 % of the volune of the cells are introduced
into the cells and, after that, the cells are sandw ched between the ion
exchange menbranes so as to precisely fill the 1ion exchange resin in the
cells. [00541 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 exchange nenbranes are di sposed on the opposite sides of the desalting

conpart W@ﬁttherwat\é@tﬂ@v&ﬂiﬁgsﬁpIﬁhb&ﬂ)eé@ltiﬁ%ﬁdmbh@th%h@i@ haggeqsédsi de the
cells and, after that, the frames and the nenbranes are tightened up such

that the nme raf.i o ones 100 to 1029 Q0551 The congentrating
conpart n&ﬁg?ﬂ: anoTh rC ?C)%‘I&fraﬁlrﬁg (f)%mfnarxi@é%éﬂﬁtlﬂ 9%% a@?@[ﬁn@@fesi n. The
concentrati ng artment filled with an ion _exchange resin allows

co
el ect ri c hawe adihickmesssof 0. dosl thm iaryd dvayree pabvadedi withhsi fi es 22
tur bul ence of water inside thereof, thus inproving the efficiency of

el ectri c spaice®if 2030 66 Iﬁ@l&égﬂﬂﬁl@feiihlﬂ the desalting conpartnent, a
o e

partition nmenber nmay be arranged in t concentrating conpartnent to form

the reoplolpil ceiThe Prnbisls fiBmares Of sBEGoMEaehaDE THR B ¢ hrough t he
anodi e preferably 0.1 to 1 mm, particularly 0.2 to 0.6 mm. According to
| a preferable way of filling the ion exchanger, the ion exchange
résin 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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conpartment is introduced to the cathodic conpartnent and neutralized

t herein, because the cathodic conpartnent is generally alkaline. The
neutralization | owers the conductivity and partially increase the voltage
of the cathodic conpartnent, so that scales are easy to form Therefore,
't is preferable to enploy as the cathode a nesh el ectrode, a non-woven
fabric electrode, or a combi nati on thereof because such an el ectrode has
a large electrode area, thereby |lowering the current density on the

el ect r odgugbiflapecasitiniate iRistdetthar@edf! ehiup itrﬁ?&-@vmg theabfficierl§0571 For
operating the el ectrodei oni zati on apparatus of the present invention, it

I's preferghl o circul ate gangentrated water. .a tq coqnt.r t he
ci roul at & SBeBFccpliedt, ” ARe saine maiuker 19t AeSEBBE (i nes ni gner
than the feed water. In this case, it is preferable to electrically

separ at e comapairtatentyea paatitiossmembescniay begarchieged imthee concentrat ed
water so as to make the Langelier Index in the circulated water negative.

A 23 wea laGh a3 &l&@ﬂ | S ' eSS
el enent s&@%?gglgg Oo%%gﬁzg%@teﬁaafg?r%} eﬁsﬁﬁb%%l%t &@gFI%??g?QﬁﬁExanpl es 1

o0 2 oA o G a1 PG B R B 20 2
[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—wzoven 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, it is preferable to electrically separate and discharge
hardness i.e. scale ingredients in the concentrated water so as to

r'rnake the Langelier Index in the circulated water negative. A
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and Conparative Exanpl es has desalting conpartments having a structure as
shown in Figs. | to 4, and concentrating conpartnents having three ribs
extending vertically therein, respectively. [00601 The desalting
conpartments and the concentrating conpartnents have a width of 130mm and
a height of 400mm respectively. The desalting conpartnments have a

t hi ckness of 5mm and the concentrating conpartnments have a thickness of
2.5mm [00611 The apparatus has three desalting conpartnments and four

desal ti ngveskmasitnon exchathgddeyshai enaytiss nped forere anseithg hardimus in

Fig.6. As shown in Fig.6, electrode conpartnents are Iocated on the

out si des Eég{)e(ﬁ% the concentrating conpartnents which are | ocated at the
outest sP Spectively. 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
desal ting conpartnent by one pass. [0062] Cells in the desalting

conpar t ngx 4 #H éﬂelé.ea(ﬁﬂ(méin ﬁh@/\@gm@gg 1 to 4. The length of one side
of each hexag nis e vertical wall portions of the partition

menber [85%18']'9 eaﬁér%?xllla g?ngfesp ? gﬂdqu]%{ ?efer?tqgl )?arsrllp M se

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 conéentrating
compartments have a width of 130mm and a height of 400mm,
respectively. The desalting compartments have a thickness of
5mm, and the concentrating compai'tments 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 outést sides, respectively.

Raw water is introduced into each concentrating compartment to

24




mesh portions thereof are nade of polyester. [0063] The cells of each
desalting conpartnent was filled wth a m xture of an ani on 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 | ocated at the mddle of the desalting conpartnent in the
vertical direction. In Conparative Exanples 1 and 2, and Referenti al
Exanples 1 and 2, the mixing ratio of the anion exchange resin and the

cation efigandrrethroughess i@ ntrateduahaat. t Bheegatés ng conpart ment .
Exanpl e 1 upper streamzone: 75% | ower stream zone: 60% Exanple 2 upper

stream zone: 60%l ower strgam zone;,75% Conpar ati ve ampl,e 1. Refagrenti al
S anal e QU ATHOSEin R T AR A3 tvn o RORTRBH e Rt Fve to At Tt | o
compartnment was filled with a 25 m xture of the anion exchange resin and

t he cati desaltinghgempasimeint bpicate passni xi ng vol une ratio was 4: 6. Each
el ectrode conpartnent was filled with the cation exchange resin. [00651

1t oPAOORID CCORI e, LS ampantekoe Uk ol <4 b
Ceoons " ShotnTn FigE1° 4. 2T he lenst SFons sfaé SPeatH Rekdhon 16 ' 0"
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 exchaﬁge resin and the cation exchange resin
was uniform throughout the desalting compartment.
Example 1 upper stream zone:75% 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%

-

{0064] Each concentrating compartment was filled with a
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(11 Oppb in Referential Exanple 1) and a conductivity of 10 AS /cm (1 p
S/cmin Referential Exanple 1). Flowrate in the desalting conpartnent
:190L/h Flow rate in the concentrating conpartnent :40L/h Voltage: 20V
Current: 4A Current density: 800mA/ dM2 (200mA/ dM2in Referential Exanple 2)
Current efficiency: 20% [ 00661 The qualities of treated water thus obtained
are shown in Table 1. According to Table 1, by providing a highly
excessi ve zone of the anion exchange resin in the upper zone or the | ower

zone of phtktdaeAdf tHe aﬁ?ﬁm}?bk@h@n%"’é;@eéiﬁ g the cApiensekoleangae of the

ani on exchange resin in the opposi zone of the sane desalting

conpartnent, carbeni cid was rempved 26, w t hout .iacreasi;ng vol tage even
when t he TP WHICH fhe mixine yoRime Tatd Wk 4ddhsi (5P s00my dnp t o

treat the raw water having a concentration of Na ion of 300 ppb or nore.
[0067] Aetecttiode conpeirimeantavasdalpdewithrthehcatiorhexchangearesithad a | ow
concentration of Na ion, the raw water having a good condition did not

tcﬁgsguir ng?ﬁggngr t?%hgg%%%ﬁQﬁBhd&Mdiﬁongeﬁr@%@rﬁé P&kl e 2, in which
Raw water: Water prepared by treating city water
with a reverse osmosis membrane, having a concentration of
carbonic acid of 18mgCOQO2/L, a concentration of Na ion of 760ppb
(110ppb in Referential Example 1) and a conductivity of 10 S
fem (1 1 S/cm 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

26




when the treatnent was executed,
I ncrease of voltage.
Ani onConcentrati onCurrentl ncrease Nexchange resinf N densitfResistivity i

[ 0068]

[ Tabl e 1]

the low current density did
Rati o of

not cause

0.a yo on upperlowertotal [ ppb] [ nA/ dnR] Vol t ageM cm] 20cn20cm Exanpl e
175%60%68%60800nonel2. 8 Exanpl e 260%5%68% 60800nonel4. 5 Conparati ve

Exanmp
170%70%0%4.10800nonel5. 2 Referenti al

le 170%0% 0% 60800i ncreaseld. 7 Referenti al
Exanpl e 270% 0% 0% 60200none7. 8

Exanp

| e

without increasing voltage even when the apparatuses were

operated at a current density of 800mA/dm? to 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]
Ratio of Amo'n Concentration| Current |Increase .
exchange resin . . Resistivity
No. . of Naion | density of MO em]
‘;%gg 205:; :' total [ppb] [mA/dm?] | Voltage
Example 1 | 75% | 60% | 68% 760 800 none 12.8
Example 2 | 60% | 75% | 68% 760 800 none 14.5
%’gﬁ;ﬁ“‘f 70% | 70% | 70% 760 800 |increase| 14.7
%f:;f;‘f‘ll 70% | 70% | 70% 110 800 none 15.2
Iéf:;f;‘zazl 70% | 70% | 70% 760 200 none 78
%’}2‘;:‘;13:“;8 60% | 60% | 60% 760 800 none 3.4
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Conpar ati ve Exanpl e 260%60%60%60800none3. 4 27 Wat is clainmed is: 1. An
el ectrodei oni zati on apparatus conprising: a cathod; an anode;
concentrating conpartnents and desalting conpartnents alternately forned
by arranging a plurality of cation exchange nenbranes and a plurality of
ani on exchange nenbranes alternately between the cathode and t he anode,
water to be treated being introduced into the desalting conpartnents,

concentrated water being introduced into the concentrating

and i on &¥tiaangecldped igilled in the desalting conpartnents,

‘exchange resins being a mxture of an anion exchange resin

conpart nment s;
said ion
and a cation

exchange qresin ﬁ“% @gi é n exchange resin to
t he tot aI1 ué ?l[é?ﬁg) %%%%Mﬁg)é)arﬁ Iﬂgnjeétlon exchange resin
I s expressed as A vol une% at an upper stream zone in each desalting
conpartnment ané @&@h@dsed as B volume% at a | ower stream zone in each

desalting conpartnent, A is 66 to 80 and Bis 50 to 65; or
an anode;

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

ion 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 15 66 to 80 and B i1s 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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Ais 55 to 65 and Bis 66 to 80. 2. The el ectrodei oni zati on apparatus as
claimed in claiml1, 28 wherein Ais 66 to 80 and Bis 50 to 65. 3. The

el ectrodei oni zati on apparatus as clainmed in claiml1l, wherein Ais 50 to 65
and Bis 66 to 80. 4. An el ectrodeionization nethod for deionizing water
with wusing the el ectrodeionization apparatus of claim1l. 5. An

el ectrodei oni zation nmethod as clained in claim4, wherein the

el ectrodei oni zati on apparatus is operated at an electric density of 300mA

or nore. whe¥ireAetd 66died 80 aatli BnisnBOHedgss clained in claim4, wherein
the el ectrodei oni zati on apparatus treats the raw water to be treated
having agha 1 o eoRfentbaki SRl ti3A AP aYat R $s chfimed 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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