
Apparatus and Method for Electrodeionization Field of the Invention [00011
The present invention relates to an electrodeionization  apparatus used for
producing deionized water in various fields  including semiconductor
manufacturing, liquid crystal display  manufacturing, pharmaceutical
manufacturing, food processing,  and the like. More particularly the
present invention relates to  the electrodeionization apparatus which
produces treated water  which is improved in resistivity and removing rate
of weak  electrolyte anions and is suitable to produce highly pure water
continuously. Further more, the present invention relates to a  method for
electrodeionization which employs the  electrodeionization apparatus.
Background of the Invention [0002] The electrodeionization apparatus used
for producing  the deionized water is employed in various fields including
the  semiconductor manufacturing plants, the liquid crystal display
manufacturing plants, the food processing industry, the electric  power
plants, household equipments, laboratories and the like.  Fig.6 shows a
conventional electrodeionization apparatus in 1 which a plurality of anion
exchange membranes 13 and a  plurality of cation exchange membranes 14 are
alternately  



arranged between electrodes (anode 11, cathode 12) in such a  manner as to
alternately form concentrating compartments 15  and desalting compartments
16, and the desalting compartments  16 are filled with ion exchangers 10.
In Fig.6, the reference  numeral 17 denotes an anodic compartment and the
numeral 18  denotes a cathodic compartment. [0003] A part of the
concentrated water flown out from the  concentrating compartment 15 is fed
into the anodic  compartments 17 and the desalting compartments 18. [0004]
In an electrodeionization apparatus, H+ ions and OH- ions are formed by
dissociation of the water to continuously  regenerate the ion exchangers
filled in the desalting  compartments so that the electrodeionization
apparatus can  efficiently deionize the water without regeneration with
using  agents which are employed in a conventional ion exchange  apparatus
which is widely used for desalting water. An  electrodeionization apparatus
produces highly pure water  continuously, so that it is employed widely in
a pure water  producing apparatus or the like. [0005] Generally, when the
electrodeionization apparatus is 2 applied with the electrical current
exceeding the critical current  density to deionize, OH- and H+ are formed
by water  



dissociation as described above to carry the electric charge. H+  ion has
mobility of 349.7CM2 Q-Ieq-1, which is very large in  comparison with that
of the other ions (30 to 70CM2 Q-1eq-1).  Therefore, particularly when the
diluting compartment has a  large thickness W, the difference of the
mobilities between H+  and OH- is increased so that H+ tends to be quickly
discharged  to the concentrating compartments and OH- tends to remain in
the desalting compartment. Furthermore, Na+ and K+ also tend  to remain in
the desalting compartments because these are  monovalent and H+ ion carries
the electrons, while the multi - valent cations and anions including Ca2+,
Mg2+ are discharged to  the concentrating compartments with relative ease.
As the  result, the product water tends to include monovalent alkali such
as NaOH and KOH so that the product water (deionized water)  becomes to
contain Na ions at a high concentration (Na leak  phenomenon). [00061 An
electrodeionization apparatus in which a desalting  compartment is provided
with vertical partition ribs for dividing  the desalting compartment into
cells being long in the vertical  direction is disclosed in JP4-72567B.
According to this 3 electrodeionization apparatus having the desalting
compartment  divided into long cells by ribs in which ion exchange resins
are  



filled respectively, the channelizing phenomenon where the flow  of water
from the inlet to the outlet of the desalting  compartment is partially
one-sided is prevented and the  compression and the ion exchange resins in
the desalting  compartment is prevented from being compressed or moved.
[00071 The desalting compartments are filled with an equal  amount of anion
exchange resins and cation exchange resins so  that the volume ratio of the
anion exchange resins is 50 volX  [00081 In the electrodeionization
apparatus of JP4-72567B,  the number of the cells is limited because the
cells are formed by  dividing the desalting compartment in the vertical
direction.  That is a large number of cells can not be formed in the
apparatus. Further, the flow of the water in a lateral direction is
blocked by the ribs, so that the contact efficiency between the  waterand
the ion exchange resins is poor. In addition, the ion  exchange resins are
compressed at lower portions of the cells so  that the cells have a vacancy
at upper portions thereof, whereby  the rate of filling the ion exchange
resins tends to be poor. [00091 The applicant disclosed, in JP2001-25647A,
an  electrodeionization apparatus which overcomes problems  described
above, which has high contact efficiency between water  and ion exchanger,
and which has high filling density of the ion  



exchanger. The applicant also disclosed, in JP2003-126862A,  that this type
of electrodeionization apparatus is improved in a  desalting efficiency
when it has 60 to 80 vol.% of a volume ratio  of anion exchange resins in
the desalting compartments. [00101 These electrodeionization apparatuses
have desalting compartments, each of which is divided into a plurality of
cells  by a partition member, and ion exchange resins are filled in the
respective cells. At least a part of the partition member facing  the cell
is inclined relative to an average flow direction of the  water in the
desalting compartment. The inclined part of the  partition member allows
permeation of the water, but prevents  the ion exchanger to pass
therethrough. Therefore, at least a  part of the water flowing into the
desalting compartment should  flow obliquely relative to the average flow
direction of water, so  that the water is dispersed overall the desalting
compartment,  thereby improving the contact efficiency between water and
ion  exchanger and improving the deionization property. [00111 When a
plurality of cells are arranged along the  membrane surface both in the
average flow direction of water  and a direction perpendicular to the
average flow direction, (for  example, when the apparatus has a large
number of cells which  are arranged vertically and laterally), the contact
efficiency  



between water and ion exchanger becomes extremely high.  Since the height
of each cell is low, the ion exchanger is scarcely  compressed. A vacancy
is not formed at an upper portion in the  cell, and the cell is filled
evenly with the ion exchanger. [00121 Generally, in an electrodeionization
apparatus, ions  contained in water to be treated move from a desalting
compartment to a concentrating compartment depending on a  potential
difference between electrodes. Therefore, weak  electrolytes including
carbonic acid, silica and the like are hard  to be removed from the water
to be treated. For example, in an  electrodeionization apparatus in which
the anion exchange resin  ratio is 50 volume% as described in JP4-72567B,
the removal  rate of silica is as low as about 70 to 90%. [00131
JP2003-126862A above referred discloses the  electrodeionization apparatus
in which partition members are  provided in a desalting compartment to
divide the desalting  compartment into a plurality of cells surrounded by
the partition  members and a cation exchange membrane and an anion
exchange membrane, and the cells are filled with a mixture  containing an
anion exchange resin and a cation exchange resin 6 at a mixing ratio of the
anion exchange resin to the total amount  of the anion exchange resin and
the cation exchange resin is 60  



to 80 volume%, in order to improve the removal rate of weak  electrolytes.
[00141 The ratio of the anion exchange resin is made high in  this Japanese
publication due to the following reason . [00151 Carbonic acid(C02) as a
weak electrolyte changes to  bicarbonate ion by ionization reaction with
hydroxide ion (OH-)  (C02+OH- --+ HCOA [00161 The bicarbonate ion moves
from the desalting  compartment to the concentrating compartment through
the  anion exchange membrane. Therefore, it is important for  removal of
carbonic acid first to promote the ionization reaction,  and secondly to
improve the mobility of the bicarbonate ion. In  order to promote the
ionization reaction of carbonic acid  (formation of bicarbonate ion), OH-
ion is required to be fed, and  it is brought by dissociation of water
(H20--+H+ + OH-). [00171 The water dissociates between the ion exchange
resins  and between the ion exchange resin and the ion exchange  membrane.
The hydrogen ion and the hydroxide ion produced  between the ion exchange
resins have a short lifetime because  they associate with each other again
in the desalting  compartment. Therefore, the OH- ions produced between the
ion exchange resin and the ion exchange membrane, especially  



between the cation exchange membrane and anion exchange  membrane are
effective for ionizing carbonic acid. As the  amount ratio of the anion
exchange resin is made higher, the  contact ratio of the anion exchange
resin to the cation exchange  membrane becomes higher, thereby the amount
of the OH- ions  to be produced increases. As a result, the ionization
reaction of  carbonic acid is promoted. [00181 As the amount ratio of the
anion exchange resin  increases, the amount of OH- ions to be produced also
increases,  but the removing rate of Na+ ions is deteriorated because the
amount of H+ ions decreases, thereby the treated water is  deteriorated in
resistivity. [00191 In JP2003-126862A, Na leakage is prevented by  adopting
the structure of the electrodeionization apparatus in  JP2001-25647A above
referred (in which a desalting  compartment is divided into a plurality of
cells), which is  superior in the deionizing property. [Patent Reference 11
JP4-72567B  [Patent Reference 21 JP2001-25647A  [Patent Reference 31
JP2003-126862A [00201 As the concentration of carbonic acid increases in
water, the equivalent electrical conductance also increases in  accordance
thereto whereby the current density required for  



deionization becomes higher than that in conventional apparatuses. When the
anion exchange resin is filled in a  desalting compartment in a large
amount ratio, a voltage applied  between the electrodes should be higher
than when the anion  exchange resin is filled therein with an amount ratio
of 50%, in  order to make the current density high. When the anion
exchange resin is filled in the desalting compartment in an  increased
amount ratio, the cation resin is filled therein in a  decreased amount
ratio. When the volume ratio of the anion  exchange resin in the desalting
compartment is increased from  60% to 70%, pathway of ions via the anion
exchange resin  increases by about three times, but pathway of ions via the
cation exchange resin decreases to one tenth due to reduction of  cation
exchange resin ratio from 40% to 30%. [00211 As described above, as the
current density becomes  higher, the amount of H+ ions produced by the
dissociation of  water increases. Both Na+ ions and H+ ions move
competitively  via the cation exchange resin having the reduced pathway,
but  the pathway is occupied by H+ ions with priority due to a very  large
mobility thereof. As a result thereof, Na+ ions become  hard to move the
pathway, electrical resistance increases and  voltage applied to the
electrodes is increased. 



[00221 In case that anion exchange resin is filled in a  desalting
compartment merely in a large amount ratio like as  JP2003-126862, the
current density is not increased, resulting  that carbonic acid can not be
removed sufficiently and that  resistivity of treated water increases.
Since the rise of voltage  leads to the rise of electric power consumption,
it is  uneconomical. Summary of the Invention [00231 An object of the
present invention is to provide an  electrodeionization apparatus and an
electrodeionization method  which provide treated water having extremely
high purity and  low concentration of weak electrolytic anion with
sufficient  current density even when a voltage applied thereto is low.
[00241 An electrodeionization apparatus of a first aspect of  the invention
has a plurality of cation exchange membranes and  a plurality of anion
exchange membranes which are alternately  arranged between electrodes in
such a manner as to alternately  form desalting compartments and
concentrating compartments 10 and the desalting compartments, the desalting
compartments  being filled with ion exchange resins, water to be treated
being  introduced into the desalting compartments, concentrated water
being introduced into the concentrating compartments, and the  



ion exchange resins being a mixture of an anion exchange resin  and a
cation exchange resin, wherein a mixing ratio of the anion  exchange resin
to the total amount of the anion exchange resin  and the cation exchange
resin is 66 to 80 volume% at an upper  stream zone in each desalting
compartment and 50 to 65 volume% at a lower stream zone in each desalting
compartment.  [0025] An electrodeionization apparatus of a second aspect of
the invention has a plurality of cation exchange membranes and  a plurality
of anion exchange membranes which are alternately  arranged between
electrodes in such a manner as to alternately  form desalting compartments
and concentrating compartments  and the desalting compartments, the
desalting compartments  being filled with ion exchange resins, water to be
treated being  introduced into the desalting compartments, concentrated
water  being introduced into the concentrating compartments, and the  ion
exchange resins being a mixture of an anion exchange resin  and a cation
exchange resin, wherein a mixing ratio of the anion  exchange resin to the
total amount of the anion exchange resin 11 and the cation exchange resin
is 50 to 65 volume% at an upper  stream zone in each desalting compartment
and 66 to 80  volume% at a lower stream zone in each desalting compartment.
[00261 An electrodeionization method of a third aspect of the  



invention employs the electrodeionization apparatus of either the  first
aspect or the second aspect, and the apparatus is operated  at a current
density of 300mA/dM2or more. [00271 An electrodeionization method of a
fourth aspect of the  invention employs the electrodeionization apparatus
of either the  first aspect or the second aspect, and the apparatus desalts
water to be treated having a Na ion concentration of 300ppb or  more. Brief
Description of the Drawings [00281 Fig. 1 is an exploded perspective view
showing the  structure of a desalting compartment according to an
embodiment; Fig. 2 is a perspective view showing a main part of a
partition member; Fig. 3 is an exploded perspective view of the partition
member; Fig. 4 is a front view illustrating the water flowing 12 condition
of the partition member; Fig. 5a and 5b are perspective views showing a
ratio  of anion exchange resin in a desalting compartment; Fig. 6 is an
exploded perspective view showing an  electrodeionization apparatus
according to the conventional one. 



Detailed Description of the Preferred Embodiments [00291 When an
electrodeionization apparatus has an area in  which a ratio of anion
exchange resin is 66 to 80 volume% in an  upper stream zone or a lower
stream zone in a desalting  compartment, weak electrolytes are sufficiently
removed in this  area. [00301 The electrodeionization apparatus of the
first aspect  has the desalting compartment filled with the ion exchange
resin.  The lower stream zone near the exit of the desalting  compartment
is filled with the ion exchange resins, 50 to 65  volume% of which is anion
exchange resin. In this lower stream  zone, water is easily dissociated
(hereinafter sometimes referred  to "split"). Cation exchange resin in this
zone has enough  pathway to sufficiently move both H ions and Na ions
produced  by split in the first aspect, so that Na leakage is prevented and
current density is increased without voltage rise. 13 [00311 The
electrodeionization apparatus of the second aspect  has the desalting
compartment filled with the ion exchange resin.  The upper stream zone near
the inlet of the desalting compartment is filled with the ion exchange
resins, 50 to 65  volume% of which is anion exchange resin. In this upper
stream zone, Na ions are removed at a high rate so that the  



amount of Na ions flowing down to the lower stream zone is  reduced. Hence,
Na leakage is prevented, moving load of Na  ions is reduced, and current
density is increased without voltage  rise. [00321 Hereinafter, embodiments
of the present invention  will be described with reference to the attached
drawings. Fig. 1  is an exploded perspective view showing the structure of
a  desalting compartment according to an embodiment, Fig. 2 is a
perspective view showing a main part of a partition member, Fig.  3 is an
exploded perspective view of the partition member, and  Fig. 4 is a front
view illustrating the water flowing condition of  the partition member.
[00331 The desalting compartment has a rectangular frame  20, a partition
member 21 and disposed in the frame 20  preferably having conductivity, an
ion exchange resin 23 filled in  cells 22 formed by the partition member
21, an anion exchange 14 membrane 24 and a cation exchange membrane 25
which are  disposed to sandwich the frame 20. [00341 The frame 20 is
provided with a flow inlet 26 for  introducing raw water to be treated and
a flow inlet 27 for  concentrated water in an upper portion thereof and
with a flow  outlet 28 for desalted water and a flow outlet 29 for
concentrated  



water formed in a lower portion thereof. The flow inlet 26 and  the flow
outlet 28 are connected to the inside of the frame 20  through a notch-like
channels 26a, 28a, respectively. [00351 Though only one channel 26a is
illustrated to  communicate with only the left top cell in Fig. 1, actually
a  plurality of channels 26a are formed in the upper portion of the  frame
20 to uniformly distribute the raw water into the  respective top cells
aligned in the lateral direction, that is, the  channels 26a directly
communicate with the respective top cells.  In the same manner, though only
one channel 28a is illustrated  to communicate with only the right bottom
cell in Fig. 1, actually  a plurality of channels 28a are formed in the
lower portion of the  frame 20 so as to directly communicate with the
respective  bottom cells. [00361 The partition member 21 according to this
embodiment is in a honeycomb form of a hexagonal shape in 15 which a large
number of cells are arranged in vertical and lateral  directions in such a
manner that a pair of sides of each cell 22  extend in the longitudinal
direction of the frame 20, i.e. in the  vertical direction. [00371 The
partition member 21 may be previously formed as  an integral part or may be
formed by combining a plurality parts.  



For example, as shown in Fig. 3, the partition member 21 may be  formed by
connecting vertical surfaces 31 of zigzag plates 30 as  shown in Fig. 3.
Each zigzag plate 30 comprises inclined surfaces 32, 33 which are connected
at an angle of 120' with the vertical  surfaces 31. To connect the vertical
surfaces 31, adhesives may  be employed. The zigzag plate 30 is made of
material which is  permeable to water but not permeable to ion exchanger,
e.g.  woven fabric, non-woven fabric, mesh, and porous material. The
zigzag plate 30 is preferably formed to have rigidity by using  synthetic
resin or metal having acid resistance and alkali  resistance. The vertical
surfaces 31 may be permeable or not  permeable to water. [00381 The
partition member 21 may be fitted in the frame  20. The frame 20 may be
provided with a water permeable sheet  or a mesh attached to one side
thereof and the partition member  21 may be bonded to the sheet or the
mesh. 16 [00391 The other structure of the electrodeionization  apparatus
according to the embodiment is the same as that of  the aforementioned
conventional one of Fig. 6. [00401 When the desalting operation is
conducted by passing  raw water through this electrodeionization apparatus,
the raw  water introduced into the desalting compartment flows through  



the partition member 21 surrounding each cell 22 so as to flow  into
adjacent cells 22 and thus gradually flows downwardly.  During this, the
water is deionized. Finally, the water reaches  the bottom of the desalting
compartment and flows out to the  flow outlet 28 through the channels 28a.
Through the flow outlet  28, the water is took out from the
electrodeionization apparatus  as the desalted water. [00411 The general
direction of water in the desalting  compartment is a downward vertical
direction because the  channels 26a for introducing raw water exist at the
top of the  frame 20 and the channels 28a for taking out the desalted water
exist at the bottom of the frame 20. The partition member 21 at  upper
portions and lower portions of the respective cells is  inclined relative
to the general direction of water, so that the  water flows obliquely and
downwardly from one cell 22 into the  lower left cell 22 and the lower
right cell 22. Therefore, the water 17 flows substantially uniformly to all
cells 22, thereby improving  the contact efficiency between the water and
the ion exchanger.  [00421 In this desalting compartment, since the cells
22 are  relatively small, the downward pressure applied to the ion
exchange resin in each cell by the self weight of the ion exchange  resin
and water pressure is low. Therefore, the ion exchange  



resin is not compressed in any of the cells 22, thereby preventing  the ion
exchange resin from being partially compressed at the  lower portion of the
cells. [00431 Employed as the ion exchanger to be filled in the cells  22
is a mixture of an anion exchange resin and, a cation  exchange resin. The
desalting compartment has a first zone  containing anion exchange resin at
an extremely high ratio and a  second zone containing anion exchange resin
at an equal or  slightly high ratio, so that the first zone is sometimes
referred to  "highly excessive zone" of anion exchange resin, and the
second zone "slightly excessive zone" of anion exchange resin hereinafter.
The highly excessive zone has a mixing ratio of the anion  exchange resin
to the total amount of the anion exchange resin  and the cation exchange
resin of 66 to 80 volume%, preferably 70  to 80%, and the slightly
excessive zone has a mixing ratio of the  anion exchange resin to the total
amount of the anion exchange 18 resin and the cation exchange resin of 50
to 65 volume%.  [00441 In the first aspect, as shown in Fig.5a, the highly
excessive zone is located in the upstream side in the desalting
compartment, and the slightly excessive zone is located in the  downstream
side in the desalting compartment. [00451 In the second aspect, as shown in
Fig.5b, the slightly  



excessive zone is located in the upstream side in the desalting
compartment, and the highly excessive zone is located in the  downstream
side in the desalting compartment. [00461 In both aspects of Figs.5a and
5b, the boundary B  between the highly excessive zone and the slightly
excessive zone  is preferably located in the range of 25 to 75%, especially
40 to  60% away from the inlet of the desalting compartment in an  average
flow direction in the desalting compartment (in a  direction from the top
to the bottom in Figs. 5a and 5b). [00471 When the ratio of anion exchange
resin in the highly  excessive zone is lower than 66 volume%, the amount of
OH- ions produced by water dissociation is insufficient and carbonic  acid
is ionized to bicarbonate ion at an insufficient rate, thereby  removal
rate of the carbonic acid is decreased. When the ratio  of anion exchange
resin in the highly excessive zone is higher  than 80 volume%, removal rate
of cations including Na+ ions 19 decreases, thereby the concentration of
Na+ ion and the like in  the treated water is increased. When the ratio of
anion  exchange resin is in the range of 66 to 80 volume% in the highly
excessive zone, carbonic acid, Na+ ion and the like are  sufficiently
removed, and further ionization of silica, which is a  weak acid, is
promoted so that removal rate of silica is increased.  



When the ratio of anion exchange resin in the slightly excessive  zone is
lower than 50 volume%, anions tend to leak from this  zone. When the ratio
of anion exchange resin is higher than 65  volume% in the slightly
excessive zone, cations tend to leak from  this zone, thereby the effect of
the invention can not be obtained.  [00481 The desalting compartment may
have, between the  highly excessive zone and the slightly excessive zone, a
moderately excessive zone where a ratio of the anion exchange  resin is
between those in the highly excessive zone and the  slightly excessive
zone. The ratio of the anion exchange resin  may vary within the above
range in both the highly excessive  zone and the slightly excessive zone.
The ratio may be  increased or decreased continuously from the upstream
side to  the downstream side in each zone within the above range.  [00491
The apparatus according to the invention can be  operated at a current
density of 300mA/dM2 or more, for example, 20 300 to 1200mA/dM2, so that
treated water having a high  resistivity of 10M Q - cm or higher can be
produced even when  raw water to be treated has a Na ion concentration of
300ppb or  more, for example, 300 to 2000ppb. [00501 Though the cells are
hexagonal in Figs. 1 through 4,  the cells may be quadrangular e.g.
rhombic. The partition  



member may be a triangle-type partition member composed of  triangular
cell. The partition member may form cells having  other shapes. The
apparatus may have no cells, wherein the  apparatus has no partition
member. [00511 In the electrodeionization apparatus of the present
invention, the projected area to the ion exchange membrane of  the cells is
preferablyl to 100 CM2, particularly 5 to 80CM2,more  particularly 10 to
50CM2. The distance between a pair of the  anion exchange membrane and the
cation exchange membrane  via the desalting compartment i.e. the thickness
of the desalting  compartment is preferably 1.5 to 15 mm, particularly 3 to
10 mm.  As the size of the cells is reduced, the amount of the ion
exchanger to be filled in one cell is reduced so that the  fluidization of
the ion exchanger is restrained. In addition, the  strength of the
partition member and the strength of the  desalting compartment are
increased. However, the pressure loss 21 of the water flowing in the
desalting compartment is increased.  [00521 The concentrating compartment
in one aspect may  have a thickness of 0.3 to 1 mm and may be provided with
a  spacer of 20 to 60 meshes therein. [00531 The particle diameter of the
ion exchange resin is  preferably 0.1 to I mm, particularly 0.2 to 0.6 mm.
Accordingto  



a preferable way of filling the ion exchanger, the ion exchange  resin
corresponding to 100 to 140 % of the volume of the cells are  introduced
into the cells and, after that, the cells are sandwiched  between the ion
exchange membranes so as to precisely fill the  ion exchange resin in the
cells. [00541 According to another way of filling the ion exchange  resin
in the cells, after the ion exchange resin is filled in the cells  and the
ion exchange membranes are disposed on the opposite  sides of the desalting
compartment, raw water is supplied to  swell the ion exchanger inside the
cells and, after that, the  frames and the membranes are tightened up such
that the  volume ratio becomes 100 to 102%. [00551 The concentrating
compartment in another aspect  may be filled with ion exchange resin. The
concentrating  compartment filled with an ion exchange resin allows
electric  current to easily pass the inside thereof and intensifies 22
turbulence of water inside thereof, thus improving the efficiency  of
electric current. As the same manner in the desalting  compartment, a
partition member may be arranged in the  concentrating compartment to form
a plurality of cells therein  and an ion exchange resin may be filled in
the respective cells.  [00561 Normally, acid anode water passed through the
anodic  



compartment is introduced to the cathodic compartment and  neutralized
therein, because the cathodic compartment is  generally alkaline. The
neutralization lowers the conductivity  and partially increase the voltage
of the cathodic compartment,  so that scales are easy to form. Therefore,
it is preferable to  employ as the cathode a mesh electrode, a non-woven
fabric  electrode, or a combination thereof because such an electrode has
a large electrode area, thereby lowering the current density on  the
electrode surface and thus preventing precipitation of scales.  [00571 For
operating the electrodeionization apparatus of the  present invention, it
is preferable to circulate concentrated water  and to control the
circulated water so as to have an ion  concentration 5 to 40 times higher
than the feed water. In this  case, it is preferable to electrically
separate and discharge  hardness i.e. scale ingredients in the concentrated
water so as to  make the Langelier Index in the circulated water negative.
A 23 weak acid ion exchange resin may be used for removing hardness
elements. Examples and Comparative Examples [00581 Hereinafter, Examples 1
and 2, Referential Examples  1 and 2, and Comparative Examples 1 and 2 will
be described.  [00591 An electrodeionization apparatus used in Examples  



and Comparative Examples has desalting compartments having  a structure as
shown in Figs. I to 4, and concentrating  compartments having three ribs
extending vertically therein,  respectively. [00601 The desalting
compartments and the concentrating  compartments have a width of 130mm and
a height of 400mm,  respectively. The desalting compartments have a
thickness of  5mm, and the concentrating compartments have a thickness of
2.5mm. [00611 The apparatus has three desalting compartments and  four
desalting compartments, and they are alternately arranged  as shown in
Fig.6. As shown in Fig.6, electrode compartments  are located on the
outsides of both the concentrating compartments which are located at the
outest sides, respectively.  Raw water is introduced into each
concentrating compartment to 24 flow therethrough as concentrated water.
The water  counterflows in each concentrating compartment relative to each
desalting compartment by one pass. [0062] Cells in the desalting
compartment are hexagonal as  shown in Figs.1 to 4. The length of one side
of each hexagon is  16.1mm. The vertical wall portions of the partition
member  forming each cell are made of polypropylene, and the slantwise  



mesh portions thereof are made of polyester. [0063] The cells of each
desalting compartment was filled  with a mixture of an anion exchange resin
and a cation exchange  resin. Mixing ratios of the anion exchange resin and
the cation  exchange resin were as follows. In Examples 1 and 2, the
boundary B was located at the middle of the desalting  compartment in the
vertical direction. In Comparative  Examples 1 and 2, and Referential
Examples 1 and 2, the mixing  ratio of the anion exchange resin and the
cation exchange resin  was uniform throughout the desalting compartment.
Example 1 upper stream zone:75% lower stream zone:60%  Example 2 upper
stream zone:60% lower stream zone:75%  Comparative Example 1, Referential
Examples 1 and 2 70%  Comparative Example 2 60% [0064] Each concentrating
compartment was filled with a 25 mixture of the anion exchange resin and
the cation exchange  resin in which the mixing volume ratio was 4: 6. Each
electrode compartment was filled with the cation exchange resin.  [00651
Other operation conditions were as follows: Raw water: Water prepared by
treating city water  with a reverse osmosis membrane, having a
concentration of  carbonic acid of 18MgCO2/L, a concentration of Na ion of
760ppb  



(11 Oppb in Referential Example 1) and a conductivity of 10 A S  /cm (1 p
S/cm in Referential Example 1). Flow rate in the desalting compartment
:190L/h  Flow rate in the concentrating compartment :40L/h  Voltage: 20V
Current: 4A Current density: 800mA/dM2 (200mA/dM2in  Referential Example 2)
Current efficiency: 20% [00661 The qualities of treated water thus obtained
are  shown in Table 1. According to Table 1, by providing a highly
excessive zone of the anion exchange resin in the upper zone or  the lower
zone of the desalting compartment and a slightly  excessive zone of the
anion exchange resin in the opposite zone of  the same desalting
compartment, carbonic acid was removed 26 without increasing voltage even
when the apparatuses were  operated at a current density of 800mA/dm2 to
treat the raw  water having a concentration of Na ion of 300 ppb or more.
[0067] According to Referential Example 1 in which the raw  water had a low
concentration of Na ion, the raw water having a  good condition did not
cause increase of voltage. According to  Referential Example 2, in which
the current density was low  



when the treatment was executed, the low current density did  not cause
increase of voltage. [0068]  [Table 1] Ratio of
AnionConcentrationCurrentIncrease Nexchange resinf N densitfResistivity i o
o.a yo on upperlowertotal[ppb][nA/dm2]VoltageM cm] 20cm20cm Example
175%60%68%760800none12.8 Example 260%75%68%760800none14.5 Comparative
Example 170%70%70%760800increase14.7 Referential Example
170%70%70%110800none15.2 Referential Example 270%70%70%760200none7.8 



Comparative Example 260%60%60%760800none3.4 27 What is claimed is: 1. An
electrodeionization apparatus comprising:  a cathod; an anode;
concentrating compartments and desalting compartments  alternately formed
by arranging a plurality of cation exchange  membranes and a plurality of
anion exchange membranes  alternately between the cathode and the anode,
water to be  treated being introduced into the desalting compartments,
concentrated water being introduced into the concentrating  compartments;
and ion exchange resins filled in the desalting compartments,  said ion
exchange resins being a mixture of an anion exchange  resin and a cation
exchange resin, wherein when a mixing ratio of the anion exchange resin  to
the total amount of the anion exchange resin and the cation  exchange resin
is expressed as A volume% at an upper stream  zone in each desalting
compartment and expressed as B volume% at a lower stream zone in each
desalting compartment,  A is 66 to 80 and B is 50 to 65; or 



A is 55 to 65 and B is 66 to 80. 2. The electrodeionization apparatus as
claimed in claim 1, 28 wherein A is 66 to 80 and B is 50 to 65. 3. The
electrodeionization apparatus as claimed in claim 1,  wherein A is 50 to 65
and B is 66 to 80. 4. An electrodeionization method for deionizing water
with  using the electrodeionization apparatus of claim 1. 5. An
electrodeionization method as claimed in claim 4,  wherein the
electrodeionization apparatus is operated at an  electric density of 300mA
or more. 6. An electrodeionization method as claimed in claim 4,  wherein
the electrodeionization apparatus treats the raw water  to be treated
having a Na ion concentration of 300ppb or more. 29 


