ELECTRODEI ONI ZATI ON DEVI CE AND PURE- WATER PRODUCTI ON SYSTEM
Technical Field

[ 0001] The present invention relates to an

el ectrodei oni zati on device and a pure-water production
systemthat enable a high degree of rejection of boron
contained in water to be treated and a nethod for producing
dei oni zed water with the el ectrodeioni zati on device.
Background Art

[ 0002] An ul trapure-water production systemfor producing
ultrapure water fromraw water such as city water,
groundwat er, or industrial water includes a pretreatnent
subsystem a primary pure-water production subsystem and a
secondary pure-water production subsystem The pretreatnment
subsystem i ncl udes a coagul ati on apparatus, a floatation
apparatus, a filtration apparatus, a clarification-nmenbrane
apparatus, and the like. The primary pure-water production
subsystem i ncl udes one or nore apparatus selected from an
active-carbon adsorption colum, an ultraviolet (WY

oxi dation apparatus, a chem cal oxidation apparatus, a
degassi ng apparatus, and the |li ke and a desalting appar at us.
The desal ting apparatus includes one or nore devices
selected froma reverse-osnosis (RO nenbrane separation
devi ce, an el ectrodei oni zati on device, and an ion-exchange
devi ce (a m xed-bed ion-exchange device or an ion-exchange

pure water device). The secondary pure-water production



subsystem i ncl udes device units simlar to those included in
the primary pure-water production subsystem as needed. A
common second pure-water production subsystemincludes a

| ow- pressure UV oxidation device, a m xed-bed ion-exchange
device, and an ultrafiltration (UF) nenbrane separation
devi ce.

[ 0003] Anmong t he above device units, the RO nenbrane
separation device, the el ectrodeionization device, and the
m xed- bed i on-exchange device are responsible for the
desalting of raw water; the RO nmenbrane separation device
and the UF nenbrane separation device are responsible for
the rejection of mcroparticles contained in raw water; and
t he RO nenbrane separation device, the ion-exchange pure
wat er device, and the | ow pressure UV oxidation device are
responsible for the rejection of TOC conponents.

[ 0004] Strict water quality standards, such as a boron
concentration of 1 ppt or |less, have been applied to the
production of ultrapure water.

[ 0005] It has been proposed to use a hi gh-perfornance

el ectrodei oni zati on devi ce capabl e of achi eving a high boron
rejection (e.g., "KCD -UPz" produced by Kurita Water

I ndustries Ltd.) for deionization of water with a

conbi nati on of an RO nenbrane separation device. However,
the boron rejection of the high-perfornmance

el ectrodei oni zati on devices is about 99.9% at the highest.



Therefore, when water to be treated having a boron
concentration of about 20 ppb for exanple is treated with an
RO nmenbrane separation device to produce RO perneate water
havi ng a boron concentrati on of about 10 ppb, and the
perneate water is then treated with an el ectrodei oni zati on
devi ce having a boron rejection of 99.9% the boron
concentration in the treated water (deionized water by the
el ectrodei oni zation device) is 10 ppt at the lowest. In
other words, it is not possible to produce treated water
having a boron concentration of 1 ppt or |ess.

[ 0006] Comon el ectrodei oni zati on devi ces include a

cat hode, an anode, and a plurality of cation-exchange

menbr anes and ani on- exchange nenbranes that are arranged
alternately between the cathode and the anode so as to form
concentrating conpartnents and desalting conpartnents that
are arranged alternately. The desalting conpartnents are
filled wwth an ion-exchange resin. 1|In sone

el ectrodei oni zati on devi ces, the concentrating conpartnents
are also filled with an ion-exchange resin.

[ 0007] | on-exchange resins filled in desalting
conpartnments and concentrating conpartnents included in the
el ectrodei oni zati on devices used in the related art have a
particle size of about 500 to 600 um The uniformty in the
particle size of the ion-exchange resin has not been

consi der ed.



[ 0008] Desal ting conpartnments of an el ectrodeioni zation
device in Exanples of Patent Literature 1 are filled with an
ani on-exchange resin "DI AION (regi stered trademark) SA10A"
(average particle size: 540 um) produced by M tsubish

Chem cal Corporation and a cation-exchange resin "DI Al ON
(registered trademark) SK1B" (average particle size: 620 um
produced by M tsubishi Chem cal Corporation

[ 0009] Patent Literature 2 proposes a deioni zed-water
production systemincluding desalting conpartnents filled
with a mxture of groups of ion-exchange resin particles
whi ch have different uniformparticle sizes. The particle
size of a group of ion-exchange resin particles which has
the largest uniformparticle size is 1.5 tinmes or nore the
particle size of a group of ion-exchange resin particles
whi ch has the smallest uniformparticle size. A though it
is described in Patent Literature 2 that the particle size
of the group of ion-exchange resin particles which has the
smal l est uniformparticle size is 30 to 600 um the ion-
exchange resin actually used in Exanpl es of Patent
Literature 2 is a mxture of a cation-exchange resin having
an average particle size of 630 um a cation-exchange resin
havi ng an average particle size of 220 yum and an ani on-
exchange resin having an average particle size of 575 um at
a ratio of 25:22.5:52.5 (weight ratio).

[ 0010] It is described in Exanples of Patent Literature 3



that a nolded article of an ion-exchange resin is filled in
desalting conpartnents. The article is fornmed by nolding a
cati on-exchange resin having an average particle size of 600
um and an ani on-exchange resin having an average particle
size of 550 umw th a binder.
[ 0011] Patent Literature 1: Japanese Patent Publication
2001- 113281A.

Patent Literature 2: Japanese Patent Publication H10-
258289A

Patent Literature 3. Japanese Patent Publication 2002-
1345A
Summary of Invention
[ 0012] An object of the present invention is to provide an
el ectrodei oni zati on devi ce having an inproved boron
rejection capability conpared w th high-performance
el ectrodei oni zati on devices proposed in the related art, a
met hod for producing deionized water with the
el ectrodei oni zati on device, and a pure-water production
system i ncludi ng the el ectrodei oni zati on devi ce.
[ 0013] The inventors of the present invention conducted
extensive studies in order to address the above issues and,
as a result, found that a high degree of rejection of boron
contained in water to be treated can be achi eved by using
uniformy sized ion-exchange resin particles having a

smal l er size than the ion-exchange resin particles used in



the related art as an ion-exchange resin particles charged
in desalting conmpartnents and concentrating conpartnents
included in an el ectrodei oni zati on devi ce.
[ 0014] The present invention was nade on the basis of the
above findings. The summary of the present invention is as
fol |l ows.
[0015] [1] An electrodeionization device conprising a
cat hode; an anode; and a plurality of cation-exchange
menbranes and a plurality of ani on-exchange nmenbranes, the
plurality of cation-exchange nenbranes and the plurality of
ani on- exchange nenbranes bei ng arranged between the cat hode
and the anode so as to formconcentrating conpartnments and
desalting conpartnents, the concentrating conpartnments and
desalting conpartnments being arranged alternately, the
desalting conpartnents being filled with an ion-exchange
resin,

wherein the ion-exchange resin has an average particle
size of 100 to 300 um
[0016] [2] The el ectrodeionization device according to [1],
wherein the ion-exchange resin has a uniformty coefficient
of 1.1 or |ess.
[0017] [3] The electrodeionization device according to [1]
or [2], wherein the ion-exchange resin is a resin mxture of
an ani on-exchange resin and a cation-exchange resin.

[0018] [4] The el ectrodeionization device according to [3],



wherein the ion-exchange resin on an entry side of the
desalting conpartnents in a water-flow direction is a resin
m xture of an ani on-exchange resin and a cati on-exchange
resin at a ratio of Anion-exchange resin: Cation-exchange
resin = 60 to 90:40 to 10 (dry weight ratio); and

the ion-exchange resin on an exit side of the desalting
conpartments is a resin mxture of an ani on-exchange resin
and a cation-exchange resin at a ratio of Anion-exchange
resin: Cation-exchange resin = 40 to 60:60 to 40 (dry wei ght
ratio).
[0019] [5] The el ectrodeionization device according to any
one of [1] to [4], wherein the concentrating conpartnents
are filled with an ion-exchange resin having an average
particle size of 100 to 300 um
[0020] [6] The el ectrodeionization device according to [5],
wherein the ion-exchange resin filled in the concentrating
conpartnments has a uniformty coefficient of 1.1 or |ess.
[0021] [7] The el ectrodei oni zati on device according to
[5] or [6], wherein the ion-exchange resin filled in the
concentrating conpartnents is a resin mxture of an anion-
exchange resin and a cation-exchange resin.
[ 0022] [ 8] The el ectrodei oni zati on device according to
[ 7], wherein the ion-exchange resin filled in the
concentrating conpartnents is a resin mxture of an anion-

exchange resin and a cation-exchange resin at a ratio of



Ani on- exchange resin: Cati on-exchange resin = 40 to 70:60 to
30 (dry weight ratio).
[0023] [9] A nethod for producing deionized water using the
el ectrodei oni zati on device according to any one of [1] to
[8], the nethod conprising:

passing water to be treated through the desalting
conpartnments of the el ectrodeioni zation devi ce;

passi ng part of water discharged fromthe desalting
conpartments through the concentrating conpartnents in a
direction opposite to a direction in which the water-to-be-
treated i s passed through the desalting conpartnents; and

di scharging the renmai nder of the water discharged from
the desalting conpartnents as treated water
[0024] [10] A pure-water production system conprising the
el ectrodei oni zati on device according to any one of [1] to
[8], and a reverse-osnosi s nmenbrane separation device
di sposed upstream of the el ectrodeionization device.
Advant ageous Effects of Invention
[ 0025] According to the present invention, it is possible
to achieve a high degree of rejection of boron contained in
water to be treated. This enables the production of treated
wat er having a boron concentration of 1 ppt or |ess.
Description of Enbodi nents
[ 0026] Enmbodi nents of the present invention are described

bel ow i n detail



[ 0027] The el ectrodei oni zati on device according to the
present invention includes desalting conpartnents filled

wi th an ion-exchange resin having an average particle size
of 100 to 300 um The ion-exchange resin preferably has a
uniformty coefficient of 1.1 or |ess.

[ 0028] The mechani snms by which the boron-rejection
capability is enhanced by the el ectrodeionization device
according to the present invention where the ion-exchange
resin has an average particle size of 100 to 300 um which
is smaller than the average particle sizes (about 500 to 600
um) of the ion-exchange resins used in the related art, have
not been clarified, but are presunably as foll ows.

An ion-exchange resin having an average particle size
of 100 to 300 umhas 4 to 5 tinmes the area of the surfaces
of the same anount of conventional ion-exchange resin
particles having the average particle sizes of about 500 to
600 um The area of the surfaces of ion-exchange resin
particles are responsible for the adsorption and transfer of
boron. The ion-exchange resin having an average particle
size of 100 to 300 umtherefore markedly increases the
ef ficiency with which boron adsorbed on the ion-exchange
resin transfers into the concentrating conpartnents by
nmovi ng on the surfaces of the ion-exchange resin particles
filled in the desalting conpartnents.

When the ion-exchange resin in the desalting



conpartnments has a small particle size but has a uniform
particle size such as a uniformty coefficient of 1.1 or

| ess, the porosity of the desalting conpartnents becones
substantially equal to the porosity of desalting
conpartnments filled with an ion-exchange resin having a

| arge particle size. This advantageously prevents an
increase in the differential pressure of water that flows

t hrough the desalting conpartnents.

[ 0029] I f the average particle size of the ion-exchange
resin filled in the desalting conpartnments exceeds 300 um

t he advantage of using an ion-exchange resin having a small
particle size in the present invention may be reduced. On

t he ot her hand, an ion-exchange resin having an average
particle size smaller than 100 um may not be suitable in
terms of ease of handling, water-flow resistance, and

avai lability. Accordingly, the average particle size of the
i on-exchange resin is preferably 100 um or nore. The ion-
exchange resin used in the present invention preferably has
an average particle size of 150 to 250 um

[ 0030] As descri bed above, the ion-exchange resin used in
the present invention preferably has a uniform particle size.
Specifically, the uniformty coefficient of the ion-exchange
resinis preferably 1.1 or less and is particularly
preferably 1.05 or less. The lower |imt of the uniformty

coefficient of the ion-exchange resin is 1.0. The



uniformty coefficient of the ion-exchange resin can be
determ ned by a common net hod, such as the publicly known
cal cul ati on nmet hod described in "DI AlON Manual 1" Fourth
Edition (Qctober 10, Heisei 20(2008)), pp. 70-71, published
by M tsubishi Chem cal Corporation, Separation Materials
Dept .

[ 0031] Commerci al Iy avail abl e i on-exchange resi ns having

t he above-descri bed average particle size and uniformty
coefficient my be used. For exanple, the ion-exchange
resins described in Exanpl es bel ow may be used. It is also
possible to use a comrercially avail abl e i on-exchange resin
having a |l arge particle size by pulverizing the ion-exchange
resin, sizing the pulverized particles, and then controlling
the size of the particles.

[ 0032] An ion-exchange resin filled in the desalting
conpartnments is usually a resin mxture of an ani on-exchange
resin and a cation-exchange resin. Accordingly, it is
preferabl e that the anion-exchange resin and the cation-
exchange resin each have the above-described average
particle size and uniformty coefficient. It is also
preferabl e that the anion-exchange resin and the cation-
exchange resin have a substantially equal average particle
size (the term"equal" used above neans that the difference
in average particle size is 100 umor less) and a

substantially equal uniformty coefficient (the term "equal"”



used above neans that the difference in uniformty
coefficient is 0.05 or |ess).

[ 0033] The m xing rati o between the ani on-exchange resin
and the cation-exchange resin constituting the resin m xture
filled in the desalting conpartnments are preferably Anion-
exchange resin: Cation-exchange resin = 60 to 90:40 to 10 and
is particularly preferably 60 to 80:40 to 20 (dry wei ght
ratio). The mxing ratio in the resin mxture charged in
the desalting conpartnments may be uniformover the entire
desalting conpartnments so as to fall within the above
specific range. Alternatively, the mxing ratio in the
resin mxture on the entry side of the desalting
conpartments in the direction in which water is passed

t hrough the desalting conpartments may be different from
that on the exit side of the desalting conpartnents. For
exanple, a region of the desalting conpartnments which
extends 1/2 to 1/3 the length of the water-fl ow channel from
the entry-side (upstreanm) end of the desalting conpartnents
may be filled with a resin m xture of an ani on-exchange
resin and a cation-exchange resin at a mxing ratio of

Ani on- exchange resin: Cati on-exchange resin = 60 to 90:40 to
10 or preferably 70 to 80:30 to 20 (dry weight ratio), and
the other region (the exit-side region) of the desalting
conpartnents nmay be filled with a resin m xture of an anion-

exchange resin and a cation-exchange resin at a mxing ratio



of Ani on-exchange resin: Cation-exchange resin = 40 to 60: 60
to 40 or preferably 50 to 60:50 to 40 (dry weight ratio).
This enabl es anions to be effectively rejected on the
entry side of the desalting conpartnents and creates an
al kal i ne at nosphere, which pronotes the ionization of
carbonic acid, silica, and boron and increases the
I'i kelihood of carbonic acid, silica, and boron being
rejected in the el ectrodei oni zation devi ce.
[ 0034] In the el ectrodei oni zati on device according to the
present invention, it is preferable to fill the
concentrating conpartnents also with an ion-exchange resin
in order to achieve a high boron rejection percentage. The
average particle size of the ion-exchange resin filled in
the concentrating conpartnments is preferably 100 to 300 um
and is nore preferably 150 to 250 ymand the uniformty
coefficient of the ion-exchange resin charged in the
concentrating conpartnents is preferably 1.1 or less and is
nore preferably 1.0 to 1.05 for the sane reasons as for the
i on-exchange resin charged in the desalting conpartnents.
[ 0035] The ion-exchange resin filled in the concentrating
conpartments is also preferably a resin m xture of an anion-
exchange resin and a cation-exchange resin and is
particularly preferably a resin mxture including an anion-
exchange resin and a cation-exchange resin at a ratio of

Ani on- exchange resin: Cati on-exchange resin = 40 to 70:60 to



30 or preferably 50 to 70:50 to 30 (dry weight ratio).

[ 0036] As described above, the el ectrodeioni zati on device
according to the present invention has a structure simlar
to the structures of common el ectrodei oni zati on devi ces t hat
i nclude a cathode, an anode, and a plurality of cation-
exchange nmenbranes and ani on- exchange nenbranes that are
arranged alternately between the cathode and the anode so as
to formconcentrati ng conpartnents and desal ting
conpartments that are arranged alternately, except that the
specific ion-exchange resin is used as an ion-exchange resin
that is charged in the desalting conpartnents and is
preferably charged also in the concentrati ng conpartnents.

[ 0037] The thickness of the desalting conpartnents (the

di stance between an adj acent pair of an ani on-exchange
menbrane and a cati on-exchange nenbrane that define each of
the desalting conmpartnents) is preferably small fromthe

vi ewpoi nt of ion mgration efficiency, that is, mgration

di stance, but is preferably large fromthe viewpoint of ease
of the production of the device. The thickness of the
desalting conpartnents is preferably 2.0 to 8.0 mm

[ 0038] The thickness of the concentrating conpartnents is
preferably substantially equal to that of the desalting
conpartnments.

[ 0039] In the nmethod for produci ng deioni zed water

according to the present invention, water to be treated is



dei oni zed by bei ng passed through the above-descri bed

el ectrodei oni zati on device according to the present
invention. In order to achieve a high boron rejection
percentage, after water to be treated has been passed

t hrough the desalting conpartnents included in the

el ectrodei oni zati on device, part of the treated water (water
di scharged fromthe desalting conpartnents), that is, for
exanpl e, about 10%to 30% of the anpbunt of treated water, is
preferably passed through concentrating conpartnents in a
direction opposite to the direction in which water is passed
t hrough the desalting conpartnents. The velocity at which
wat er i s passed through the el ectrodeionization device is
preferably set such that water is passed through the
desalting conpartnments at an LV of about 50 to 150 ni hr and
water is passed through the concentrating conpartnents at an
LV of about 10 to 30 mihr in consideration of boron
rejection percentage and treatnent efficiency.

[ 0040] The current density of the el ectrodei oni zation
device at the tinme during which water to be treated is
passed t hrough the el ectrodei onization device is preferably
500 mN dnf or nore, that is, for exanple, 1000 to 1500 m¥ dnf.
[ 0041] The el ectrodei oni zati on device according to the
present invention is particularly preferably used as an

el ectrodei oni zati on devi ce di sposed downstream of an RO

menbr ane separation device included in a pure-water



production system It is possible to efficiently produce
treated water having a boron concentration of 1 ppt or |ess
by treating RO perneate water discharged fromthe RO

menbr ane separation device, which has a boron concentration
of about 10 to 20 ppb, with the el ectrodeionization device
according to the present invention.

[ 0042] The pure-water production systemaccording to the
present invention includes an RO nenbrane separati on device
and the el ectrodei oni zati on device according to the present
i nvention which is disposed downstream of the RO nenbrane
separation device. The nunber of RO nmenbrane separation
devices is not limted to one; two or nore RO nenbrane
separation devices nay be arranged in series. A

pretreat ment subsystemincluding an active-carbon colum, a
coagul ation apparatus, a floatation apparatus, a filtration
apparatus, a clarification-nenbrane apparatus, and the like
may be optionally di sposed upstream of the RO nenbrane
separation device. A UV oxidation apparatus and a
degassi ng- nenbr ane apparatus may al so be optionally

i nt erposed between the RO nenbrane separation device and the
el ectrodei oni zati on device. A UV oxidation apparatus, a

m xed- bed i on-exchange device, and a UF nenbrane separation
device may al so be optionally di sposed downstream of the

el ectrodei oni zati on devi ce.

EXAMPLES



[ 0043] The present invention is described nore
specifically with reference to Exanpl es bel ow
[ 0044] [ Exanpl e 1]

As an ani on-exchange resin, "DIAION (registered
trademar k) UMA150" (average particle size: 200 um
uniformty coefficient: 1.03) produced by M tsubish
Chem cal Corporation was used. As a cation-exchange resin,
"Dl AlON (registered tradenmark) UBK550" (average particle
size: 200 uym wuniformty coefficient: 1.05) produced by
M t subi shi Chemi cal Corporation was used. An
el ectrodei oni zati on device ("KCDI-UPz" produced by Kurita
Water Industries Ltd.) including an anode, and a cat hode,
and a plurality of anion-exchange nenbranes and a plurality
of cation-exchange nenbranes that were arranged alternately
bet ween the anode and the cathode so as to form
concentrating conpartnents and desalting conpartnents that
were arranged alternately was prepared such that the
direction in which water was passed through the desalting
conpartnents was perpendicular to the direction in which
wat er was passed through the concentrating conpartnments. An
i on- exchange resin was charged into the desalting
conpartments and the concentrating conpartnents in the
foll owi ng manner. The thickness of the desalting
conpartnments and the concentrating conpartnments was 5 mm

The filling height of the ion-exchange resin was 60 cm



[ 0045] Desal ting conpartments: a resin mxture including
t he ani on-exchange resin and the cation-exchange resin at a
rati o of Anion-exchange resin: Cation-exchange resin = 8:2
(dry weight ratio) was charged into a region of the water-
fl ow channel of each desalting conpartnment which extends 30
cmfromthe entry-side end, and a resin m xture including
t he ani on-exchange resin and the cation-exchange resin at a
rati o of Anion-exchange resin: Cation-exchange resin = 5:5
(dry weight ratio) was charged into the other region, that
is, the exit-side region, of the water-flow channel.

Concentrating conpartnents: a resin mxture including
t he ani on-exchange resin and the cation-exchange resin at a
rati o of Anion-exchange resin:Cation-exchange resin = 5:5
(dry weight ratio) was charged.
[ 0046] While a current was applied to the
el ectrodei oni zati on device at a current density of 1200
mA dnf, water to be treated having a boron concentration of
10 ppb was passed downwardly through the desalting
conpartnents at an LV of 100 mhr, and 20% of the anmount of
wat er di scharged fromthe desalting conpartnents was passed
upwardly through the concentrating conpartnents at an LV of
20 mhr. The remai nder of the water discharged fromthe
desal ting conpartnments was di scharged as treated water.

The treated water (the water discharged fromthe

desalting conpartnents) had a boron concentration of 1 ppt



or less. Thus, a boron rejection percentage of 99.99% was
achi eved.
[ 0047] [ Conpar ati ve Exanple 1]

Water to be treated was passed through an
el ectrodei oni zati on device having the same structure as in
Exanpl e 1 under the sane conditions as in Exanple 1, except
t hat an ani on-exchange resin and a cati on-exchange resin
that both had a particle size of 500 to 600 um were used.
The treated water had a boron concentration of 9 ppt. The
boron rejection percentage was 99.9% which was at the sane
| evel as the boron rejection percentages achi eved by the
el ectrodei oni zati on devices proposed in the related art.
[ 0048] Al t hough the present invention has been descri bed
in detail with reference to particular enbodinents, it is
apparent to a person skilled in the art that various
nodi fi cati ons can be made therein wi thout departing fromthe
spirit and scope of the present invention.

The present application is based on Japanese Patent
Application No. 2015-028736 filed on February 17, 2015,

which is incorporated herein by reference in its entirety.



CLAI M5
[Caim1]

An el ectrodei oni zati on devi ce conprising a cathode; an
anode; and a plurality of cation-exchange nenbranes and a
plurality of anion-exchange nenbranes, the plurality of
cation-exchange nenbranes and the plurality of anion-
exchange nenbranes bei ng arranged between the cathode and
the anode so as to formconcentrating conpartnments and
desalting conpartnents, the concentrating conpartnments and
desalting conpartnments being arranged alternately, the
desalting conpartnments being filled with an ion-exchange
resin,

wherein the ion-exchange resin has an average particle
size of 100 to 300 um
[ A ai m 2]

The el ectrodei oni zati on device according to Caim1l,
wherein the ion-exchange resin has a uniformty coefficient
of 1.1 or |ess.

[ aim 3]

The el ectrodei oni zati on device according to Caim1l or
2, wherein the ion-exchange resin is a resin mxture of an
ani on-exchange resin and a cation-exchange resin.

[ A ai m 4]
The el ectrodei oni zati on device according to C aim 3,

wherein the ion-exchange resin on an entry side of the



desalting conpartnments in a water-flow direction is a resin
m xture of an ani on-exchange resin and a cation-exchange
resin at a ratio of Anion-exchange resin: Cation-exchange
resin = 60 to 90:40 to 10 (dry weight ratio); and

t he ion-exchange resin on an exit side of the desalting
conpartments is a resin mxture of an ani on-exchange resin
and a cation-exchange resin at a ratio of Anion-exchange
resin: Cati on-exchange resin = 40 to 60:60 to 40 (dry wei ght
ratio).

[ A ai m 5]

The el ectrodei oni zati on devi ce according to any one of
Clainms 1 to 4, wherein the concentrating conpartnments are
filled wwth an ion-exchange resin having an average particle
size of 100 to 300 um
[ aim 6]

The el ectrodei oni zati on devi ce according to C aimb5,
wherein the ion-exchange resin filled in the concentrating
conpartnments has a uniformty coefficient of 1.1 or |ess.
[Caim7]

The el ectrodei oni zati on device according to Claim5 or
6, wherein the ion-exchange resin filled in the
concentrating conpartnents is a resin mxture of an anion-
exchange resin and a cation-exchange resin.

[ aim 8]

The el ectrodei oni zati on device according to Caim?7,



wherein the ion-exchange resin filled in the concentrating
conpartments is a resin mxture of an ani on-exchange resin
and a cation-exchange resin at a ratio of Anion-exchange
resin: Cation-exchange resin = 40 to 70:60 to 30 (dry wei ght
rati o).
[Caim9]

A net hod for producing dei oni zed water using the
el ectrodei oni zati on device according to any one of Clains 1
to 8, the nethod conpri sing:

passing water to be treated through the desalting
conpartnents of the el ectrodeionization device;

passi ng part of water discharged fromthe desalting
conpartments through the concentrating conpartnents in a
direction opposite to a direction in which the water-to-be-
treated i s passed through the desalting conpartnents; and

di scharging the renmai nder of the water discharged from
the desalting conpartnents as treated water
[ A ai m 10]

A pure-water production system conprising the
el ectrodei oni zati on device according to any one of Clains 1
to 8, and a reverse-osnosi s nenbrane separation device

di sposed upstream of the el ectrodeionization device.



