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(57) Des membranes (11) €changeuses de cations et des
membranes (12) échangeuses d’anions sont disposces de
maniere alternée entre une anode (20) et une cathode
(19). Des chambres (14) de désalage et des chambres
(15) de condensation sont placees de maniere alternéee
entre les membranes ¢changeuses (11 et 12). Les
chambres (14) de désalage comportent des passages dans
lesquels s’¢coule du liquide et qui servent a mettre en
contact les membranes (11) €changeuses de cations avec
les membranes (12) ¢changeuses d’anions. L efficacite
de desionisation est ¢quivalente a celle d’un appareil
classique, la structure est simple, la fabrication est facile
et le degre de libert€ existant pour concevoir la forme de
I’appareil est €leve.

I*I Industrie Canada  Industry Canada

(57) Cation exchange membranes (11) and anion
exchange membranes (12) are alternatingly arranged
between an anode (20) and a cathode (19). Desalting
chambers (14) and condensing chambers (15) are
alternatingly provided between the exchange membranes
(11 and 12). The desalting chambers (14) have passages
through which liquud flows and bring the cation
exchange membranes (II) into contact with the anion
exchange membranes (12). The deilonization efficiency
1s equivalent to that of a conventional one, the structure
1s simple, the manufacture 1s easy, and the degree of
freedom of designing the shape of the apparatus 1s high.
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DESCRIPTION

Electrodeionization Water Producing Apparatus

[Technical Field]

The present invention relates to an
electrodeionization water producing apparatus used in the
semiconductor manufacture industry, pharmaceutical industry,

food industry, power stations, laboratories and the like

which require deionized water.

[ Background Art]
Basically 1n a conventional electrodialysis device,
the liquid to be treated is desalinated and concentrated by

supplying direct currents to a unit in which a plurality of

cation and anion exchange membranes are alternately arranged

via spacers and desalination and concentrating chambers are

formed by the spacers, so that the anion and cation exchange

membranes do not contact one another. Moreover, in an
electrodeionization water producing apparatus heretofore

practically used, a gap formed by the cation and anion

exchange membranes 1s basically filled, for example, with a
lamination of anion and cation exchange resin layers or a

mixed ion exchange resin layer as an ion exchanger to form a
desalination chamber. Feed water is passed through the ion
exchange resin layer(s), while direct currents are applied

via both ion exchange membranes, so that deionized water is

produced while ions in the feed water are electrically
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‘discharged to concentrated brine flowing outside both the

ion exchange membranes, and the anion and cation exchange
membranes do not directly contact each other.

Fig. 5 1is a schematic sectional view of a typical
conventional electrodeionization water producing apparatus.
As shown in Fig. 5, cation exchange membranes 101 and anion
exchange membrane 102 are alternately arranged apart from
one another, and every other space formed by the cation
exchange membrane 101 and anion exchange membrane 102 is

filled with a mixed ion exchange resin 103 of cation and

anion exchange resins to form a desalination chamber 104.
Moreover, portions formed by the anion and cation exchange

membranes 102, 101 positioned adjacent to the desalination

chambers 104 and not filled with the mixed ion exchange
resin 103 are formed as concentrating chambers 105 for

passing concentrated brine.

Moreover, as shown in Fig. 6, the cation exchange

membrane 101, anion exchange membrane 102, and mixed ion
exchange resin 103 (omitted from Fig. 6) filling the inside

form a deionizing module 106.
Specifically, the cation exchange membrane 101 is

sealed/attached on one side of a hollowed frame 107, the

hollowed portion of the frame 107 is filled with the mixed
ion exchange resin 103, and subsequently, the anion exchange

membrane 102 is sealed/attached in the other side of the

frame 107. Additionally, since the anion exchange membrane
102 is relatively soft, in general, a plurality of ribs 108

are vertically provided in the hollow space of the frame 107
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in order to prevent the ion exchange membrane from being
curved and prevent the layer filled with mixed ion exchange
resin 103 from becoming non-uniform, when the inside of the
frame 107 is filled with the mixed ion exchange resin 103
and opposite surfaces thereof are sealed with the ion

exchange membranes.

Moreover, although.not shown in the drawings, a feed
water flow inlet is formed in an upper portion of the frame
107, while a deionized water flow outlet is formed in a
lower portion thereof.

Fig. 5 shows that a plurality of deionizing modules
106 are arranged in parallel via spacers (not shown)
disposed therebetween, a cathode 109 is disposed on one end

of the arranged deionizing modules 106, and an anode 110 1s

disposed on the other end. Additionally, a space between
the deionizing modules 106 disposed in parallel via the
spacer is a concentrating chamber 105. Moreover, cation
exchange membranes, anion exchange membranes, simple
diaphragms having no ion exchange property or other
compartment membranes 111 are disposed on opposite external
sides of both end concentrating chambers 105 as required,
and portions compartmentalized by the compartment membranes
111 and contacting both electrodes 109, 110 are formed as a
cathode chamber 112 and anode chamber 113.

When deionized water is produced by the

electrodeionization water producing apparatus, operation 1is

performed as follows:

Specifically, a direct current voltage 1s applied
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between cathode 109 and anode 110, feed water flows 1In via a
feed water flow inlet A, concentrated brine flows in via a
concentrated brine flow inlet B, and electrode liquid flows
in via electrode liquid flow inlets C and D. The feed water
that flows in via the feed water flow inlet A flows downward
in each desalination chamber 104 as shown by solid lines and
arrows, and is passed through the filling layer of the mixed
ion exchange resin 103, in which impurity ions are removed,

and the deionized water is obtained via a deionized water

flow outlet a. Moreover, the concentrated brine that flows

in via the concentrated brine flow inlet B flows downward 1n

each concentrating chamber 105 as shown by dotted lines and

arrows, receives the impurity ions moving via both ion
exchange membranes, and is discharged as the concentrated
brine with the impurity ions concentrated therein via a
concentrated brine flow outlet b. Furthermore, the
electrode liquid that flows in via the electrode liquid flow

inlets C and D is discharged via electrode liquid flow

outlets ¢ and d.

Since the impurity ions in the feed water are
electrically removed, and concentrated in the concentrated
brine by the operation described above, the deionized water
can continuously be obtained without regenerating the filled
ion exchange resins with chemicals.

When the conventional electrodeionization water
producing apparatus is used, a reverse 0OsSmosis membrane

device or a water softening device is usually installed as a

pretreatment stage, so that the deionized water for use in
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various industries is supplied extremely effectively.
However, the conventional electrodeionization water
producing apparatus has a complicated structure, and

requires considerable time and labor to manufacture.

Especially, the deionizing module forming the desalination

chamber uses the frame with a plurality of ribs arranged in

the hollow space to assure the filling of ion exchangers and

uniform filling, which causes a problem that the
configuration of the apparatus is restricted.

Therefore, an object of the present invention is to

provide an electrodeionization water producing apparatus
which maintains a deionizing efficiency as in a conventional

case, has a simple structure, is easy to be manufactured and

which has a high degree of freedom of apparatus

configuration.

[Disclosure of the Invention]

In such circumstances, the present inventor went

back to a deionizing principle in an electrodeionization

water producing apparatus, conduct a various studies and, as
a result, has acquired the following information:

(1) A desalination chamber is filled with ion exchangers,

i.e., ion exchange resins for the purpose of adsorbing 1ons
in feed water. On the other hand, an ion exchange membrane

is used for the purpose of transferring the ions adsorbed by

the ion exchange resin to a concentrating chamber, and not

transferring opposite ions of the concentrating chamber to

the desalination chamber. Although the ion exchanger and
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the ion exchange membrane are different in purpose from each
other, materials are substantially the same.

(2) When operation is performed without filling the ion
exchange resins, the deionizing efficiency is remarkably
deteriorated.

(3) Water electrolysis easily occurs in a portion where the
ion exchange membrane and ion exchange resin come 1nto
contact with each other, and H or OH ions generated by the
water electrolysis can be expected to chemically regenerate
the ion exchange resin.

From the above (1) to (3), it has been found that

when the desalination chamber is constituted by holding a
channel for passing the feed water and allowing the cation
exchange membrane to contact the anion exchange membrane,
the same deionizing efficiency as in the conventional
electrodeionization water producing apparatus can Dbe
obtained and an apparatus with a simple structure that 1s
easy to manufacture and having a high degree of freedom of
apparatus configuration can be obtained, and the present
invention has been completed.

That is to say, according to the present invention,
there is provided an electrodeionization water producing
apparatus in which cation and anion exchange membranes are
alternately arranged between an anode and a cathode, and
desalination and concentrating chambers are alternately
formed between both the membranes, the desalination chamber
being formed by holding a channel for passing feed water

from one to the other side of the desalination chamber and
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bringing the cation and anion exchange membranes into

contact with each other.

[Brief Description of the Drawings]

Fig. 1 is a schematic sectional view showing a part
of a contact state of anion and cation exchange membranes 1in
the present invention.

Fig. 2 is a schematic sectional view showing a part
of another contact state of anion and cation exchange
membranes in the present invention.

Fig. 3 is an assembly view of a deionizing module
for use in an electrodeionization water producling apparatus
of the present invention.

Fig. 4 is a schematic sectional view of the
electrodeionization water producing apparatus in an
embodiment of the present invention;

Fig. 5 is a schematic sectional view of a

conventional electrodeionization water producing apparatus.

Fig. 6 is an assembly view of a deionizing module
for use in the conventional electrodeionization water
producing apparatus.

Fig. 7 is a schematic view showing an example using
a spiral type deionizing module in the present invention.

Fig. 8 is a schematic sectional view showing another
example of a part of contact state of anion and cation
exchange membranes in the present invention.

Fig. 9 is a schematic sectional view showing further

example of a part of contact state of anion and cation
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exchange membranes in the present invention.

[Description of Reference Characters]
6, 7 groove
8, 9 protrusion

10 electrodeionization water producing apparatus

10

15

11, 101 catlion exchange membrane
12, 102 anion exchange membrane
14, 104 desalination chamber

15, 105 concentrating chamber
16, 106 deionizing module

19, 109 cathode

20, 110 anode

21, 111 compartment membrane

22, 112 cathode chamber

23, 113 anode chamber

20

20

51 cation exchange membrane porous structure

52 anion exchange membrane porous structure

107 f£frame
108 rib
A feed water flow inlet

B concentrated brine flow inlet

C, D electrode ligquid flow inlet
a deionized water flow outlet

b concentrated brine flow outlet

c, d electrode ligquid flow outlet

[Best Mode for Carrying out the Invention]
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A desalination chamber of an electrodeionization
water producing apparatus of the present invention 1s not
especially limited as long as it 1s formed by holding
channels for passing feed water from one side to the other
side of the desalination chamber and bringing cation and
anion exchange membranes into contact with each other, and
it is formed without filling any ion exchanger. Examples of
the cation or anion exchange membrane (hereinafter referred
to just as the ion exchange membrane) holding the channels
of feed water include the ion exchange membrane whose
surface vicinity is formed in a porous structure, the ion
exchange membrane having numerous fibrous protrusions on its
surface, the ion exchange membrane having a nonwoven surface,

the ion exchange membrane having numerous protrusions, and

the like. The specified surface structure may be formed on
the sides of the desalination chamber of both the cation and
anion exchange membranes, or on a surface on the side of the
desalination chamber of either cation or anion exchange
membrane. Moreover, the specified structure or protrusions

may or may not be formed on a surface on the concentration

side of the cation or anion exchange membrane.

Furthermore, in the ion exchange membrane having the
numerous protrusions, the protrusion configuration is not
especially limited. For example, substantially hemispheric,
hemispheric, conical or another protrusion; convex portion

having a hemispheric, conical or linear, spiral, or

amorphous pattern section; or the l1like may be formed. A

height of protrusion is preferably in the range of about 1
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to 3 mm. Moreover, for the afore-mentioned protrusion, 9 to
25 protrusions/cm‘ are preferably formed, while for the
convex portion, a groove width is preferably in the range of
1.0 to 1.5 times a sectional width of the portion.

A method of forming the surface of the porous
structure, nonwoven fabric surface or surface having
numerous fibrous protrusions is not especially limited, and
examples thereof include a laminating method of fixing an
ion exchange membrane forming the porous structure or
protrusions onto a surface of ion exchange membrane
heretofore used with an adhesive or the like, an integral
forming method of forming the porous structure or
protrusions during heating molding using a thermoplastic
polymer, and the like.

Furthermore, a method of forming the ion exchange

membrane having a large number of protrusions on its surface
is not especially limited. For example, in a non-

homogeneous membrane, a particulate ion exchanger is mixed

in the membrane, and a configuration of the ion exchanger is
used to make an ion exchange membrane surface protrude.
Alternatively, after the membrane is prepared by this method,
portions other than the jion exchanger may be cut off.
Furthermore, for a semi-homogeneous membrane or a

homogeneous membrane, an olefin resin or vinyl chloride

resin net used as a membrane support is made concave/convex
beforehand, and used to form protrusions. In membrane

formation by bulk polymerization, a concave/convex surface

is formed when a membrane is cut from a bulk article. In a

10
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heating molding method using a thermoplastic polymer or a
pasting method, the concave/convex surface is formed during
molding, or a part of a formed ion exchange membrane may be
cut off.

Additionally, the contact state of the cation and
anion exchange membranes is not especially limited. As
described above, surfaces of cation and anion exchange
membranes with the porous structure, protrusions or
protruding portions formed thereon may just abut on each
other. Thereby, voids are formed in the contact interface
and in the vicinity of surface of the cation or anion
exchange membrane, and the channels for passing the feed

water are held.

The contact state of the ion exchange membrane

having the large number of protrusions may be appropriately

selected in order to secure the voids as the feed water
channels of the desalination chamber formed by contact of
the cation and anion exchange membranes and in consideration
of the deionizing efficiency, but especially, contacting of
the protrusion with a groove of the opposite membrane is
preferable. For example, when the protrusion 1is hemispheric,

as shown in Fig. 1, a protrusion 9 of cation exchange

membrane 11 abuts opposite to a groove 7 of anion exchange

membrane 12, and a protrusion 8 of anion exchange membrane
12 abuts opposite to a groove 6 of cation exchange membrane
11. In this case, a top of protrusion 8, 9 may partially

contact a bottom of groove 6, 7, but substantially the

entire top of the protrusion preferably contacts the groove

11
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bottom. Moreover, when the anion exchange membrane 12 has
no protrusion, as shown in Fig. 2, the protrusion 9 of
cation exchange membrane 11 may abut on the anion exchange

membrane 12.

In the present invention, a ratio of voids of the

desalination chamber formed by the contact of cation and
anion exchange membranes 1s not especially limited, but is
preferably in the range of about 3 to 50% relative to a
volume occupied by both the jon exchange membranes, for the

ion exchange membrane whose surface vicinlity has the porous

structure and the ion exchange membrane having the nonwoven

fabric surface. Moreover, for the jion exchange membrane

having the large number of protrusions, the ratio of wvoids

of the desalination chamber indicates a percentage of wvoids

(blank portions) formed by the cation exchange membrane 11

and anion exchange membrane 12 of Figs. 1 and 2, relative to

the entire volume of the desalination chamber. Specifically,
the range is preferably 30 to 80%.

In the present invention, the deionizing module
forming the desalination chamber is, for example, as shown
in Fig. 3, formed by the cation exchange membrane 11 with a

large number of protrusions 9 formed on its surface on the

side of desalination chamber and the anion exchange membrane

12 (surface protrusions of anion exchange membrane 12 are

not seen in the drawing). Moreover, various configurations

of deionizing modules can be used and, for example, a spiral
configuration may be used.

The desalination chamber of the electrodeionization

12
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water producing apparatus of the present invention is formed
by bringing the cation and anion exchange membranes whose
surfaces have the specified structure in contact with each
other. The deionized water 1s produced by passing the feed
water through the wvoids of the desalination chamber,
applying direct currents via both the ion exchange membranes,
and electrically discharging the ions in the feed water into
the concentrated brine flowing outside both the ion exchange
membranes.

Fig. 4 1s a schematic sectional view of an

electrodeionization water producing apparatus in an

embodiment of the present invention. As shown in Fig. 4,

deionizing modules 16 each formed by engaging the cation and

anion exchange membranes 11, 12 having a large number of

hemispheric protrusions in contact with each other are
alternately arranged apart from one another, and the voids

each formed by the cation exchange membrane 11 and the anion

exchange membrane 12 are formed as desalination chambers 14.
Additionally, portions which are formed by the anion

exchange membrane 12 and cation exchange membrane 11

positioned adjacent to the desalination chamber 14 and which

form no protrusion are formed as concentrating chambers 15.

Fig. 4 shows that a plurality of deionizing modules

16 are arranged in parallel via spacers (not shown) disposed
therebetween, a cathode 19 is disposed on one end of the

arranged deionizing modules 16, and an anode 20 is disposed

on the other end. Additionally, the position in which the

spacer 1s disposed corresponds to the concentrating chamber

13
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15. Moreover, cation exchange membranes, anion exchange

membranes, simple diaphragms having no ion exchange property
or other compartment membranes 21 are arranged on opposite
external sides of both end concentrating chambers 15 as

O required, and portions compartmentalized by the compartment
membranes 21 and contacting the electrodes 19, 20 are formed
as cathode chamber 22 and anode chamber 23.

When deionized water is produced by the
electrodeionization water producing apparatus, operation 1is

10 performed as follows:

Specifically, a direct current voltage is applied
between cathode 19 and anode 20. As a result, an electric
current flows between cathode 19 and anode 20. Moreover,
feed water flows in via a feed water flow inlet A,

15 concentrated brine flows in via a concentrated brine flow

inlet B, and electrode liquid flows in via electrode liquid
flow inlets C and D. The feed water that flows in via the

feed water flow inlet A flows downward in each desalination

chamber 14 as shown by so0lid lines and arrows, and 1s passed
20 through a channel formed by contact of protrusions, in which
impurity ions are removed, and the deionized water 1is
obtained via a deionized water flow outlet a. Moreover,
water electrolysis takes place where the cation and anion

exchange membranes directly contact with each other, which

25 contributes to regeneration of the ion exchange membrane

having adsorbed impurity ions by ion exchange. Furthermore,
the concentrated brine that flows in via the concentrated

brine flow inlet B flows downward in each concentrating

14
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chamber 15 as shown by dotted lines and arrows, receives the
impurity ions moving via both the i1on exchange membranes,
and is discharged as the concentrated brine with the
impurity ions concentrated therein via a concentrated brine
flow outlet b. Furthermore, the electrode liquid flown in
via the electrode liquid flow inlets C and D 1s discharged
via electrode liquid flow outlets ¢ and d.

Since the impurity ions in the feed water are
electrically removed by the above-mentioned operation, the
deionized water can be continuously obtained at the same
deionizing ratio as in the conventional electrodeionization
water producing apparatus. Moreover, the
electrodeionization water producing apparatus 10 of the
embodiment has a simple structure, and can be easlily
manufactured. Furthermore, since the deionizing module 16
is compact, the apparatus can be miniaturized. Additionally,
the ion exchanger resin and their filling operation can be
omitted.

According to the present invention, the
electrodeionization water producing apparatus has a simple
structure, and can be manufactured remarkably easilly.
Moreover, since the deionizing module is compact, the
apparatus can be miniaturized. Furthermore, the ion
exchanger resins and their f£illing operation can be omitted.

As diagrammatically shown in Fig. 7, the deionizing
module 16 is formed in a spiral shape, a cylindrical
pressure resistant container 40 i1s filled with the module,

and portions on the side of the pressure resistant container

19
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and on the side of a spiral center are formed as electrodes
42, 44. In this case, an electrodeionization water
producing apparatus can have 1its pressure resistant

performance enhanced, and the degree of configuration

D freedom is remarkably enhanced compared with the
conventional electrodeionization water producing apparatus.

Furthermore, Fig. 8 shows an example in which a
cation exchange membrane porous structure 51 is formed on a
surface of cation exchange membrane 11. Moreover, an anion

10 exchange membrane porous structure 52 is formed on a surface

of anion exchange membrane 12. The cation exchange membrane
porous structure 51 and the anion exchange membrane porous

structure 52 are porous, form contact portions of both the

exchange membranes 11, 12, and form a channel through which

15 the feed water is passed.

Additionally, Fig. 9 shows an example in which the
cation exchange membrane porous structure 51 is formed on

the surface of cation exchange membrane 1l1. The cation

exchange membrane porous structure 51 directly contacts the

20 anion exchange membrane 12, in which the cation exchange
membrane porous structure 51 forms the channel for passing

the feed water.

[Possibility of Industrial Utilization]

25 The electrodeionization water producing apparatus of
the present invention 1s utilized in the semiconductor

manufacture industry, pharmaceutical industry, food industry,

or power stations, laboratories and the like which require

16
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deionized water.

17
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CLAIMS

1. An electrodeionization water producing apparatus
in which a cation exchange membrane and an anion exchange

membrane are alternately arranged between an anode and a

cathode, and a desalination chamber and a concentrating

chamber are alternately formed between both the membranes,

said desalination chamber being formed by holding a

channel through which feed water flows from one side to
another side of the desalination chamber and by allowing the

cation exchange membrane to contact the anion exchange

membrane.

2. The apparatus as claimed in claim 1, wherein

a large number of protrusions are formed on a
surface of the cation exchange membrane and/or the anion

exchange membrane, and the cation exchange membrane 1S

allowed to contact the anion exchange membrane, so that a
portion where both the ion exchange membranes do not contact

each other is formed as a channel through which the feed

water flows.

3. The apparatus as claimed in claim 2, whereiln

said protrusion is hemispheric.

4. The apparatus as claimed in claim 2 or 3,
whereilin

said protrusion is formed on both the surfaces of

18
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the cation exchange membrane and the anion exchange membrane,
a top of the protrusion formed on the cation
exchange membrane contacts an area in which the protrusion
of the anion exchange membrane is not formed, and
a top of the protrusion formed on the anion exchange

membrane contacts an area in which the protrusion of the

cation exchange membrane is not formed.

5. The apparatus as claimed in claim 2 or 3,
wherein
said protrusion is formed on either surface of the

cation exchange membrane and said anion exchange membrane,

and
a top of the protrusion formed on either the cation

exchange membrane or the anion exchange membrane contacts

the surface of the other exchange membrane.

6. The apparatus as claimed in claim 1, wherein

at least a surface portion of the cation exchange
membrane and/or the anion exchange membrane is formed 1in a

porous structure, and in a portion of this porous structure,

the cation exchange membrane is allowed to contact the anion

exchange membrane, while the feed water is passed.

19
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