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(57) Abréegée/Abstract:
An electrodelonization apparatus comprising multiple anion exchange membranes (13) and cation exchange membranes (14) that
ts (15) and

are alternately arranged between a cathode (12) and an anode (11) to alternately form concentrating compartmer
desalting compartments (16) Is described. The concentrating compartments (15) and the desalting compartments (16) are filled

with 1on exchangers, and the filling ratio of anion exchanger to cation exchanger of the ion exchanger in the concentrating
compartments (15) is higher than that of the ion exchanger in the desalting compartments (16).
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ABSTRACT OF THE INVENTION
An electrodelonization apparatus comprising multiple anion exchange
membranes 13 and cation exchange membranes 14 that are alternately arranged between
a cathode 12 and an anode 11 to alternately form concentrating compartments 15 and
desalting compartments 16 1s described. The concentrating compartments 15 and the
desalting compartments 16 are filled with 1on exchangers, and the filling ratio of anion
exchanger to cation exchanger of the 1on exchanger in the concentrating compartments

15 1s higher than that of the icn exchanger in the desalting compartments 16.
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ELECTRODEIONIZATION APPARATUS

BACKGROUND OF THE INVENTION
Field of the Invention
[0001] The present invention relates to an electrodelonization apparatus. More
specifically, the present invention relates to an electrodelonization apparatus having
excellent desalting capacity and operational stability even with a high !loading of weak

1ions including CO, and silica.

Description of the Related Art

(0002] Conventionally, the deionized water used in various industries ncluding
semiconductor manufacturing industry, liquid-crystal manufacturing industry,
pharmaceutical industry, food industry and power industry, etc., as well as in research
facilities, is frequently produced by using a type of electrodeionization apparatus
described in, for example, Japanese Patent No. 1782943 (JP 1782943), JP 2751090 and
JP 2699256. In the electrodeionization apparatus, multiple anion exchange
membranes and cation exchange membranes are alternately arranged between a cathode
and an anode to alternately form concentrating compartments and desalting
compartments. The desalting compartments are filled with an ion exchanger that is
constituted of a mixed ion exchange resin of anion exchange resin and cation exchange
resin, ion exchange fibers or the like. Moreover, to reduce the electrical resistance of

the concentrating compartments and thereby maintain the required current magnitude,

an electrodeionization apparatus including concentrating compartments filled with an



10

15

20

25

CA 02503733 2005-04-26

FILE: 12543PCTF.RTF

1on exchanger has also been proposed, as described in Japanese Patent Application Laid
Open No. 2002-205069.
[0003] In such an electrodeionization apparatus, each kind of ion conducted into the
desalting compartments reacts with the 1on exchanger and moves in the 1on exchanger
along the direction of electrical potential gradient in a specific manner according to its
affinity, concentration and mobility. The 1ons further traverse the membranes to
maintain all compartments electrically neutral. Moreover, the ions are removed from
the desalting compartments and concentrated in the adjacent concentrating
compartments because of the semipermeable property of the membranes and the
directionality of electrical potential gradient. That 1s, the cations and the anions
permeate through the cation exchange membranes and the anion exchange membranes,
respectively, and are concentrated 1n the concentrating compartments. Therefore, the
water produced from the desalting compartments can be recovered as deionized water
(pure water).
[0004] The above electrodeionization apparatus 1s capable of efficiently implementing a
desalting treatment without the requirement of regenerating the ion exchange resin.
Therefore, the electrodeionization apparatus has the capability of continuously
producing deionized water of extremely high punity.
[0005] The cited Patent documents include:

Patent document 1: JP 1782943

Patent document 2: JP 2751090

Patent document 3: JP 2699256

Patent document 4: Japanese Patent Application Laid Open No. 2002-205069

[0006] However, when the loading of weak ions including CO, and silica in the
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electrodeionization apparatus i1s high, 1.e., when the concentration of the weak 1ons
including CO, and silica in the water being treated 1s high or the amount of such water
being treated 1s large, the quality of the deionized water produced is deteriorated as
indicated by the specific resistivity thereof. Moreover, the electrical resistance of the
system gets higher after long-term use, so that the operational stability of the apparatus
1s lowered.

|0007] Moreover, Japanese Patent Application Laid Open No. 2002-205069 disclosed
thai the concentrating compartments can also be filled with an i1on exchanger. As
described 1n the prior art document, an electric conductor like an 1on exchanger is filled
In the concentrating compartments merely for maintaining the required current
magnitude, so that the ratio of anion exchanger to cation exchanger of the ion exchanger
1s not particularly discussed. Therefore, as in the desalting compartments, a mixed 1on
exchange resin having the same “volume ratio of anion exchange resin to cation
exchange resin” of 7:3 1s filled in the concentrating compartments in the examples of
Japanese Patent Application Laid Open No. 2002-2050609.

[0008] To solve the problems of the prnior art, one object of this invention 1s to provide
an electrodelonization apparatus that has excellent desalting capacity and operational

stability even when the loading of weak 1ons including CO, and silica 1s high.

SUMMARY OF THE INVENTION

[0009] The electrodeionization apparatus of this invention includes multiple anion
exchange membranes and cation exchange membranes that are alternately arranged
between a cathode and an anode to alternately form concentrating compartments and

desalting compartments. The concentrating compartments and the desalting
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compartments are filled with 1on exchangers, and the filling ratio of anion exchanger to
cation exchanger of the 1on exchanger in the concentrating compartments is higher than
that of the 10n exchanger in the desalting compartments.

[0010] As mentioned above, in the electrodeionization apparatus, the cations in the
treated water permeate the cation exchange membranes to be concentrated in the
concentrating compartments and then removed. Simultaneously, the anions in the
treated water permeate the anion exchange membranes to be concentrated in the
concentrating compartments and then removed. Meanwhile, CO, and silica among the
weak 1ons that are difficult to remove are converted to HCO,  and HS10,” by the OH"
ions generated from the hydrolysis reaction in the desalting compartments, and are
emitted to the concentrating compartments.

[0011] In the apparatus, the anionic species are most concentrated at the interfaces of
the anion exchange membranes near the concentrating compartments because of the
concentration polanzation effect. When the concentration polarization of HCO, and
HS10,” having low mobility gets overly large, the electrical resistance of the system is
raised making the removal of 1ons difficult. Therefore, the removal ratio of the ions is
lowered 1n the prior art.

[0012] In the above case, when a counter-charged cation exchanger is present at the
interface of the anion exchange membrane near the concentrating compartment, the
aforementioned concentration polarization occurs more easily because the motions of
anions are retarded. On the contrary, when an anion exchanger exist at the interface,
concentration polarization i1s difficult to occur because the motions of anions are

accelerated. Particularly, when the filling ratio of anion exchanger to cation exchanger

(abbreviated to anion/cation ratio hereinafter) of the ion exchanger in the concentrating
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compartments is higher than that of the 1on exchanger in the desalting compartments as
in this invention, the motions of anions including HCO, and HS10,™ are accelerated.
[0013] The electrodelonization apparatus of this invention preterably has multiple
desalting compartments and concentrating compartments, wherein the anion/cétion rat1o
of the 1on exchanger in the concentrating compartments s preferably 75/25 to 95/5 1n
particular. Moreover, the 1on exchanger filled in the concentrating compartments 1s
preferably an ion exchange resin, wherein the crosslinking degree of the anion exchange
resin is preferably 3-8% and that of the cation exchange resin 1s preferably 5-10%.
The anion exchange resin is preferably a thermostable anion exchange resin In
particular.

[0014] As mentioned above, the electrodeionization apparatus of this invention has
excellent desalting capacity and operational stability even when the loading of weak
ions including CO, and silica 1s high. Accordingly, even when the ratio of the water
introduction rate (L/h) into the desalting compartment to the effective area (dm?) of the
anion exchange membrane in the desalting compartment 1s 5 or higher, or when at least
one of the following two conditions (1) and (2) 1s satisfied, good results can be obtained
in some aspects including the desalting capacity and the electrical resistance by setting
the current density to 300mA/dm* or higher. The condition (1) is that the ratio of the
carbonate loading (mg-CO./h) into the desalting compartment to the effective area (dm”)
of the anion exchange membrane 1n the desalting compartment 1s 80 or higher. The
condition (2) i1s that the ratio of the silica loading (mg-S10.,/h) into the desalting

compartment to the effective area (dm?®) of the anion exchange membrane in the

desalting compartment 1s 8 or higher.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0015] FIG. 1 schematically illustrates a cross-sectional view of an electrodeionization

apparatus according to a preferred embodiment of this invention.

PREFERRED EMBODIMENT OF THE INVENTION

10016] FIG. 1 schematically 1llustrates a cross-sectional view of an electrodeionization
apparatus according to the preferred embodiment of this invention. The electro-
delonization apparatus will be described in detail with reference to FIG. 1.

[0017] In the electrodeionization apparatus, multiple anion exchange membranes 13 and
cation exchange membranes 14 are alternately arranged between two electrodes (an
anode 11 and a cathode 12) to alternately form multiple concentrating compartments 15
and desalting compartments 16. The desalting compartments 16 and the concentrating
compartments 15 are respectively filled with a mixed ion exchange resin of cation
exchange resin 10A and anion exchange resin 10B. The anode compartment is labeled
with “17”, and the cathode compartment is labeled with “18”

[0018] In this invention, the anion/cation ratio of the mixed 1on exchange resin filled in
the concentrating compartments 15 is higher than that of the mixed ion exchange resin
filled 1n the desalting compartments 16. Therefore, as explained above, the motions of
anions including HCO;™ and HS10,™ are accelerated so that concentration polarization
near the anion exchange membranes 13 is prevented. However, when the anion/cation
ratio of the mixed ion exchange resin in the concentrating compartments 15 is overly
high, concentration polarization of cations will occur at the concentrating interface on

the side of the cation exchange membrane 14 in the concentrating compartment 15.

T'herefore, the anion/cation ratio of the mixed ion exchange resin in the concentrating

compartments 15 1s generally 75/25-95/5, preferably 80/20-90/10 in particular. In
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addition, the anion/cation ratio i1s defined as the volume ratio of the anion exchange
resin to the cation exchange resin in their regenerated forms.

[0019] Though 10n exchange resin i1s used as the ion exchanger in the concentrating
compariments 15 in the electrodeionization apparatus of FIG. 1, the 1on exchanger filled
in the concentrating coinpartments 15 1s not restricted to 1on exchange resin, and 1on
exchange fibers or a graft exchanger can also be used. However, the 10on exchanger 1s
preferably an 1on exchange resin in consideration of handling facility. Moreover, it 1s
also feasible to mix an inactive resin having no ion exchange site with the ion exchange
resin. In such cases, the anion/cation ratio of the 1on exchanger excluding the inactive
resin 1s also within the aforementioned range.

[0020] When a mixed 1on exchange resin 1s used as the 1on exchanger filled in the
concentrating compartments 15, the crosslinking degree of the anion exchange resin 1s
preferably 3-8% and that of the cation exchange resin 1s preferably 5-10%. When the
crosslinking degree of respective ion exchange resin i1s lower than the corresponding
lower limit, the mechanical strength of the same 1s weak. When the crosslinking
degree of respective 1on exchange resin 1s higher than the corresponding upper limit, the
electrical resistance of the system is adversely raised.

[0021] Moreover, when the percentage of anion exchange resin in the ion exchange
resin in the concentrating compartments 15 1s high, degradation will occur after long-
term operation raising the electrical resistance. That 1s, generally, when the 1on
exchange resins are oxidized/degraded in the presence of oxygen, for example, the

anion exchange resin 1s degraded prior to the cation exchange resin. Therefore, when
the percentage of anion exchange resin in the concentrating compartments 15 is high, it

1s preferable to use an anion exchange resin that has high resistance to
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oxidization/degradation and good thermostability.

[0022] The water supplied to the electrodeionization apparatus is generally some raw
water like city water that has been treated with active carbon and reverse osmosis (RO)
separation, wherein the electrical conductivity 1s 3-104S/cm, the concentration of CO,
1s 3-30ppm and the concentration of silica is 0.2-1.0ppm. To treat such water, the
anion/cation ratio of the 1on exchange resin in the desalting compartments 16 1s required
to be 60/40-70/30. Moreover, the desalting compartments 16 are not restricted to fill
with 1on exchange resin, and other type ¢f 1on exchanger, such as ion exchange fibers or
the like may also be used.

[0023] As 1n a conventional electrodeionization apparatus, the water to be treated i1s
conducted into the concentrating compartments 15 and the desalting compartments 16
in the electrodeionization apparatus of this invention. Among the ions in the treated
water conducted into the desalting compartments 16, the cations and the anions
permeate the cation exchange membranes 14 and the anion exchange membranes 13,
respectively, and are concentrated in the concentration compartments 15. Meanwhile,
the water produced from the desalting compartments 16 1s collected as deionized water.
On the other hand, concentrated water containing a high concentration of ions is output
from the concentrating compartments 15.

[0024] Moreover, the anode compartment 17 and the cathode compartment 18 are also
introduced with electrode water, which is generally the effluent water (concentrated

water) having a high concentration of ions from the concentrating compartments 15 for

maintaining the electrical conductivity.
[0025] More specifically, the concentrated water having a high concentration of ions

from the concentrating compartments 15 is generally divided into several portions. A
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portion of the concentrated water 1s circulated to the inlet of the concentrating
compartments 15 for increasing the recovery ratio of water. Another portion 1s
supplied to the inlet of the anode compartment 17, and the remaining portion 1s
discharged outside the system as wastewater for preventing ion concentration within the
system. Meanwhile, the effluent water from the anode compartment 17 is supplied to
the 1nlet of the cathode compartment 18, and the effluent water from the cathode
compartment 18 1s discharged outside the system as wastewater.

[0026] In the aforementioned process, the possibility of concentration polarization,
especially that of weak 1ons including CO, and silica, occurring at the concentrating
interface of the anion exchange membrane 13 in the concentrating compartment 15
increases with the increase in the following parameters. One parameter is the amount
of weak 1ons including CO, and silica conducted into the desalting compartments 16.
Another parameter 1s the amount of weak 10ons including CO, and silica moving into the
concentrating compartments 15 from the desalting compartments 16 through the anion
exchange membranes 13.  Still another parameter 1s the current density applied.

[0027] However, for the electrodeionization apparatus of this invention wherein the
anion/cation ratio of the 1on exchanger in the concentrating compartments 15 is higher
than that of the 1on exchanger in the desalting compartments 16, excellent desalting
capacity and operational stability can be achieved even when the loading of weak 1ons is
high. For example, the electrodeionization apparatus is stable in the aspects including
desalting capacity and electric resistance even under the condition that the ratio of the
carbonate loading (mg-CQO,/h) into the desalting compartment 16 to the effective area

(dm®) of the anion exchange membrane 13 in the desalting compartment 16 is 80 or

higher (or even 250-300), or that the ratio of the silica loading (mg-SiO,/h) into the
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desalting compartment 16 to the effective area (dm?) of the anion exchange membrane
13 1n the desalting compartment 16 is 8 or higher (or even 15-25), or that the current
density is 300mA/dm’® or higher (or even 600-1200mA/dm?®). Accordingly, the
clectrodelonization apparatus can be further compactified, which is quite attractive in
consideration of economics.

10028] Moreover, in the electrodelonization apparatus of this invention, the anode
compartment 17 or the cathode compartment 18 can also be filled with an electric

conductor or an 1on exchanger like ion exchange resin.

|Examples}
[0029] The following examples and comparative examples are provided to specifically
explain this invention.

Example 1

[0030] An electrodeionization apparatus having a water-treating capacity of 1000L/h is
used, which 1s constituted of eight desalting compartments each having dimensions of
250mm x 400mms x Smm (effective width x height x thickness) and concentrating
compartments each having a thickness of 2.5mm. The desalting compartments and the
concentrating compartments are respectively filled with a mixed ion exchange resin
described below. The water supplied to the apparatus is city water that has been
treated with active carbon and reverse osmosis (RO) separation. The quality of the
supplied water 1s as follows: electrical conductivity = 104S/cm; CO, concentration =

20ppm; 810, concentration = lppm; water temperature = 10°C. In addition, the

cffective area (dm”) of the anion exchange membrane in the desalting compartments of

the electrodeionization apparatus is 10dm®.

1 O
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In the desalting compartments: a mixed 1on exchange resin having an “anion exchange
resin/cation exchange resin’ ratio (anion/cation ratio) of 7/3 (v/v)
In the concentrating compartments: a mixed 1on exchange resin having an anion/cation
ratio listed 1in Table 1.
[0031] The water flow rate into the 1nlets of the desalting compartments 1s 1000L/h, and
that into the inlets of the concentrating compartments 1s 400L/h. The concentrated
water flowing out of the concentrating compartments 1s divided into three portions,
wherein a portion 1s discharged outside the system at a flow rate of 200L/h, and another
portion 1s sequentially conducted through the anode compartment and the cathode
compartment and then discharged outside the system at a flow rate of 50L/h. The
remaining portion of the concentrated water i1s circulated to the inlets of the
concentrating compartments.

[0032] The water introduction operation 1s continued under a current of 8A for a month,

wherein the conditions of water introduction are listed below. The specific resistivity

of the output water and the operation voltage after a month are listed in Table 1. The
specific resistivity and the operation voltage are stable and do not deviate from the
values measured 1n the beginning. The conditions of water introduction include:

1) the ratio of the water introduction rate (L/h) into the desalting compartment to the
effective area (dm®) of the anion exchange membrane in the desalting compartment
being 12.5;

2) the ratio of the carbonate loading (mg-CQO,/h) into the desalting compartment to the
effective area (dm®) of the anion exchange membrane in the desalting compartment
being 250;

3) the ratio of the silica loading (mg-S10,/h) into the desalting compartment to the

11
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5 effective area (dm®) of the anion exchange membrane in the desalting compartment

being 12.5; and

4) the current density being 800mA/dm”.

Examples 2-4 and Comparative Examples 1-2

[0033] In each of the examples, the water introduction operation 1s implemented as in

10 Example | except that the anion/cation ratio of the mixed ion exchange resin filled in

the concentrating compartments is varied as in Table 1. The specific resistivity of the

output water and the operation voltage after a month in each example are listed in Table

1.

15 Tablel
Anion/cation ratio of the 1on After a month of water
exchange resin filled in the introduction
concentrating compartments Specific resistivity  |Operation
(anion exchange resin : cation of water produced |voltage (V)
exchange resin (v/v)) (MO - cm)
Examples 8:2 15 86
9:1 14 86
7.5:2.5 15 90
9.5:0.5 14 88
Comparative 7:3 12 126
Examples 6:4 11 134

[0034] As shown in Table 1, when the anion/cation ratio of the ion exchange resin filled

in the concentrating compartments is higher than that of the ion exchange resin filled in

| 2
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the desalting compartments, especially when the volume ratio of the anion exchange
resin to the cation exchange resin in the concentrating compartments 1s 8:2 to 9:1,
excellent desalting capacity and operational stability can be achieved even when the

loading of weak 1ons including CO, and silica 1s high.

Utility in the Industry
[0035] As mentioned above, with the principles of the present invention, an
electrodelonization apparatus can be provided with excellent desalting capacity and

operational stability even when the loading of weak 1ons including CO, and silica 1s

high.
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WHAT IS CLAIMED IS:

1. An electrodeionization apparatus, comprising:

a plurality of anion exchange membranes and a plurality of cation exchange
membrane that are alternately arranged between a cathode and an anode to alternately
form at least one concentrating compartment and at least one desalting compartment,
wherein

the concentrating compartments and the desalting compartments are filled with
1on exchangers, and a filling ratio of anion exchanger to cation exchanger of the 1on
exchanger in the concentrating compartments 1s higher than a filling ratio of anion
exchanger to cation exchanger of the 1on exchanger in the desalting compartments.

2. The electrodeionization apparatus according to claim 1, which comprises a
plurality of concentrating compartments and a plurality of desalting compartments,
wherein the filling ratio of anion exchanger to cation exchanger of the 1on exchanger in
the concentrating compartments ranges from 75/25 to 95/5.

3. The electrodeionization apparatus according to claim 1 or 2, wherein the 1on
exchanger 1n the concentrating compartment comprises a mixed ion exchange resin
comprising an anion exchange resin and a cation exchange resin, wherein a crosslinking
degree of the anion exchange resin 1s 3-8%, and a crosslinking degree of the cation
exchange resin 1s 5-10% .

4. The electrodeionization apparatus according to any one of claims 1-3,

wherein a ratio of a water introduction rate (L/h) into the desalting compartment to an

effective area (dm®) of the anion exchange membrane in the desalting compartment is 5

or higher.

5. The electrodelonization apparatus according to any one of claims 1-4, which

| 4
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satisfies at least one of the following two conditions (1) and (2):

(1) a ratio of a carbonate loading (mg-CO,/h) into the desalting compartment to
an effective area (dm?) of the anion exchange membrane in the desalting compartment
being 80 or higher; and

(2) a ratio of a silica loading (mg-S10,/h) 1nto the desalting compartment to an
effective area (dm°) of the anion exchange membrane in the desalting compartment

being 8 or higher.

6. The clectrodeionization apparatus according to any one oi claims 1-5,
wherein a current density of 300mA/dm? or higher is applied.

7. The electrodelonization apparatus according to any one of claims 1-6,
wherein the concentrating compartment 1s filled with an anion exchange resin that

comprises a thermostable anion exchange resin.
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