- 1 APPARATUS FOR ELECTRODEI ONI ZATI ON AND METHOD FOR OPERATI NG THE SAME
Field of the Invention The present invention relates to an

el ectrodei oni zati on apparatus for produci ng product water having a very

| ow concentration of boron or for producing product water having a very

| ow concentration of anions, and also relates to a nethod for operating

t he apparatus. Background of the Invention El ectrodeionization apparatuses
are used in the field where deionized water and ultrapure deioni zed wat er
are produced. A plate-and-frane typeielectrodeionization apparatus has an
anode, a cat hode, ani on-exchange nmenbranes, and cation-exchange nenbranes.
The nmenbranes are alternately arranged in such a manner as to alternately
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an ion %ﬁﬁp%ﬂ%ﬁg such as ion- exchange resin. Water to be desalted flows
t hrough the esalting chanbers, and ions in the water pass through the

i on- exchange nmenbranes to nove fromthe desalting chanbers to the
concentrating chanbers. Japanese Unexam ned Patent Application Publication

NO. - 2Field of the Invention
The present invention relates to an electrodeionization
apparatus for producing product water having a very low
concentration of boron or for producing product water having
a very low concentration of anions, and alsc relates to a

method for operating the apparatus.

Background of the Invention

Electrodeionization apparatuses are used in the field
where deionized water and ultrapure deiconized water are
produced. A plate-and-frame type electrodeionization
apparatus has an anode, a cathode, anion-exchange membranes,
and cation-exchange membranes. The membranes are
alternately arranged in such a manner as to alternately form
concentrating chambers and desalting chambers (diluting
chambers) between the anode and the cathode. The desalting
chambers are filled with an ion exchanger such as ion-
exchange resin. Water to be desalted flows through the
desalting chambers, and ions in the water pass through the
ion-exchange membranes to move from the desalting chambers
to the concentrating chambers.

Japanese Unexamined Patent BApplication Publication No.




2002- 205069 di scl oses a nmethod for produci ng product water having very | ow
concentrations of silica and boron. The product water is produced by

i ntroducing water containing silica or boron at a concentration | ower than
that of raw water into concentrating chanbers at a side near outlets for

di schargi ng deioni zed water from desalting chanbers, discharging
concentrated water fromthe concentrating chanbers at a side near inlets
for introducing the raw water into the desalting chanbers, and draining at
| east a part of the concentrated wate& -di scharged fromthe concentrating
chanbers out of a system In the patent docunent, product water of high
quality can be obt ai ned by using the concentrated water containing silica
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concentration of the resultlng product water 1S significantly é%creased

Summary of14dwedtt idiedd dis Ancti@otr of i ddhel pres efian nvent ion r.tacw provide an
el ectrodei oni zati on apparatus and a nethod for operating an -

water into concentrating chambers at a side near outlets for

discharging deionized water from desalting chambers,

discharging concentrated water from the concentrating

chambers at a side near inlets for introducing the raw water

into the desalting chambers, and draining at least a part of

the concentrated water discharged from the concentrating

chambers out of a system.

In the patent document, product water of high quality
can be obtained by using the concentrated water containing
silica or boron at a concentration lower than that of the
raw water and letting such water of good quality flow in the
concentrating chambers from the side of the cutlets for
discharging the deionized water (product water) from the
desalting chambers toward the side of the inlets for
introducing the raw water into the desalting chambers. The
silica or boron concentration of the resulting product water

is significantly decreased.

Summary of Invention
It is an object of the present invention to provide an

electrodeionization apparatus and a method for operating an



el ectrodei oni zati on apparatus which can obtain product water having a very
| ow concentration of boron by sufficiently controlling the concentration
di ffusion of boron froma concentrating chanber. It is also an object of
the present invention to provide an el ectrodeionization apparatus and a
met hod for operating an el ectrodei oni zati on apparatus which can obtain
product water having a very |ow concentration of carbonate by sufficiently
controlling the concentration diffusion of anions such as carbonate ions
fromthe concentrating chanber. A methed according to a first aspect of
the present invention is for operating an el ectrodei oni zati on appar at us
which has at |east one concentrating chanber and at |east one desalting
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method for operating an electrodeionization apparatus which

can obtain product water having a very low concentration of

carbonaﬁe by sufficiently controlling the concentration

diffusion of anions such as carbonate ions from the

concentrating chamber.

A method according to a first aspect nf the present
invention is for operating an electrodeionization apparatus
which has at least one concentrating chamber and at least
one desalting chamber isclated by ion-exchange membranes
between an anode and a cathode. Concentrated water is
introduced into the concentrating chamber. Raw water is
introduced into the desalilting chamber as water to be treated
and 1s discharged as product water. The concentrated water
discharged from the concentrating chamber has a boron
concentration of 500 times or less than that in the product
water or of 10 ppb or less.

An electrodeionization apparatus acceording a second
aspect of the present invention has at least one
concentrating chamber and at least one desalting chamber

isolated by ion-exchange membranes between an anode and a




- 4 cathode. Concentrated water is introduced into the concentrating
chanber, and raw water is introduced into the desalting chanber as water
to be treated and is discharged as product water. The concentrated water

di scharged from the concentrating chanber has a boron concentration of 500
times or less than that in the product water or of 10 ppb or less. In the
first and the second aspects, a boron concentration of the concentrated
wat er di scharged fromthe concentrating chanber is reduced in order to
produce product water of high purity,4 Raving a very | ow boron
concentration, for exanple, 0.1 ppb or less. Wien a plurality of the

desal ting chanbers and the concentrating chanbers are provided along a
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concentrating chanber to the desalting chanber can be controlled to reduce
the borathe concentrating chamber has a boron concentration of 500

times or less than that in the product water or of 10 ppb or

less.

In the first and the seccnd aspects, a boron
concentration of.the concentrated water discharged from the
concentrating chamber is reduced in order to produce product
water of high purity, having a very low boron concentration,
for example, 0.1 ppb or less.

When a plurality of the desalting chambers and the
concentrating chambers are provided along a flow direction
of water to be treated, concentfated water discharged from
the concentrating chamber of the downstreammost preferably
has a boron concentration of 500 times or less than that in
product water discharged from the desalting chamber of the
downstreammost or of 10 ppb or less. With this, the boron
concentration gradient from the concentrating chamber toward
the desalting chamber at around the outlet of the
concentrating.chamber is alsc relatively reduced. Therefore,
boron diffusion from the concentrating chamber to the
desalting chamber can be controlled to reduce the boron

concentration in the product water.




concentration in the product water. - 5 In the first and the second
aspects, raw water introduced into the el ectrodeionization apparatus is
.preferably pretreated. In particular, it is desirable to performan RO
treatnment after the renoval of turbidity of raw water such as tap water by
an MF nenbrane and the desalting by activated carbon. Furthernore,
degassing treatnent may be performed. In particular, when a boron
concentration of product water is 0.005 ppb or |ess, two-stage reverse
osnosis (RO is further desirably perfornmed in order to reduce the |oad of
feeding on the el ectrodei oni zati on apparatus (for exanple, to 3 ppb or

| ess). The desalting chanber may be filled with an ion exchanger. The
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exchanger such as ion-exchange resin, activated carbon, or other
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raw water such as tap water by an MF membrane and the
desalting by activated carbon. Furthermore, degassing
treatment may be performed.

In particular, when a boron concentration of product
water is 0.005 ppb or less, two-stage reverse osmosis (RO)
is further desirably performed in order to reduce the load
of feeding on the electrodeionization apparatus (for example,
to 3 ppb or less).

The desalting chamber may be filled with an ion
exchanger.

The electrical resistance of the concentrating chamber
is increased by introducing water of high quality, having a
low electrical conductivity and a high specific resistance,
into the concentrating chamber. As a result, there is a
possibility not to ensure a desirable current value.
Therefore, the concentrating chamber may be also filled with
an ion exchanger such as ilon-exchange resin, activated
carbon, or other electrically conductive material to ensure
necessary current.

In a method for operating an electrodeionization

apparatus according to a third aspect of the present




In a nethod for operating an el ectrodeionizati on apparatus according to a
third aspect of the present - 6 invention, water to be treated is
introduced into the desalting chanber, and concentrated water is
introduced into the concentrating chanber. The concentrated water to be
fed into the concentrating chanber is treated by an anion renoving nmeans
to renove anions therefromso as to have a |ow concentration of anions.
The concentrated water is introduced into the concentrating chanber froma
side near an outlet of the desaltingeéhanber and is discharged froma

side near an inlet of the desalting chanber. An el ectrodeionization
apparatus according to a fourth aspect of the present invention has at
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di schargi ng the concentrated water so that t e concentrate water 1s
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the desalting chanber and is "~ discharged fromthe concentrating chanber
froma stggowiesf mehd etrdiotdendesa tind-Lhaheio frddhefdamses the
low concentration of anions. The concentrated water is
introduced into the concentrating chamber from a side near
an outlet of the desalting chamber and is discharged from a
side near an inlet of the desalting chaﬁber.

An electrodeionization apparatus according to a fourth
aspect of the present inventiocn has at least one
concentrating chamber and at least one desalting chamber
isolated by ion-exchange membranes between an anode and a
cathode. Water to be treated is introduced into the
desalting chamber, and concentrated water is introduced into
the concentrating chamber. The electrodeionization
apparatus is provided with means for introducing and
discharging the concentrated water so that the concentrated
water is introduced into che concentrating chamber from a
side near an outlet of the desalting chamber and is
discharged from the concentrating chamber from & side near
an inlet of the desalting chamber. Furthermore, the
electrodeionization apparatus is provided with a means for
removing anions from the concentrated water that is

introduced into the concentrating chamber.




el ectrodei oni zati on apparatus is provided with a neans for renoving anions
fromthe concentrated water that is introduced into the concentrating
chanber. - 7 In the third and fourth aspects, the concentrated water
supplied to the concentrating chanber has | ow concentrations of anions
such as carbonate in order to produce product water of high purity, having
an extrenely | ow concentration of anions such as carbonate. Wth this, the
ani on concentration gradient fromthe concentrating chanber toward the
desal ting chanber at around the outd & -of the concentrating chanber is
also relatively reduced. Therefore, carbonate diffusion fromthe
concentrating chanber to the desalting chanber is controlled to reduce a
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aspects, simlarly, diffusion caused by the ion concentration gradient
fromthef anions such as carbonate.

With this, the anion concentration gradient from the
concentrating chamber toward the desalting chamber at around
the outlet of the concentrating chamber is also relatively
reduced. Therefcre, carbonate diffusion from the
concentrating chamber to the desalting chamber is controlled

to reduce a carbonate concentration in product water.

In the third and fourth aspects, diffusion caused by
the carbonate ion concentration gradient from the
concentrating chamber toward the desalting chamber is
suppressed by controlling the total inorganic carbonate
concentration of_the concentrated water introduced into the
concentrating chamber to 50 ppb or less. Thus, the
production of product water having an extremely low total
inorganic carbonate concentration can be possible.

In the third and fourth aspects, similarly, diffusion
caused by the ion concentration gradient from the
concentrating chamber toward the desalting chamber is
suppressed by controlling the silica concentration and boron
concentration of the concentrated water introduced into the

concentrating chamber tc 100 ppb or less and 10 ppb or less,




concentrating chanber toward the desalting chanber is suppressed by
controlling the silica concentration and boron concentration of the
concentrated water introduced into the concentrating chanmber to 100 ppb or
| ess and 10 ppb or less, - 8 respectively. Thus, the production of product
wat er having extrenmely low silica and boron concentrations can be

possi ble. A part of the product water that is discharged fromthe

desal ting chanber may be used as the concentrated water in order to
decrease the total inorganic carbonate& concentration, silica concentration,
and boron concentration in the concentrated water that is introduced into
the concentrated water. Furthernore, water to be supplied to the

concent rat ch er be treated b an i oh-exc e unl and an
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decreased. Reverse osnpbsis and degassing are preferabl é as the treatnent
for remydditing chamber may be used as the concentrated water in

order to decrease the total inorganic carbonate

concentration, silica concentration, and boron concentration

in the concentrated water that is introduced into the

conceﬁtrated water. Furthermore, water to be sﬁpplied to

the concentrating chamber may be treated by an ion-exchange

unit and an electrodeicnization unit.

A degassing means such as a degassing membrane unit may
be used for decreasing the total inorganic carbonate
concentration in the concentrated water that is introduced
into the concentrating chamber.

In the third and fourth aspects, raw water may be
introduced into the desalting chamber after the treatment
for removing anions. The anion concentration in the product
water can be further decreased. Reverse osmosis and
degassing are preferable as the treatment for removing
anions. Multistage reverse osmosis and the subsequent

degassing are more preferable.

Brief Description of the Drawings

Fig. 1 is a schematic cross-sectional view of an




anions. Miltistage reverse osnosis and the subsequent degassing are nore
preferable. Brief Description of the Drawings Fig. 1 is a schematic
cross-sectional view of an - 9 el ectrodeionization apparatus according to
an enbodiment. Fig. 2 shows a water introducing channel of the

el ectrodei oni zati on apparatus shown in Fig. 1. Fig. 3 shows a water

i ntroduci ng channel of an el ectrodeionization system accordi ng to anot her
enbodi ment. Fig. 4 shows a water introducing channel of an

el ectrodei oni zati on system accordi ng too-further another enbodinent. Fig. 5
shows a water introducing channel of an el ectrodeionization system
according to another different enbodinent. Fig. 6 shows a water

i nt roducing..channel .of .an _ el ectraqdei oni zatj.on stem accor.ding to an
enbodirmﬁﬁébﬁﬁ%ég%ﬂ9%%9E££Hbfgﬂ§%ﬁﬁ \ﬁQﬁﬁﬁéﬂﬁﬂnaQ(ﬁﬂI%ﬁéﬂ#$WQﬁ}'an

el ect r odei onizzgt i on ;ARRAr At Us. accerding Lo another, . enbodigent, and Fig. 7b
is a water infrodicing channel of ~ the Same? ﬁig.n§ IS a Schematic

Cr 0ss- segtd qnalg i £ K a%ggaqa[tq%eisq{g&gtiirprkiagqpalr_at us according to an
enbodi nent of a third aspect.

Fig. 3 shows a water introducing channel of an
electrodeiconization system according to another embodiment.

Fig. 4 shows a water introducing channel of an
electrodeionization system according to further another
embodiment.

Fig. 5 showsla water introducing channel of an
electrodeionization system according to another different
embodiment.

Fig. 6 shows a water introducing channel of an
electrodeionization system according to an embodiment.

Fig. 7a is a perspective view schematically showing an
electrodeionization apparatus according to another
embodiment, and Fig. 7b is a water introducing channel of
the same. |

Fig. 8 is a schematic cross-sectional view of an
electrodeionization apparatus according to an embodiment of
a third aspect.

Fig. 9 is a water introducing channel of the
electrodeionization apparatus of Fig. 8.

| Fig. 10 is a water introducing channel of an
electrodeionization system according to another embodiment.

Fig. 11 is a water introducing channel of an




Fig. 9 is a water introducing channel of the electrodeionization apparatus
of Fig. 8 Fig. 10 is a water introducing channel of an

el ectrodei oni zati on system accordi ng to anot her enbodinent. Fig. 11 is a
wat er introduci ng channel of an - 10 el ectrodeionization system according
to further another enbodinent. Fig. 12 is a water introducing channel of
an el ectrodeionization system according to another different enbodi nent.
Fig. 13 is a water introducing channel of an el ectrodeionization system
according to an enbodinent. Fig. 14 i @ water introduci ng channel of an
el ectrodei oni zati on system according to an enbodinent. Fig. 15 is a water

i ntroduci ng channel of an el ectrodeionization system according to an
enbodi nent a wat er .introduci channel__of an

el ectr od% ocrﬁr% %?sﬁlorﬂ eSSt r?gcqoor%?{l%ph?o&?ﬂ%ﬁﬁr B4 d Descri pti on
of the é{ {£nbodi ments  Preferred embodi ments of the invention will
now be escrl e |n detail with reference to the acconpanying draw ngs.

Fig. 1is a engblgscro%gtggcghggghu%ﬁgg ok ;a8 1ebectodei oni zati on

appar atus 10" "Showi ng an exa
electrodeionization system according to another different

embodiment.

Fig. 13 is a water introducing channel of an
electrodeionization system according to an embodiment.
Fig. 14 is a water introducing channel of an
electrodeionization system according to an embodiment.
Fig. 15 is a water introducing channel of an
electrodeionization system according to an embodiment.
Fig. 16 is a water introducing channel of an

electrodeionization system according to an embodiment.

Detailed Description cof the Preferred Embodiments

Preferred embodiments of the invention will now be
described in detail with reference to the accompanying
drawings.

Fig. 1 is a schematic cross-sectional view of an
electrodeionization apparatus 10' showing an example
according to first and second aspects. The
electrodeionization apparatus is formed by alternately
arranging a plurality of anion-exchange membranes (A-
membrane) 13 and cation-exchange membranes (C-membrane) 14

between electrodes (ancde 11 and cathede 12) s0 that




according to first and second aspects. The el ectrodeioni zation apparatus is
formed by alternately arranging a plurality of anion-exchange nenbranes
(A- menbrane) 13 and cati on-exchange nmenbranes (C nmenbrane) 14 between

el ectrodes (anode 11 and cathode 12) so that - 11 concentrating chanbers
15 and desalting chanbers 16 are alternately arranged. The desalting
chanbers 16 are filled with a mxture or layers of an ani on exchanger and
a cation exchanger, such as ion-exchange resin, ion-exchange fibers, and
- graft exchanger. The concentrating ehanmbers 15, an anode chanber 17, and
cat hode chanber 18 are also filled with an electrically conductive

mat eri al such as an ion exchanger, activated carbon, or netal. Raw water

mat ¢ as a . . . 0 2 .
iF sohar St A ERaL] 1 R g A S e T e er s

( 2 ( b o duct

ireot| on o TS Oort RS Sny hfnde 0 0 RS 1D

drai ned ,outh of i sustemf romdhe congentrati r&;&t@dlﬁ&&@% ik r%/, in the

el ectrodeioni zation apparatus, the concentrating cha he
desal ti nek@hatder s d&res bt et Slye ard anged o i elise e thders

concentrating chanbers 15 are disposed at the side where the product wat er
I'S and graft exchanger.

The concentrating chambers 15, an anode chamber 17, and
cathode chamber 18 are also filled with an electrically
conductive material such as an ion exchanger, activated
carbon, or metal.

Raw water is introduced into the desalting chambers 16,
and product water is discharged fromlthe desalting chambers
16. A part of the product water is introduced to the
concentrating chambers 15 in a single pass in the direction
opposite to the flow in the desalting chambers 16, and is
drained out of a system from the concentrating chambers 15.
Namely, in the electrodeionization apparatus, the
concentrating chambers 15 and the desalting chambers 16 are
alternately arranged, inlets of the concentrating chambers
15 are disposed at the side where the product water is
discharged from the desalting chambers 16, and outlets of
the concentrating chambers 15 are disposed at the side where
raw water is introduced into the desalting chambers 16. A
part of the product water is supplied to an inlet of the
anode chamber 17. The water discharged from the anode

chamber 17 1s supplied to an inlet of the cathode chamber 18.




di scharged fromthe desalting chanbers 16, and outlets of the
concentrating chanbers 15 are disposed at the side where raw water is
introduced into the desalting chanbers 16. A part of the product water is
supplied to an inlet of the anode chanber 17. The water discharged from
the anode chanber 17 is supplied to an inlet of the cathode chanber 18. -
12 Then, the water is discharged out of the systemas waste water from

t he cat hode chanber 18. As descri bed above, by introducing the product
water into the concentrating chanbers215 in a single pass in the
direction opposite to the flowin the desalting chanbers 16, the
concentration of the concentrated water in the concentrating chanbers 15
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the concentration of the concentrated water in the

-concentrating chambers 15 is the lowest at the side of

outlets for discharging the product water to decrease

influences of concentration diffusion on the desalting

chambers 16; thus, a rate of removal of ions such as boron

is greatly improved.

In this embodiment, since the electrical resistance of
the electrodeiconization apparatus is increased by
introducing the product water into the concentrating
chambers, the concentrating chambers are also filled with a
conductive material such as an ion exchanger. Therefore, it
is unnecessary to decrease the electrical resistance by
adding an electrolyte such as sodium chloride to the
concentrated water.

In the electrodeionization apparatus 10' shown in Fig.
1, the product water is introduced intc the electrodes
chambers 17 and 18 too. Preferably, the electrode chambers
17 and 18 are also filled with an ion exchanger, activated
carbon, or electrically conductive metal in crder to ensure

desired current as in the concentrating chambers 15. This




concentrated water. In the el ectrodeionization apparatus 10' shown in Fig.
1, the product water is introduced into the el ectrodes chanbers 17 and 18
too. Preferably, the electrode chanbers 17 and 18 are also filled with an
i on exchanger, activated carbon, or electrically conductive nmetal in order
to ensure desired current as in the concentrating chanbers 15. This - 13
makes it possible to ensure current necessary for introducing water of
high quality such as ultrapure deionized water. Oxidi zing agents such ‘as
chl orine and ozone are generated ih {he-el ectrode chanbers, in particular,
in the anode chanber. Therefore, activated carbon is better than

i on-exchange resin as the filler on a long-termbase. It is desirable to

suppl y g{gkég(%luno§g¥ ry ontainng substantially no - to the el ectrode
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concentrating chanber
generated in the electrode chambers, in particular, in the
anode chamber. Therefore, activated carbon is better than
ion-exchange resin as the filler on a long-term base. It is
desirable to supply the product water containing
substantially no Cl™ to the electrode chambers as shown in
Fig. 1 in order to avoid occurrence of chlorine and to
stabilize the filler and the electrodes.

Fig. 2 simply shows a water introducing channel into

the desalting chamber and the concentrating chamber of the
electrodeionization apparatus 10' of Fig. 1. As shown in
the drawing, raw water is introduced into the-desalting
chamber 16 to become product water. A part of the product
water is introduced into the concentrating chamber 15, and
is then drained as concentrated waste water. The direction
of the water flow in the concentrating chamber is opposite
(counter) to that in the desalting chambers 16.

It is possible to produce product water having a very
low concentration of boron, for example, 0.1 ppb or less,
and is further possible to produce product water having an
extremely low concentration, 0.05 ppb or less, of boron by

controlling boron content in the waste water to 500 times or




is then drained as concentrated waste water. The direction of the water
flowin the concentrating chanber is opposite (counter) to that in the
desalting chanbers 16. It is possible to produce product water having a
very |ow concentration of boron, for exanple, 0.1 ppb or less, and s
further possible to produce product water having an extrenely |ow
concentration, 0.05 ppb or less, of boron by <controlling boron content in
the waste water to 500 tinmes or - 14 less than that in the product water
or to 10 ppb or less. Fig. 7a is apesspective view schematically show ng
anot her el ectrodei oni zati on apparatus 10'' according to another enbodi nent
of the second aspect Fig 7b shows a water introducing channel of the

appar at S, homm amin t he el ectrqdei.gni zati on aratus 10
has a. st%3 ASEJ‘r Cgﬂft a‘ﬂalteeﬁié%re&;? 316’& éft on- exchange
menbr anes an ni nbranes bet de_11 and a cat hode
12 so that gl onggn ra |ﬁe%% an%éyelglgndsge ﬁﬁ&ﬂg ﬁ% F's™®6 are

al t ernatelot il Al rdaé&%m@%ﬁ %Ctara%)%%aocrusz d'qnahc%%g_lﬁ%g}gf 0' shown in

Fig. wever , e concentratin of t ei oni zati on
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gs. 7a an a partition 15S. The
directi g t@fr e LRENY alrpthyat s fﬂ@”dﬂbéﬂ&us.
As shown in the drawing, the electrodeionization
apparatus 10'' has a structure which is formed by
alternately arranging cation-exchange membranes and anion-
exchénge membranes.between an anode 11 and a cathode 12 so
that a concentrating chamber 15 and desalting chambers 16
are alternately arranged, like the electrodeionization
apparatus 10' shown in Fig. 1. However, the concentrating
chamber 15 of the electrodeionization apparatus 10'' is
divided into two or more concentrated water flowing sections
15a and 15b (two in Figs. 7a and 7b) by a partition 158.
The direction of the concentrated water flow in the
concentrated water flowing sections 15a and 15b crosses the
direction of the water flow in the desalting chambers 16,
unlike the electrodeionization apparatus 10' shown in Fig. 1.
Namely, in Figs. 7a and 7b, the desalting chambers 16
have inlets at the top side and outlets at the bottom side,
and water flows in the desalting chambers 16 from top to
bottom in Fig. 7a.
The partition 158 is provided in the concentrating

chamber 15 so as to spread in a direction crossing the




concentrated water flow ng sections 15a and 15b crosses the direction of
the water flow in the desalting chanbers 16, wunlike the

el ectrodei oni zati on apparatus 10° shown in Fig. 1. Nanely, in Figs. 7a and
7b, the desalting chanbers 16 have inlets at the top side and outlets at
the bottomside, and water flows in the desalting chanbers 16 fromtop to
bottomin Fig. 7a. The partition 15S is provided in the concentrating
chanber 15 so as to spread in a direction crossing the - 15 direction of
the water flowin the desalting chagbgss-16 (two directions are orthogonal
in Fig. 7a, but the term orthogonal direction should not been strictly
interpreted her e. The termorthogonal direction includes an angle range
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section 15b di sposed at a si an outlet for the produc mater A part

of the cif GAHALd NED° to 100°.), and horizontally divides the inside
of the concentrating chamber 15 into two stages in Fig. 7a.
Water flows in each of the concentrated water flowing
sections 15a and 15b from the front side to the rear side in
Fig. 7=a. |

As shown in Fig. 7b, a part of the product water
discharged from the desalting chambers 16 is introduced into
a circulatory system of the concentrated water flowing
section 15b, and a pump circulates the product water in the
concentrated water flowing section 15b disposed at a side of
an outlet for the product water. A part of the circulating
concentrated water of the circulatory system is introduced
into a circulatory system of the concentrated water flowing
section 15a, and a pump circulates the concentrated water in
the concentrated water flowing section 15a disposed at a
side of an inlet for raw water. A part of the circulating
concentrated water of the circulatory system of the
concentrated water flowing section 15a is drained out of the
system.
In the electrodeionization apparatus 10'', the product

water circulates in the concentrated water flowing section




concentrated water of the circulatory systemis introduced into a
circulatory systemof the concentrated water flow ng section 15a, and a
punp circulates the concentrated water in the concentrated water flow ng
section 15a disposed at a side of an inlet for raw water. A part of the
circulating concentrated water of the circulatory system of the
concentrated water flow ng section 15a is drained out of the system In
t he el ectrodei oni zati on apparatus 10'', the product water circulates in
the concentrated water flow ng sections--16 15b di sposed at the side of
the outlet for the product water, then enters the concentrated water
flowi ng section 15a disposed at the side of the inlet for raw water and

ireul inJ d..i st hep. drai h Lt, th
Concont rated i €1 NelOEh 1 o ehauCiak Tof EAE BurErTr BFCERE
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the partitions into three or nore concentrated water flow ng sections.
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.0f the outlet for the product water toward the inlet for raw

water, and then a part of the concentrated water is drained

out of the system. Therefore, the electrodeionization

apparatus 10'' also exhibits the effects similar to those in

the case of introducing water into the desalting chambers in

a single pass as shown in Fig. 1.

The concentrating chamber may be divided by the
partitions into three or more concentrated water flowing
sections. Preferably, the concentrating chamber is divided
into two or three concentrated water flowing sections from
the viewpoints of an increase in the number of members by
increasing the number of the partitions and an increase in
complexity of the apparatus composition.

In the electrodeionization apparatus 10'' as shown in
Figs. 7a and 7b, it is also possible to produce product
water having a very low concentration of boron, for example,
0.1 ppb or less, and is further possible to produce producf
water having an extremely low concentration of boron, 0.05
ppb or less, by controlling boron content in tﬁe

concentrated waste water drained from the concentrated water




into two or three concentrated water flow ng sections from the viewpoints
of an increase in the nunber of nenbers by increasing the nunber of the
partitions and an increase in conplexity of the apparatus conposition. In
t he el ectrodei oni zati on apparatus 1011 as shown in Figs. 7a and 7b, it is
al so possible to produce product water having a very |ow concentration of
boron, for exanple, 0.1 ppb or less, and is further possible to produce
product water having an extrenely | ow concentration of boron, 0.05 ppb or
| ess, by controlling boron content +ni1the concentrated waste water drained
fromthe concentrated water - 17 flow ng section 15b to 500 tinmes or |less
than that in the product mater or to 10 ppb or Iess. is possible to

surely €. pro a _very .l ow caonce tlon f boron such

as the a ovech X ({f pOSSI q]gu’tnbe oPlLiLce’éss‘pqC nctt\/%
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electrodelonlzatlo systens provi ctrodei oni zati on agpgratuses
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a second €l ectrodei oni zation apparatus 2 are serially connected to
further possible to produce product water at an ultra-low
concentration of 0.005 ppb or less by deionizing raw water
in a multistage manner with the electrodeionization
apparatuses installed in a multistage manner.

Figs. 3 to 6 show water introducing channels of
electrodeionization systems provided with
electrodeionization apparatuses in a multistage manner so
that a first electrodeionization apparatus 1 and a second
electrodeionization apparatus 2 are serially connected to
each other. The apparatuses 1 and 2 may be eilther of the
electrodeionization apparatus 10' or the electrodeionization
apparatus 10'"'.

In the electrodeionization system shown in Fig. 3, raw
water having a boron concentration of 3 ppb is introduced
into a desalting chamber 16A of the first
eleqtrodeionization apparatus 1, and becomes first product
water having a boron concentration of 0.1 ppb. This first
product water is introduced into both a desalting chamber
1eB and a concentrating chamber 15B of the second
electrodeicnization apparatus 2. The direction of the

concentrated water flow in concentrating chambers 154 and




each other. The apparatuses 1 and 2 nmay be either of the

el ectrodei oni zati on apparatus 10' or the el ectrodeionization apparatus
10'". In the electrodeionization systemshowm in Fig. 3, raw water having
a boron concentration of 3 ppb is introduced into a desalting chanber 16A
of the first el ectrodeionization apparatus 1, and becones first product

wat er having a boron concentration of 0.1 ppb. This first product water is
i ntroduced into both a desalting chanber 16B and a concentrating chanber
15B of the second el ectrodeioni zatienigpparatus 2. The direction of the
concentrated water flow in concentrating chanbers 15A and - 18 15B is
parallel to the direction of the flowin the desalting chanbers 16A and

16B. Se t er vi ng, a._bor concentratlon of
T A O

0.01 ppb 'S dISC arged I Nng chanber shcentrated wat er

di schar geds £1:0Mm 4 he, goncents @t i gy chanber foddigicsaaand.
electrodelonlzaf%on apparatdggfnﬁag'a1(w§%§§%% concentratlon of 1 ppb. A

part of the gancepttated wat d%oﬂp%d&%ﬁ&ﬁh% DSt Pfot b is
concentrating chanber 15B to be «circulated, and the remaining part of the

concent rf @chawjed fidm 18 RGN fhg addadhd 0 TaW Watceftonpani rated waste
wat er di scharged fromthe concentratlng chanber 15A of the first
el ectrodeitont ziddarged from the concentrating chamber 15B of the
second electrodeionization apparatus 2 has a low boron
concentration of 1 ppb. A part of the concentrated water is
supplied to an inlet of the concentrating chamber 15B to be
circulated, and the remaining part of the concentrated water
is, for example, added to raw water.

Concentrated waste water discharged frcm the
concentrating chamber 15A of the first electrocdeiconization
apparatus 1 has a high boron concentration of 30 ppb. A
part of the concentrated waste water is sent tc an inlet of
the concentrating chamber 15A, and the remaining part of the
concentrated water is drained as concentrated waste water.

In the electrodeionization system shown in Fig. 4, all
the first product water having a boron concentration of 0.1
ppb is introduced into the desalting chamber 16B of the
second electrodeionization apparatus 2 from the desalting
chamber 16A of the first electrodeionization apparatus 1,
and becomes second product water having a boron
concentration of 0.005 ppb or less. A part of the second
product water is introduced into the concentrating chamber

15B to flow in the opposite direction manner. Second




apparatus 1 has a high boron concentration of 30 ppb. A part of the
concentrated waste water is sent to an inlet of the concentrating chanber
15A, and the renmmining part of the concentrated water is drained as
concentrated waste water. In the el ectrodeionization system shown in Fig.

4, all the first product water having a boron concentration of 0.1 ppb is
introduced into the desalting chanber 16B of the second

el ectrodei oni zati on apparatus 2 fromthe desalting chanber 16A of the
first el ectrodeionization apparatus-112 and becones second product water
having a boron concentration of 0.005 ppb or less. A part of the second
product water is introduced into the concentrating chanber 15B to flow in

t he oppq;%ntceencgrraec%td %%nn%rvln%e%o ccon enttrl%t ed f\é\ﬂ{ Ipé)t haV| ng a

boron concentration of I SC arge e “Conc |ng chanber

158 and d$cif g ecﬁm%hea%g%%e?ﬂ AN @t&{a e #an vl o | i oduced 1 nto

the concentrati ng ect I’O ei oni Zat'i on apparatus 1

flows inxdbie Haralde] H a6t e dmnner, and becones first concentrated
wat er having a boron concentration of 30 ppb to be drained. In the

el ectrodei onirpat gl S¥ELeMisROWAUCRIFEALtcOthdl bonkReth-awiwat ehafbaws in the
desal ti ng chanber 16A and the desalting chanber 16B of thé apparatus 1 in
this ord®ya &dhe first electrodeionization apparatus 1 flows in

the parallel direction manner, and becomes first

concentrated water having a boron concentration of 30 ppb to

be drained.

In the electrodeionization system shown in Fig. 5, all
the raw water flows in the desalting chamber 16A and the
desalting chamber 16B of the apparatus 1 in this order, and
becomes second product water having a boron concentration of
0.005 ppb or less. The boron concentration of first product
water discharged from the desalting chamber 16A is 0.05 ppb.
A part of the second product water discharged from the
desalting chamber 16B is introduced into the concentrating

- chamber 15B and then into the concentrating chamber 15A in
the directicn opposite to the flow in the desalting chambers,
and then is drained as concentrated waste water with 15 ppb
boron. The boron concentration of first concentrated water
discharged from the concentrating chamber 15B is 0.25 ppb.

In the electrodeionization system shown in Fig. 6, all
the raw water is supplied to the desalting chamber 16A, and
becomes first product water having a boron concentration of

0.02 ppb. A part of the first product water is introduced




beconmes second product water having a boron concentration of 0.005 ppb or
| ess. The boron concentration of first product water discharged fromthe
desalting chanber 16A is 0.05 ppb. A part of the second product water

di scharged fromthe desalting chanber 16B is introduced into the
concentrating chanber 15B and then into the concentrating chanber 15A in
the direction opposite to the flowin the desalting chanbers, and then is
drai ned as concentrated waste water with 15 ppb boron. The boron
concentration of first concentrated-waper discharged fromthe
concentrating chanber 15B is 0.25 ppb. In the el ectrodeionization system
showmn in Fig. 6, all the raw water is supplied to the desal ti ng chanber
16A, and, becqges first roduct mater havi ng a boron concentration of 0.02

ppb. A pdHt® o' HEPFTFE aptrﬂd‘cm& PRYr 12 i1 rdfudelP PFeqthitd t he
concentr at 15 n the flow directio 05|t to e flowin
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second concentrated water wth O cond
having a boron concentration of 0.005 ppb or less. A part

of the second product water is introduced into the
concentrating chamber 15B in the flow direction opposite to
the flow in the desalting chamber, and then is discharged as
second concentrated water with 0.2 ppb boron. The second
concentrated water is, for example, added to raw water.

With reference to Figs. 3 to 6, in the
electrodeionization apparatuses installed in a multistage
manner, when the desalting chamber of the first
electrodeiqnization apparatus 1 has a thickness of 7 mm or
more, in particular, 8 to 30 mm, and the desalting chamber
of the second electrodeionization apparatus 2 has a
thickness of less than 7 mm, in particular, 2 to 5 mm; weak
electrolytes, such as silica and boron, and high-hardness
components are removed in the first electrodeionization
apparatus 1, and silica and boron are further removed in the
second electrodeionization apparatus 2. Since the second
electrodeionization apparatus 2 removes alkaline materials
that are leaked from the-first electrodeionization apparatus

1l of the previous stage, the treated water having a high




concentrated water is, for exanple, added to raw water. Wth reference to
Figs. 3to 6, inthe electrodeionization apparatuses installed in a
nmul ti stage rmanner, when the desalting chanber of the first

el ectrodei oni zati on apparatus 1 has a thickness of 7 mmor nore, in
particular, 8 to 30 mm and the desalting chanber of the second

el ectrodei oni zati on apparatus 2 has a thickness of less than 7 mm in
particular, 2 to 5 mm weak electrolytes, such as silica and boron, and
hi gh- har dness conponents are renovedzin-the first el ectrodeionization
apparatus 1, and silica and boron are further renoved in the second

el ectrodei oni zati on apparatus 2. Since the second el ectrodeionization
apparatus_ 2 renoves  al kal i ne theriaIs that are | eaked fromthe first

el ect r ot 'Fﬁﬂq%ﬂ1gﬁné§2ﬁﬁﬁ? "1 of the previous stage, the treated water
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the first electy i ckness of 7 mm or
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concentrations I n the concentrat ng chanbers si des of

outlets pfcthesdesal ing chabersang dad£asedPlas silica and

boron, and high-hardness components are effectively removed.

In the above-mentioned embodiments, boron
concentrations in the concentrating chambers disposed at the
sides of outlets of the desalting chambers are decreased by
supplying product water to the concentrating chambers.
Boron-removed water may be supplied to the concentrating
chambers, instead of the product water or in combination
with the product water.

Boron can be removed by either a method using ion-
exXchange resin or boron-adsorbing resin or a method using a
reverse osmosis membrane,

As described above, the electrodeiocnization apparatus
and the method for operating the same according to the first
and second aspects can surely produce product water having
an extremely low concentration of boron.

Fig. 8 is a schematic cross-sectional view of an
electrodeionization apparatus 10 according to an embodiment
of the third aspect ¢f the present invention. The
electrodeionization apparatus 10 is formed by alternately

arranging a plurality of anicn-exchange membranes (A-




suppl ying product water to the concentrating chanbers. Boron-renoved water
may be supplied to the concentrating chanbers, instead of the product
water or in conbination wth the product water. Boron can be renoved by
either a method using ion- exchange resin or boron-adsorbing resin or a

met hod using a reverse osnbsis nmenbrane. As described above, the

el ectrodei oni zati on apparatus and the nethod for operating the sane
according to the first and second aspects can surely produce product water
having an extrenely |ow concentrat+orzof boron. Fig. 8 is a schematic
cross-sectional view of an el ectrodeionization apparatus 10 according to
an enbodi nent of the third aspect of the present invention. The

el ectrodei gni_zat,i apparatus 10 is fornmed al t er nat el arrangi ng a
ol ural | €351 A ort-ex AT DY oA Tonbs St o sig 14
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m xture or |ayers of” an anion exchanger and a ‘cation exchanger, such as
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concentrating chanbers 15, an anode chanber
with a mixture or layers of an anion exchanger and a cation
exchanger, such as lon-exchange resin, ion-exchange fibers,
and graft exchanger.

The concentrating chambers 15, an anode chamber 17, and
a cathode chamber 18 are also filled with an electrically
conductive material such as an ion exchanger, activated
carbon, or metal.

Water to be treated is introduced into the desalting
chambers 16, and product water is discharged from the
desalting chambers 16. A part of the water to be treated is
sent to an-anion—removing means 9, and anions in the water
are removed., The water treated by the anion-~removing means
9 is introduced into the concentrating chambers 15 in a
single pass in the direction opposite to the flow in the
desalting chambers 16, and is then drained out of a system
from the concentrating chambers 15. In this
electrodeionization apparatus, the concentrating chambers 15
and the desalting chambers 16 are alternately arranged in
parallel to each other. Inlets of the concenirating

chambers 15 are provided at a side of outlets for

discharging product water from the desalting chambers 16,




a cat hode chanber 18 are also filled with an electrically conductive

mat eri al such as an ion exchanger, activated carbon, or netal. Water to be
treated is introduced into the desalting chanbers 16, and product water is
di scharged fromthe desalting chanbers 16. A part of the water to be
treated is sent to an anion-renoving nmeans 9, and anions in the water are
renoved. The water treated by the anion-renoving neans 9 is introduced
into the concentrating chanbers 15 in a single pass in the direction
opposite to the flowin the desalt+ngschanbers 16, and is then drai ned out
of a system fromthe concentrating chanbers 15. In this

el ectrodei oni zati on apparatus, the concentrating chanbers 15 and the

desal ti ahers re altern . arran din aral l el t.o e ch ot her.
Inlets o Cfh%ergc?toncen Cmche %orers }r ﬁrrosvilé’ptfre‘t PI4 v|léfleda fout | et's
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concentrated water 1s nt roduc into tHe concentrating c Janbers 15 from

the si de piafoditePut]ed Stl'fg dhAasaltifg Shae's 1§ ie.dindele Side in Fig.

8) and is discharged fromthe side of the inlets of the desalting chanbers

(the upper Wdedtidtig.oB)the desalting chambers (the under side in
Fig. 8) and is discharged from the side of the inlets of the
desalting chambers (the upper side in Fig. 8).

A part of the water discharged from the anion-removing
means 9 is supplied to an inlet of the anocde chamber 17.
The water discharged from the anode chamber 17 is supplied
to an inlet of the cathode chamber 18. Then, the water
discharged from the cathode chamber 18 is drained out of the
system as waste water. Water to be treated may be supplied
to the inlet of the anode chamber 17 instead of the water
discharged from the anion-removing means.
As described above, by introducing the water treated by

the anion-removing means intc the concentrating chambers 15
in a single pass in the direction opposite to the flow in
the desalting chambers 16, the concentration of the
concentrated water in the concentrating chambers 15 is the
lowest at the side for discharging the product water. As a
result, influences of concentration diffusion on the
desalting chambers 16 are decreased. Thus, rates of removal
of weak anions, such as carbonate, silica, and boron, in

addition to strong anions can be greatly improved. With




A part of the water discharged fromthe anion-renoving neans 9 is supplied
to an inlet of the anode chanber 17. The water discharged fromthe anode
chanber 17 is supplied to an inlet of the cathode chanber 18. Then, the
wat er discharged fromthe cathode chanber 18 is drained out of the system
as waste water. Water to be treated may be supplied to the inlet of the
anode chanber 17 instead of the water discharged fromthe anion-renoving
means. As described above, by introducing the water treated by the

ani on-renovi ng nmeans into the concentpgating chanbers 15 in a single pass
in the direction opposite to the flowin the desalting chanbers 16, the
concentration of the concentrated water in the concentrating chanbers 15

is the Iamest at, the side for discharging the product water., As a result,
| nf 1 uencdl for ks %J&@%%@%ﬂ%ﬁh EvTS 36 aro
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electrodeionization apparatus i1s high, the concentrating
chamber is filled with a conductive material such as an ion
exchanger. Therefore, it is unnecessary to decrease the
electrical resistancé of the concentrated water by adding an
electrolyte such as sodium chloride. Preferably, the
electrode chambers 17 and 18 are also filled with an ion
exchanger, activated carbon, or electricaliy conductive
metal in order to ensure desired current. This makes it
possible to ensure current necessary for introducing water
with high guality, such as ultrapure deionized water.

Oxidizing agents such as chlorine and ozone are

generated in the electrode chambers, in pérticular, in the
anode chamber. Therefore, activated carbon is better than
ion-exchange resin as the filler on a long-term basis. It
is desirable to supply the product water to the electrode
chaﬁbers as shown in Fig. 8. Since the product water
scarcely contains Cl7, no chlorine is generated and the
filler and the electrodes are stable over a long period of

time.

Fig. 9 simply shows a water introducing channel into




chanmber is filled with a conductive material such as an ion exchanger.
Therefore, it is unnecessary to decrease the electrical resistance of the
concentrated water by adding an electrolyte such as sodi um chl ori de.
Preferably, the electrode chanbers 17 and 18 are also filled with an ion
exchanger, activated carbon, or electrically conductive netal in order to
ensure desired current. This nakes it possible to ensure current necessary
for introducing water wth high quality, such as ultrapure deionized

wat er. oxi di zi ng agents such as chlergpe-and ozone are generated in the
el ectrode chanbers, in particular, in the anode chanber. Therefore,
activated carbon is better than ion-exchange resin as the filler on a

| ong-term basis., it _is desirable to supply the prodyct water_tq the

el ectr odterﬁe cieasrﬁ)letr%ngascshs T ia}{lcgit&e éj.cpr%i%&teral br ej?/vao[fert%escar cely
cont & N e dt SLOHNG] Sasmaaled A NG T & a0 {068l ect rodes
are stable over & ONhQg periog o Ime.” Figi™ 9 S|nﬁ7y shows ‘a wat er

|t r oducig, Ghannele N1, 25 cdheglesal Ling ghanber, ad dhe concent rating
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chanber o ectrodei oni zat1 on apparatus o i'g. 8. As shown in the

drawi ng, g BFidd Beaddeates 45 pdhsRdycadyidt q,dhe, desal fing chamrher 16 to
becone product water. A part of the water to be treated’is treated for
renovi NngrAd ONso Bk tSated is treated for removing anions, and is

then introduced into the concentrating chamber 15. The

water introduced into the concentrating chamber 15 is then

drained as concentrated waste water. The direction of the

water flow in the concentrating chamber is opposite

(counter) to that in the desalting chambers 16..

With the anion-removing means 9, the total inorganic.
carbonate concentration is controlled to 50 ppb or less,
preferably, to 30 ppb or less. As a result, the total
inorganic carbonate concentration in the product water is
extremely decreased. Furthermore, with the anion-removing
means 9, silica concentration is controlled to 100 ppb or
less, preferably, to 80 ppb or léss, and boron concentration
is controlled to 10 ppb or less, preferably, to 8 ppb or
less. As a result, the siliéa concentration and the borcn
concentration in the product water are extremely decreased.

Examples of the anion-removing means 9 include
degassers such as degassing membranes, decarbonation columns,
and vacuum degassing cclumns; reverse o0smosis membrane
separation units; electrodialysers; lon-exchange units such

as lon-exchange resin columns including anion exchangers;




then introduced into the concentrating chanber 15. The water introduced
into the concentrating chanber 15 is then drained as concentrated waste
water. The direction of the water flowin the concentrating chanber is
opposite (counter) to that in the desalting chanbers 16. Wth the

ani on-renoving neans 9, the total inorganic carbonate concentration is
controlled to 50 ppb or less, preferably, to 30 ppb or less. As a result,
the total inorganic carbonate concentration in the product water is
extrenely decreased. Furthernore, wthgthe anion-renoving neans 9, silica
concentration is controlled to 100 ppb or |less, preferably, to 80 ppb or

| ess, and boron concentration is controlled to 10 ppb or less, preferably,
to 8 pph | ess . a.re uIt th silica concentration and the boron
concentFﬁF{§HQQ1ﬁ e K ‘e extrenely decreased. Exanples of the

ani on- FEHDVI&% n%a%%s%ra%i u%%rd% as%gé%é?%§%8%%5%ﬁ assi ngpggnbranes,

decar bonati on colunns vacuu osnosSi s

_rrenbranqjer%a%%alr 'é\fch% cl 35aa§sylsn e&cr}jange units such as

i on- exchange resl n colums | ncl udi ng ani o exc angers - 26 and

el ectrodfé@awd?}{amryra&&mdt dis adegae%gis}&s fanéggog ‘%{BDVdJl%n&F‘r bopate to

i ncl ude degassi ng neans such as a ‘decar bonat i on
col um, O3 MAUM JeUASS N FAMBYadd) unit for performlng a

vacuum suction (for example, 20 Torr or more), a sweeping
with nitrogen, or a combination thereof is superior in
efficiency of removing carbonate.

Fig. iO shows an example of a channel when an
electrodeionization unit 8 is used as the anion-removing
means 9. The electrodeionization unit 8 is formed by
arranging an anion membrane 8a and a cation membrane 8c
between an anode and a cathode so that a desalting chamber
8D and concentrating chambers B8A and 8B are formed. Water
to be treated is introduced into chambers 8A, 8B, and 8D to
flow parallel to each other. Desalted water from the
desalting chamber 8D and concentrated water from the
concentrating chamber 8B are supplied to the concentrating
water 15 of the electrodeionization apparatus 10 at a side
of an outlet of the desalting chamber, and are then
discharged from a side of an inlet of the desalting chamber.
The electrodeionization unit 8 is provided with the
concentrating chamber 8A disposed at a side of the anion
membrane 8a of the desalting chamber 8D and the

concentrating chamber 8B disposed at a side of cation




particul ar, a degassing-nmenbrane unit for performng a vacuum suction (for
exanple, 20 Torr or nore), a sweeping wth nitrogen, or a conbination
thereof is superior in efficiency of renoving carbonate. Fig. 10 shows an
exanpl e of a channel when an el ectrodeionization unit 8 is used as the

ani on-renoving neans 9. The el ectrodeionization unit 8 is forned by
arrangi ng an ani on nenbrane 8a and a cation nenbrane 8c between an anode
and a cathode so that a desalting chanber 8D and concentrating chanbers 8A
and 8B are formed. Water to be treated is introduced into chanbers 8A, 8B
and 8D to flow parallel to each other. Desalted water fromthe desalting
chanber 8D and concentrated water fromthe concentrating chanber 8B are

supplied(g t he nceg;nratir}%1 ten}%f of, the el ectradei oni zation
appar at J€Y 3° £ %i d& ot B BUN FTHEHSHRT T ‘Chaer, and are then

di schar g%.%gk{a%j]ﬂe% Siindceo QCf ancénnczle%{trogtd%zgget%eaisr?a]bgetri % chanber . The

el ectrodeioni Zation unit IS provi codcéﬁ}rating chanber 8A

and Che TR B 1 OARber Th T paeier L o Sl Tor T [, HRE7er 0
g chanber I sposed at” a 'side of cation 7
menbr ane,dita1 QY % LACIUIALEL AUON CAPULM G AT A edd ntp the
concentrating chamber 8A, and concentrated cations fromt concentrating
chamber @& aithcentrating chamber 15 of the electrodeionization

apparatus 10. In such a manner, the electrodeionization

unit 8 removes and decreases anion components only.

In the present invention, anion-removed water may be
supplied to the desalting chamber as the water to be treated.
With this, since anion load on the desalting chamber is
decreased, the weak anion concentration in the product water
can be further decreased. Degassing treatment and reverse
osmosis treatment are preferable for removing these anions.
Adsorptive removal of organic components by activated carbon
and ionization of chlorine are also preferable.

When carbonate ions are removed from the water to be
introduced into the desalting chamber by anion-removing
treatment, a degassing means (in particular, a membrane
degassing unit) is most preferably used as a means for
removing anions. A ?art of the degassed water is preferably
recirculated from the inlet of the degassing unit so that
the efficiency of removing carbonate is increased.

In the degassing treatment for removing carbonate, the

efficiency of removing carbonate is desirably increased by

controlling the introduced water to be acidic, preferably,




desalted water fromthe desalting chanber 8D are supplied to the
concentrating chanber 15 of the el ectrodeionization apparatus 10. In such
a manner, the el ectrodeionization wunit 8 renoves and decreases anion
conponents only. In the present invention, anion-renoved water my be
supplied to the desalting chanber as the water to be treated. Wth this,
since anion |load on the desalting chanber is decreased, the weak anion
concentration in the product water can be further decreased. Degassing
treatment and reverse osnpsis treatnemt-are preferable for renoving these
anions. Adsorptive renoval of organic conponents by activated carbon and
i oni zation of chlorine are al so preferable When carbonate ions are renoved

f h d d to t | ti h b
a;lloz)nnt rgtrmwaﬁrgje ta?rpggt ntlent roa%ggga!sgl ??& x %?l nlagg)ﬁtcio erto §'rrenbr ane
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part of the egasse ter I's preferably recirculat inlet of the
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In the gassing treatnent’ for rempving carbonate ef f1clency of
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water to be acidic, preferably, - to have a pH of to 6, nore
pref er ably i A < thd @f&lcﬂéhdwe;@%ﬂ&h@ dgrkgﬁfaﬁ@ th a vacuum punp

. through a _

In the reverse osmosis treatment (RO treatment) of raw
water, it is desirable to sufficiently decrease the weak
anion components such as carbonate, silica, and boron by
conducting multistage treatment, for example, two—stége
treatment.

In this case, the efficiency of removing the weak anion
components is improved by using aikaline water (a pH of 8 to
10) to the RO of a first and/or a second stage.

The alkalinity may be produced by using an
electrodeionization unit including a desalting chamber
having a thickness of 7 mm or more (preferably 15 mm) and
being filled with an ion exchénger of a mixture cof anions
and cations, as disclosed in Japanese Unexamined Patent
Application Publication No. 2001-113281. This can not only
produce the alkalinity, but also reduce the weak anion
compeonents. Such electrodeionization unit is desirably
disposed between the RO units of the first and the second
stages.

The pretreatment including the two-stage RO treatment

and degassing treatment is particulariy preferable to obtain




degassing nenbrane, it is desirable to control the degree of vacuumat 50
Torr or less, nore preferably, 20 Torr or less to increase the efficiency
of renoving carbonate. In the reverse osnosis treatnment (RO treatnent) of
raw water, it is desirable to sufficiently decrease the weak anion
conponents such as carbonate, silica, and boron by "conducting nultistage
treatnent, for exanple, two-stage treatnent. In this case, the efficiency
of renoving the weak anion conponents is inproved by using al kaline water
(a pHof 8 to 10) to the RO of a firzy and/or a second stage. The

al kalinity may be produced by using an el ectrodeionization unit including
a desalting chanber having a thickness of 7 mMmor nore (preferably 15 mm
and Dbei rlgcfilled vvitth an. i on exchanger . of aigxt e of _ani.ons and
cations,”as discl oSES T P aPEEEE Uh R Patrento” AFHECEYT on

Publ i cati.on. Ny 2004 13281 Tis. € Dol anly, roducg Lhe,cal kgl ipi ty, but
al so reduce e "Weak anion ® donponents. Such 1Tect rodei‘orf zatien Unit s
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st ages. e pretreatnent 1nc ng the two-stag tTedt ment ~ and
degassi ngytdeatdmidn d S @t igulardos RS eablg do obtain - 29 ultrapure
251 ,
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wat er of extrenely high purity, for exanple,
Figs. 4 to 7 show configuration examples in which the

above-mentioned pretreatment unit is located anterior to the
eiectrodeionization apparatus 10.

With reference to Fig. 11, raw water is degassed by a
degassing membrane unit 101 as a pretreatment unit, and is
then sent to the electrodeionization apparatus 10 as the
water to be treated. A part of the water treated by the
degassing membrane unit 101 is resent to the upstream side
of the unit 101 and is repeatedly treated.

With reference to Fig. 12, raw water is introduced to
pretreatment, i.e. into an activated carbon adsorption
column 102 and two-stage RO units 103, and is then used as
the water to be treated.

With reference to Fig. 13, raw water is treated with an
activated carbon adsorption column 102, a first RO unit 103,
an electrodeionization unit 104, and a second RO unit 103;
and is sent to the electrodelonization apparatus 10 as the
water to be treated. The electrodeionization unit 104 may
be an electrodeionization apparatus, for example, disclosed
in Japanese Unexamined Patent Application Publication No.

2001-113281, but is not limited to.




treated water having a specific resistance of 18.2 M52 cmor nore, a
silica concentration of 0.05 ppb or less, and a boron concentration of

0. 005 ppb or less. Figs. 4 to 7 show configuration exanples in which the
above-nentioned pretreatnment unit is |located anterior to the

el ectrodei oni zati on apparatus 10. Wth reference to Fig. 11, raw water is
degassed by a degassing nenbrane unit 101 as a pretreatnent unit, and is
then sent to the el ectrodeionization apparatus 10 as the water to be
treated. A part of the water treated By the degassing nmenbrane unit 101 is
resent to the upstreamside of the unit 101 and is repeatedly treated.
Wth reference to Fig. 12, raw water is |ntroduced to pretreatnment, i.

e.
into an acti vat bon adsor pt.i on ., col um 1 and two- unlts 103
and i then JEE afretrﬁ@%ﬁat A e e &F&%ﬁ%%@% 2
raw wat e t W fjivat car dsor tlon 102, a
first 13\{&{1%(% & a}:ﬁorgel ec Or ell%rhi%% oh u It r3“_1"64 an%ea second's RO uni t

103;  anfh t tc?ec%é.'sgsel e %é%&&é"&?ﬂl%f‘ppﬂ%‘tﬁ 919 éljﬁ? gater to

be treate é?ect i'zation unit e an e rodelonlzatlon

e R e
treated,.

In the present invention, the means for removing anions
from concentrated water supplied to the concentrating
chamber may be the electrodeionization apparatus 10 itself.
Namely, as shown in Fig. 15, all the water to be treated may
be introduced into the desalting chamber 16 of the
electrodeionization apparatus 10, and a part of product
water may be introduced into the concentrating chambers 15
from a side of the outlet of the desalting chamber toward a
side of the inlet of the desalting chamber.

In the present invention, the electrodeionization
apparatuses 10 may be installed in a multistage manner, and
raw water may be deionized in a multistage manner.

Fig. 16 is a water introducing channel of an
electrodeionization system including electrodeionization
apparatuses 10A and 10B having the same structure as that of
the electrodeionization apparatus 10 in a multistage manner.
The first electrodeionization apparatus iOA and the second
electrodeionization apparatus 10B are serially connected to

each other.

In the electrodeionization system of Fig. 16, water to



Wth reference to Fig. 14, raw water is treated with an activated carbon
adsorption colum 102, two-stage RO units 103, and a degassi ng nenbrane
unit 101; and is then sent to the el ectrodeionization apparatus 10 as the
water to be treated. In the present invention, the neans for renoving
anions fromconcentrated water supplied to the concentrating chanber may
be the el ectrodeioni zati on apparatus 10 itself. Nanmely, as shown in Fig.
15, all the water to be treated may be introduced into the desalting
chanber 16 of the el ectrodeionizatiom apparatus 10, and a part of product
wat er may be introduced into the concentrating chanbers 15 from a side of
the outlet of the desalting chanber toward a side of the inlet of the

desal ti qpa er .In.gﬂgFg{ese t, i.nventj on, Lh%hgﬁﬁﬁégodﬁgpqﬁéaiion
appar at USes- 1 e i Yt i GG st dge € ter may
be dei onﬁ'izredcrie e%t”uolzc%i St agzg nanner . FI{F%. 16qu S .a ‘é‘éat er i%t.roS uci ng channel
of an el'ectT ousi oni zati Ei):s]t Ematd 'Unsg BT SEEDBI 4G
appar at yses; 10A and. 108 favd '%Jler,};s% Gt e as thaty ofo g 4he o
el ectrodei oni zat |1 on appar at'us ima nmultistage nanner. e first
el ectrodei gni zaty &Eé‘}ﬁ&t USp el Q4 té&&?‘qﬁoél%]cte}oﬁ%* el anigation
apparatus‘%%% aréﬁgerla y connected to each other. ﬁ't e
el ectrodgionizatd omsystem of1 & %1 dbe W &f t@ncentrated water in
concentrating chambers 15A and 15B is opposite to the flow
direction in the desalting chambers 16A and 16B. Second
product water (product water) i1s discharged from the
desalting chamber 16B, and a part of thé second product
water i1s supplied to the concentrating chamber 15B. The
concentrated water discharged from the concentrating chamber
15B of the second electirodeionization apparatus 2 has a low
anion concentration, and is supplied to the concentrating
chamber 154,

Water discharged from the concentrating chamber 15A of
the first electrodeionization apparatus 1 is drained as
concentrated waste water.

In the third and fourth aspects of the present
invention, preferably, the desalting chamber has a thickness
of 2 to 7 mm, and a flow velocity is 60 to 120 m/h in the
terms of LV and 100 to 200 /h in the terms of 8V.

Preferably, the concentrating chamber has a thickness of 2
to 7 mm, and a flow velocity is 10 to 30 m/h in the terms of

LV and 25 to 50 /h in the terms of SV. Preferably, both the

desalting chamber and the concentrating chamber are filled




- 31 be treated is introduced into a desalting chanber 16 of the first

el ectrodei oni zati on apparatus 10A to becone first product water. This
first product water is introduced into a desalting chanber 16B of the
second el ectrodei oni zati on apparatus 10B. The flow direction of
concentrated water in concentrating chanbers 15A and 15B is opposite to
the flow direction in the desalting chanbers 16A and 16B. Second product
wat er (product water) is discharged fromthe desalting chanber 16B, and a
part of the second product water is gppplied to the concentrating chamnber
15B. The concentrated water discharged fromthe concentrating chanber 15B
of the second el ectrodeioni zati on apparatus 2 has a | ow anion

concentration, and is supplied to the concentrati.n chanber A. Water
di schar dEdH i e COTCHRTEr i 17y RGO A5A B0 thevrrrde o

el ectrodei.oni zati on apparat us is drained as . concentrated waste ter. In
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Pr ef er ably,ddie jpé)r}g@r_rlt]_r%éi'r#ﬁll L el has ailﬁﬂtf%ﬁt}é;f 2 to7 mm and a

flow velocity 1s 10 to 3 e terns o 5to 50 /hin the
terms ofcoed¥eftef@bl dhakd:h dMeh a circulation pump, but the

concentrating chamber desirably runs with the water in a
single pass.

As shown in Fig. 16, when water is serially introduced
into a plurality of desalting chambers, in particular, the
desalting chamber at the last stage preferably has a
thickness of 2 to 7 mm, and a flow velocity is preferably 60
to 120 m/h in the terms of LV and 100 to 200 /h in the terms
of 8V.

As mentioned above, the electrodeionization apparatus
and the method for operating the apparatus according to the
present invention can surely produce product water having
extremely low concentrations of anions, in particular, of

total inorganic carbonate.



desal ting chanber and the concentrating chanber are filled - 32 wth an

i on exchanger, in particular, with a m xture of anions and cations; and
are operated at a current density of 300 to 700 mA/dnR2. Water supplied to
the concentrating chanber is not recirculated to the inlet of the
concentrating chanber with a circulation punp, but the concentrating
chanber desirably runs with the water in a single pass. As shown in Fig.
16, when water is serially introduced into a plurality of desalting
chanmbers, in particular, the desaltizg chanber at the | ast stage
preferably has a thickness of 2 to 7 nm and a flow velocity is preferably
60 to 120 mMh in the terns of LV and 100 to 200 /h in the terns of SV. As
nmenti oned above, the electrodeioniqgﬁ%ﬂgsapparatus and the nethod for
operating the apparatus according t present invention can surely
produce product water having extrenmely |ow concentrations of anions, in
particular, of total inorganic carbonate. - 33 CLAIMS 1. A nethod for

R b R R R R R
I on-exchaa8-atus comprising at least one concentrating chamber and
at least one desalting chamber isclated by icn-exchange
membranes between an anode and a cathode,
wherein concentrated water is introduced into the
concentrating chamber; and raw water is introduced into the
desalting chamber as water to be treated and is discharged
from the desalting chamber as product water, and
wherein the concentrated water discharged from the-

concentrating chamber has a boron concentration of 500 times

or less than that in the product water or of 10 ppb or less.

2. The method for coperating the electrodeionization
apparatus according to claim 1, wherein a plurality of
concentrating chambers and desalting chambers are provided
along a flow direction of water tc be treated; and
concentrated water discharged from the concentrating chamber
of the downstreammost in the flow direction of the water to
be treated has a boron concentration of 500 tTimes or less
than that in product water discharged from the desalting

chamber of the downstreammost or of 10 ppb or less.

3. The method for operating the electrodeionization




menbr anes between an anode and a cat hode, wherein concentrated water is
introduced into the concentrating chanber; and raw water is introduced
into the desalting chanber as water to be treated and is discharged from
t he desalting chanber as product water, and wherein the concentrated water
di scharged fromthe concentrating chanber has a boron concentration of 500
times or less than that in the product water or of 10 ppb or less. 2. The
nmet hod for operating the el ectrodeionization apparatus according to claim
1, wherein a plurality of concentratgmng-chanbers and desal ti ng chanbers
are provided along a flow direction of water to be treated; and
concentrated water discharged fromthe concentrating chanber of the
downstreammst,_in the flow direction of the water to, be. treated has a

boron cOHEEHTHT AT BT t5hes D | os FPFHAT th&25h D ddifet wat er
di sch | t1 . nb f th t t f 10 b
or T oos BpUATMARE I AT The it h e i e 50 T PP

apparatus according to claim1l, wherein a part of the product water is
supplied to the concentrating chanber. 4. The nethod for operating the

el ect r odei pni 2a1d A ARPH G U AREONA Nthd & LA MAddes ANELA N he

concentrated water 1s supplﬁé% to t concentrati ng roma side

near an Qiffdeit@f dhesesd iha-chanber and-d§, dischagthtrated

water is supplied to the concentrating chamber from a side
near an outlet of the desalting chamber and is discharged

from a side near an inlet of the desalting chamber.

5. An electrodeionization apparatus comprising at least
one concentrating chamber and at least one desalting chamber
isolated by ion-exchange membranes between an anode and a
cathode, wherein concentrated water is introduced into the
concentrating chamber; and raw water is introduced intc the
desalting chamber as water to be treated and is discharged
as product watef,

wherein the electrodeionization apparatus further
comprises a means for controlling a boron concentration of
the concentrated water discharged from the concentrating
chamber to 500 times or less than that in the product water

or to 10 ppb or less.

6. The electrcdeicnization apparatus according to claim 5,
wherein a plurality of desalting chambers are serially

arranged; and concentrated water discharged from the




froma side near an inlet of the desalting chanber. 5. An

el ectrodei oni zati on apparatus conprising at | east one concentrating
chanber and at | east one desalting chanber isolated by ion-exchange

menbr anes between an anode and a cathode, wherein concentrated water is
introduced into the concentrating chanber; and raw water is introduced
into the desalting chanber as water to be treated and is discharged as
product water, wherein the el ectrodeionization apparatus further conprises
a neans for controlling a boron concegtration of the concentrated water

di scharged fromthe concentrating chanber to 500 tines or |ess than that
in the product water or to 10 ppb or less. 6. The el ectrodei oni zation

apparatus_according to.claim5, wherein a plurality of desalting chanbers
are serigMy" arta?gbgecﬁh ot R of%‘ﬁjé%hedi]sa%ar‘jgeé"@]f%ﬂthe - 35
concentrating chamnber s§FQfat§$ fromthe |ast desalting chanber via an
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that in ter_ di qed fr t he l.ast .desal.ting chanber or of 10
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ppb or el ectrodei"onizat’i on dpparat us Y0 claim 5,

uherel n s CONGRMLASL RIS SHAPIdSAEL 1A A EnHRGEL B N chanber at

a side near an
ppb or less.

7. The electrodeionization apparatus according to claim 5,
wherein the concentrated water is supplied to the
concentrating chamber at a side neér an outlet of the
desalting chamber and 1s discharged from a side near an

inlet of the desalting chamber.

8. The electrodeionization apparatus according to claim 5
further comprising a means for introducing a part of the
product water intoc the concentrating chamber as concentrated

water.

9. The electrodeionization apparatus according to claim 5
further comprising a means for removing boron from the water

supplied to the concentrating chamber,

10. A method for operating an electrodeionization
apparatus having at least one concentrating chamber and at
least one desalting chamber isolated by ion-exchange

membranes between an ancde and a cathode,




desalting chanber and is discharged froma side near an inlet of the

desal ting chanber. 8. The el ectrodei oni zati on apparatus according to claim
5 further conprising a nmeans for introducing a part of the product water
into the concentrating chanber as concentrated water. 9. The

el ectrodei oni zati on apparatus according to claim5 further conprising a
means for renoving boron fromthe water supplied to the concentrating
chanber. 10. A nethod for operating an el ectrodeionizati on apparatus
having at | east one concentrating chapper and at |east one desalting
chanber isolated by ion-exchange nenbranes between an anode and a cat hode,
- 36 wherein water to be treated is introduced into the desalting

chanber; and concentrated water is introduced into the concentrating
chamber, whef® eﬁe§§iHaggﬁcéﬁtgﬁtéﬁeﬁéﬁgrlPolﬁérPgﬁcﬁg £H&C égﬁcentrating
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concentgﬁ{|H%A%3Hg§?ﬁ§§§ﬁ§ﬁiggeéhe concentrated water is introduced into

t he concentrating cha roma’side near an outlet of the desalting

chanber and i's di 50baLgR0LEAM:Anc8hHLaRER" 1 2Rk NEE! o0 sLheegesALti ng

concentrating chamber is treated with a means for removing
anions so as to have a low anion concentration, and
wherein the concentrated water flows through the
concentrating chamber such that the concentrated water is
introduced into the concentrating chamber froﬁ a side near
an outlet of the desalting chamber and is discharged from a

side near an inlet of the desalting chamber.

11l. The method for operating the electrodeionization
apparatus according to claim 10, wherein the concentrated
water introduced into the concentrating chamber is treated
with the means for removing anions so as to have a total

inorganic carbonate concentration of 50 ppb or less.

12, The method for operating the electrodeionization
apparatus according to claim 10, wherein the concentrated
water introduced into the concentrating chamber is treated
with the means for removing anions has a silica

concentration of 100 ppb or less.

13. The method for operating the electrodeionization




11. The method for operating the el ectrodeionization apparatus according
to claim10, wherein the concentrated water introduced into the
concentrating chanber is treated wth the neans for renoving anions so as
to have a total inorganic carbonate concentration of 50 ppb or less. 12.
The nethod for operating the el ectrodeionization apparatus according to
claim 10, wherein the concentrated water introduced into the concentrating
chanber is treated wth the nmeans for renoving anions has a silica
concentration of 100 ppb or less. 13.37he nethod for operating the

el ectrodei oni zation - 37 apparatus according to claim 10, wherein the
concentrated water introduced into the concentrating chanber is treated
with the neans for rennv%ﬁg ani Qns, h a horon concentratlon of 10 ppb or

| ess. fPPﬂF@W& ﬁ(?@ofréirl éat§ 'elwé’(,etrre&ﬂ’elt@(ﬁ FROSR TS at us
according.to c 0 erein.a part of t r odu t mater di scharged from
the des tieﬁfg deld\gh Bﬁhi ed etrﬁerag&ﬁ]@g 'S(__ 45" The
met hod f ope&r.a t electrodelonlzatl ap aratus accordln to claim
10, wher'Gi %e ?#ee%%ss o RO, Bl Wt R B R ke 216

a
The net hod tyi the el ectrodei oni zati on apparatus according to
claim 10, él%z tlﬁe e%ans for

14. The method for operating the electrodeionization
apparatus according to claim 10, wherein a part of the
product water discharged from the desalting chamber is

supplied to the concentrating chamber.

15. The method for cperating the electrodeionization
apparatus according to c¢laim 10, wherein the means for

removing anions comprises a degassing means.

16. The method for operating the electrodeilionization
apparatus according to claim 10, wherein the means for
removing anions comprises an ion-exchange unit or an

electrodeionization unit.

17. The method for operating the electrodeionization
apparatus according to claim 10, wherein raw water is
treated so as to remove anions therefrom, and then is

supplied to the desalting chamber as water to be treated.

18. The method for operating the electrodeionization




removi ng ani ons conprises an ion-exchange unit or an el ectrodeionization
unit. 17. The nethod for operating the el ectrodeionization apparatus
according to claim 10, wherein raw water is treated so as to renpve anions
therefrom and then is supplied to the desalting chanber as water to be
treated. 18. The nethod for operating the el ectrodeionization - 38
apparatus according to claim 17, wherein anions in the raw water are
renoved by reverse osnosis treatnment and degassing treatnent. 19. An

el ectrodei oni zati on apparatus conprisigig-at | east one concentrating
chanber and at | east one desalting chanber isolated by ion-exchange

menbr anes between an anode and a cathode, wherein water to be treated is
introduced into the desalting chanber, and cancentrated er is
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introdquﬂg o centrated water into the concentrating chanber froma.
si de neafr an outl’et of the desalting chanber and to discharge the sane
froma side near an inlet of the desalting chanber; and a neans for
renovi ng anions fromthe concentrated water

1%9. An electrodeionization apparatus comprising at least
one concentrating chamber and at least one desalting chamber
isolated by ion-exchange membranes between an anode and a
cathode, wherein water to be treated is introduced into the
desalting chamber, and concentrated water is introduced into
the concentrating‘chamber, the electrodeionization apparatus
further comprising:

a means for introducing the concentrated water and a
means for discharging the concentrated water so as to
introduce the concentrated water into the concentrating
chamber from a side near an outlet of the desalting chamber
and to discharge the same from a side near an inlet of the
desalting chamber; and

a means for removing anions from the concentrated water

introduced into the concentrating chamber.

20. The electrodeionization apparatus according to claim
19, wherein the means for removing anions controls a total
inorganic carbonate concentration after the anion-removing

treatment to 50 ppb or less.




i ntroduced into the concentrating chanber. 20. The el ectrodeioni zation
apparatus according to claim 19, wherein the neans for renobving ani ons
controls a total inorganic carbonate concentration after the
anion-renoving treatnent to 50 ppb or less. - 39 21. The
el ectrodei oni zati on apparatus according to claim 19 further conprising a
means for renoving anions fromwater supplied to the desalting chanber.

- 39 -

21. The electrodeionization apparatus according to claim
19 further comprising a means for removing anions from water

supplied to the desalting chamber.




