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1 DESCRI PTI ON TI TLE
OF THE | NVENTI ON METHOD AND APPARATUS FOR PRODUCI NG DEI ONI ZED
WATER 5 TECHNI CAL FI ELD The present

i nvention rwodmmassso a net hod and an appar atus for PCRIRITDGRES

dei oni zed water, which are useful for producing pure water or
ultrapure water useful for t he production of pharmaceuticals or

sem conductors or 10 water for boilers for power generation.

BACKGROUND ART As a method foid producing deionized water, it is
common to enploy a nethod of obtaining deionized water by passi ng
water to be treated through a packed bed of ion 15 exchange resins so
that inpurity ions are renoved as adsorbed on the ion exchange resin.
Here, it is common to enpl oy REREREBEIGN regenerating the ion

exchange resin havi ng |ts adsorblng abilit& | oner ed, by neans of an
acid or al kali. However, problemthat a 20
waste liquid of t E'ﬁi e

di scharged. Ther W g‘@ef‘ﬁ%@w%% 5’%@8 GcCl ngE&gﬁgg?? g&&gﬁer whi ch

requires nﬁ such regener at i Opphgn#EfH 'F&r,pFr OM such a vi ewpoi nt, an
attention Has been drawn in recentyears to a self-

The present invention relates to a method and an
apparatus for producing deionized water, which are useful
for producing pure water or ultrapure water useful for
the production of pharmaceuticals or semiconductors or

10 water for boilers for power generation.
BACKGROUND ART

As a method for producing deionized water, it is
common to employ a method of obtaining deionized water by
passing water to be treated through a packed bed of ion

15 exchange resins so that impurity ions are removed as
adsorbed on the ion exchange resin. Here, it is common
to employ a method of regenerating the ion exchange resin
having its adsorbing ability lowered, by means of an acid
or alkali. However, such a method has a problem that a

20 waste liquid of the acid or alkali used for the
regeneration, is discharged. Therefore, a method for
producing deionized water which requires no such
regeneration is desired. From such a viewpoint, an
attention has been drawn in recent years to a self-

25 regenerating type electrodialytic deionized water
producing method wherein ion exchange resins are used in

combination with ion exchange membranes. This method is



25 regenerating type electrodialytic deionized water pr oduci ng net hod

wherein ion exchange resins are used in conbi nation with ion exchange
menbranes. This nmethod is WD 97/ 34696

PCT/ JP97/ 00896 2 a nmet hod wherein a
m xture of SOewB4ess exchange resin and a cation exchaamyaraieese i s
packed in dem nerali zing conpartnents of an el ectrodi al yzer havi ng

ani on exchange menbr anes and cati on exchange nenbranes alternately 5

arranged, and while supplying water to ?e treated to the
deff neral i zi ng conpartnents, a voltage i‘s applied to arry out
el ectrodi al ysis to produce delonlzed wat e this netho

common that  t He Befihad whargtn e HiFsurh of 'an a”b%é’t“ E?Sﬁﬁ??‘ﬂ%ﬁeﬁ’é‘ aia !
accommodated in the dem neral n rd, there have
been dra\/\backlsatcf?oﬁ"%gxcgangj%é?? 1&%%@‘??&’%”?8}“2%}\3%% %sins to \c/)ne
anot her or LG gtgh&s £366REBAE ARl gwﬂgtaﬁmprgm@ége

menbr anes, is I n equat e IS atterrp e I ncrease the
thi ckness of t&kﬁnﬂ?é}@f@hhél@&@ﬁﬁ%ﬁﬁﬂ@é&nwﬁan@e abdeesatidly ef fective

menbrane area, electrical resi stance tends to increase. As a
met hod for sovedanged,t bedewitilavsapplying water to bbetregteshdzedheo prevent
the increase of the resistance by adjusting the width of each

deni ner al i zi nfemimeralizing cmpagtaentgela glolitagm aporPPHedh L 0 10. 16 cm

f rom about
( carry out electrodialysis to produce deionized watex. 1In

this method, it is common that the ion exchange resins in
a wet condition are accommodated in the demineralizing

10 compartments, whereby there have been drawbacks that the
contact among the ion exchange resins to one another or
between the ion exchange resins and the ion exchange
membranes, is inadequate, and if it is attempted to
increase the thickness of the mineralizing compartments

15 to reduce the effective membrane area, electrical
resistance tends to increase.

As a method for overcoming these drawbacks, it has
been proposed to prevent the increase of the resistance
by adjusting the width of each demineralizing compartment

20 to a level of from about 0.762 to 10.16 cm {from about '
0.3 to 4 inches) and the thickness to a level of from
about 0.127 to 0.635 cm {(from about 0,05 to 0.25 inch) in
JP-i - 4~72567 and JP-B—6-20513. However, this method has
had drawbacks that since the thickness of the

25 demineralizing compartment is thin, it is difficult to
pack the ion exchanger into the demineralizing

compartment, and the amount of water produced per unit



0.3 to 4 inches) and the thickness to a |level of from about 0.127 to
0.635 cm (from about 0.05 to 0.25 inch) in JP-[err]-4-72567 and

JP- B- 6- 20513. However, this nmethod has had drawbacks that since the

t hi ckness of the 25 demneralizing conmpartment is thin, it is difficult
to pack WO¥346% exchanger into the denineralizing PCTERBAPent |
and the anount of water produced per unit WO 97/ 34696

PCT/ JP97/ 00896 3 area is small.

Dl SCLOSURE OF | NVENTI ON It is an object of the present invention
to provide a novel apparatus for producing deionized water whereby,

I n 5 a self-gfggqﬁiq&kﬂg type el ectrodialytic deionized water
produci ng appar at us erein'ion exchangers and ion exchange nenbr anes

are used in conbination, the i N6SASSESURE OF RvENEEdN i cal resistance is
small.even if the thickness of a demneralizing conpartment is nmade
thick, and pure 10Itvid em ohjebt ebrdieapregenbt mivertionetoaptonpdees i od of
time without the above-nentioned drawbacks of the prior art, and to
provi de a met howovek anpsdathagferinnedredng deionjmest wayensvimgrebsch ian

appar at us. The gresent invention provides an apparatus for 15
produci ng ddi ont A&} fvHeIEPEEAbING itYPeaRlRFEERSIANYRip, dpionized (vatiary cati on

exchange ”E”br%ﬂ?éh&%%%gaQLBQrgéﬁP%&%%ein ion exchangers and ion

exchange membranes are used in combination, the increase

of electrical resistance is small even if the thickness
of a demineralizing compartment is made thick, and pure

10 water cad be constantly obtained over a long period of
time without the above-mentioned drawbacks of the prior
art, and to provide a method for producing deionized
water by using such an apparatus.

The present invention provides an apparatus for

15 producing deionized water comprising an electrodialyzer
having cation exchange membranes and anion exchange
membranes alternately arranged between a cathode and an
anode to form demineralizing compartments and
concentrating compartments, and ion exchangers

20 accommodated in the demineralizing compartments, wherein
a pressure of from 0.1 to 20 kg/cm? is exerted between
the ion exchangers accommodated in the demineralizing
compartments and the cation exchange membranes and anion
exchange membranes defining the demineralizing

25 compartments.

BRIEF DESCRIPTION OF DRAWINGS

Figure 1 is a view illustrating a method for



menbranes alternately arranged between a cathode and an anode to form
dem neralizing conpartnents and concentrating conpartnents, and ion
exchangers 20 accomodated in the dem neralizing conpartnents, wherein

a pressure of fromO0.1 to 20 kg/cnferr] is exerted between the ion
exchangers WcAn@dated in the dem neralizing conpar PREMIZOMWAY t he
cation exchange nenbranes and ani on exchange nenbranes defining the
dem neralizing 25 conpartnents. BRI EF DESCRI PTI ON OF
DRAW NGS Figure 1 is aviewillystrating a method for WO
97/84696 PCT/ JP97/ 00896
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cont ai ner wal | .™ a View i ustrta

of an el ec i HekZ@h1ysed in Test Exanple. 5 Figure 3 is a
schemati c ViEM/%éé%ﬂﬁﬂ%gi ng an enbodi nrent of a self-regenerating type

el ectrodial ytic Figifeanaiysa view illustrgtimy 4hieS consteretidnisdf ating an
apparatus used for nmeasuring the pressure forned by supplying water to
a 10 dried i ;an exXicvazgdialyzeixauspllesn Test Exampliegure 5 is a view

Il lustrating an enbodi nent of a porous body of ion exchange resins
wher ei n por gus cat iBigure 3 iR AeheRasichukeerilinedratipe @B ranged in a

sea-1 sl and embodiment of a self-regenerating type electrodialytic

apparatus.

Figure 4 is a view illustrating an apparatus used for
measuring the pressure formed by supplying water to a

ip dried ion exchanger in Examples.

Figure 5 is a view illustrating an embodiment of a
porous body of ion exchange resins wherein porous cation
and anion exchanger sheets are arranged in a sea-island
pattern {as used in Example 3).

15 Pigure 6 is a view illustrating an embodiment of a
porous body of ion exchange resins wherein porous cation
and anion ion exchanger sheets are arranged in a multi-
layer pattern (as used in Example 4).

BEST MODE FOR CARRYING OUT THE INVENTION

20 In the present invention, the ion exchanger may have
its state preliminarily changed and then put into the
demineralizing compartments of the electrodialyzer, or
may be put into the demineralizing compartments and then
have its state changed. In this specification, the state

25 of the ion exchanger will hereinafter be described by
using the following terms. Namely, the term "operation

state” means a state where the ion exchanger is



pattern (as used in Exanple 3). 15 Figure 6 is a viewillustrating an

enbodi nent of a porous body of ion exchange resins wherein porous
cation and ani on i on exchanger sheets are arranged |n a multi-

| ayer pattern (as used in Exanple 4). MODE. FOR CARRYI NG
OUT THE | NVERR %4690 In the present invention, the i B IR yer may
have its state prelimnarily changed and then put into the

demi neral i zing conpartments of the el ectrodial yzer, or may be put into
t he dem neralizing conpartnents and then s have its state changed. In

this specification, the state 25 of the ion exchanger will hereinafter be
descri bed by § ol gﬁ%@* r g operation
state" nmeans a satcct%%v\ggéggt e tihg\rll\ﬁ%g%: %ﬁ%ruwgng&{pag %7%268%

PCT/ JP97/ 00896 yged for electrodialysis, and it is i® equilibdGaAmwReated in

the demi neralizing conpartments and is used for electrodialysis, and
it is in equiliheuenwitbnment forheperatiomnefthef bermjwhatinked Shatétrm
" "shrinked state" means a state where the apparent volune of the ion

5 exchanger ismeansnaestage men&moﬁ’?ﬁfﬁﬁé vetyme fafedhe ion state" means

a state where the ion exchange g br|un1mnth“th
envi ronnment Bor S¥SBRASEHNLS 1p§ed bl’ sque Bethod r e it Sﬂnonf’c')?et he

dem ner 112109 YR UENE o senes, ord W LB RS ER LA™ L1

t hi ckness of ea I Ng conpar sua
cm equilibrium with the environment for operation, but is

free from restriction by the demineralizing compartments:
In the present invention, the thickness of each
1p demineralizing compartment is usually at least 0.2 cm,
preferably at least 0.7 cm. If the thickness of the
demineralizing compartment is less than 0.2 cm, the
effect of reducing the effective membrane area tends to
be indistinct, and it tends to be difficult to pack the
15 ion exchanger therein. On the other hand, if its
thickness exceeds 80.0 cm, the effect of reducing the
effective membrane area is large, but the increase of
electrical resistance tends to be large, such being
undesirable. It is particularly preferred that the
20 thickness of the demineralizing compartment is within a
range of from 1.1 to 30.0 cm, whereby the increase of the
resistance is small, and the effect of reducing the
effective membrane area is large.
The pressure formed between the ion exchangers
25 accommodated or packed in the demineralizing compartments
and the cation exchange membranes and anion exchange

membranes defining the demineralizing compartments, is



preferably at least 0.7 cm |If the thickness of the dem neral i zi ng
conpartnent is less than 0.2 cm the effect of reducing the effective
menbrane area tends to be indistinct, and it tends to be difficult to
pack the 15 ion exchanger therein. On the other hand, if its

t hi ckness ex¥&5384490. 0 cm the effect of reducing the PCEARI%008P6/ e
menbrane area is large, but the increase of el ectrical resistance
tends to be large, such being undesirable. It is particularly
preferred that the 20 thickness of the gdem neralizing compartnment is
within a range of from1l.1 to 30.0 cm whereby the increase of the

area i large. aduseédwleRiss Ehed iof it Btncth 1049/ cxchirin o 25
accommodat ed o pagkgd. | & e /25 OURE AIRALS o v @%A he

cation exchange ranes and ani on exc ranes d rning the

dem neral i zi ng EQEﬁﬁﬁéé@”ﬁé%tlbies to onéNQnQZﬁgﬂagp between the ion
PCT/ JP97/ 00896 adjusted within a range of fromO0.1 to 20

kg/cnferr]. |If gRe€hangers Rindsshécisrs dmxhantybanefbdaneay andsrto bée cont act
of the ion exchanger particles to one another or between the ion

exchangers amd anadeqnatguzwangebymgﬁnqnnagaﬁenquazanng isslikelyletpiat e,

whereby electrigal resistance js |ikely t i ncrease 8r a short path
of water to be LPELgase,; Or a short path of water to be Freated is

likely to form and the purity of the resulting water
tends to be low, such being undesirable. On the other
hand, if the pressure exceeds 20 kg/cm?, the contact of

10 the ion exchange resin particles to one another or
between the ion exchangers and the ion exchange membranes
will be adequate, but the amount of water treated tends
to decrease, and the ion exchange membranes used, are
likely to be damaged by the pressure. The above pressure

15 is preferably from 0.5 to 10 kg/cm?, more preferably from
0.8 to 2 kg/cm?.

In the present invention, the pressure may be formed
between the ion exchangers packed in the demineralizing
compartments and the ion exchange membranes preferably in

20 such a manner that (1) the ion exchangers to be
accommodated in the demineralizing compartments are
converted to a form having their volume reduced smaller
than the volume of their regenerated form and then packed
in the demineralizing compartments in an amount such that

25 the volume of the regenerated form of the ion exchanger
in a free state would be larger than the volume of the

demineralizing compartments, followed by supplying water



likely to formand the purity of the resulting water tends to be | ow,
such bei ng undesirable. On the other hand, if the pressure exceeds 20
kg/cnferr], the contact of 10 the ion exchange resin particles to one

anot her or bet ween the ion exchangers and the ion exchange nenbranes
will be adeqW®%B4836it the armpunt of water treated tends FPCTOPYW®E; case,
and the ion exchange nenbranes used, are likely to be danaged by the
pressure. The above pressure 15 is preferably fromO0.5 to 10 kg/cnferr],
nore preferably from 0.8 to 2 kg/cnlerr]. In the present

I ngention, the pressure may be forned bet ween the ion exchangers

acked in the dem_nerali zj conpar t nent s, and e .i.on.exchange
ﬁenbranes preferaé'gl Fop ‘_’Ctzg‘%s_l%‘he&eﬁgﬁ rcutrﬁﬁf’t({l]? H}% t'1x"(?n"8§3changers to be
accommodat ed 'n.e&%ﬁapgm n&gaggegiﬁﬁ@% TRO! oRifie thered nygrted to a

ne reduced s er t

form.having theit Vo ma an the volanme of their

regenerat ed for npapdablethegreRdure, or N A)hehdefdneddtanigey senpartments in
an amount such that 25 the volune of the regenerated formof the ion

exchanger iaccamhodsted dire theudeninedadigéngt tempatiaenskunandftidre

dem neralizing conpartnents, followed by supplying water WO 97/ 34696
PCT/ JP97/ 00856 the volume of the demineralizing compartments 48d conducting an

el ectric current tgaketaffnagé%%ced to fﬁg@@gggeghgx ;ggjdgg.increase t he
vol ume thereby tfceranically 8

In the above manner (1), it is preferred that the ion
exchanger is packed in the demineralizing compartments in
an amount such that the volume of the ion exchangers in

10 the regenerated form in a free state would be from 103 to
170% relative to the volume of the demineralizing
compartments. If this amount is less than an amount for
a free state volume of 103%, the contact of the ion
exchangers tend to be poor. On the other hand, if the

15 amount exceeds an amount for a free volume of 170%, the
contact will be good, but the pressure loss in passing
water through the ion exchangers tend to be large, such
being undesirable. Among them, it is particularly
preferred that the amount of the ion exchangers are such

20 that the free state volume would be from 11l to 150% of
the volume of the demineralizing compartments.

As a method for reducing the volume of the ion
exc.anger to a level smaller than the volume of its
regenerated form, {i) a method of reducing the water

25 content by drying, (ii) a method of changing the counter
ion to an ion species for other than the regenerated form

to convert the ion exchanger to a loaded form, or (iii) a



I ncrease the pressure, or (2) the ion exchanger is accomodat ed in
the dem neralizing conpartnents, and then 5 the volune of the

dem neralizing conpartnments is mechani cal |y reduced to increase the
pressure. In the above manner (1), it is preferred that the ion
exchanger | VQI6Y in the denineralizing conpartnents i nPCTAPIT008%6 onpunt
such that the volume of the ion exchangers in 10 the regenerated formin

a free state would be from 103 to 170% rel ative to the volune of the
dem neral i zi ng conpartments. If thys anount is |ess than an anount
f or- a free state volune of 103% the contact of the ion

exchangers tend hand, if I gRunt exceeds

or. On th N
an armount for 5‘#88@%‘@&%’31‘“&7&/?1{% excbahg%{)nytﬂén v]c\’nélgﬁgﬁe good, but
the pressure | 933 oble PASY 19¥0vent sullE¥urliBnougly I ddfi sepelangers tend to

0
be | arge, such bei'ng undesirabl e. Anpbng em it 1s particularly

preferred that ghb vgffptwtme%ohheof Ods 1 RO AEEhAd o) SUGd 28e MbBBhod he free
state vol ume woul e from1lll to 150% of t he vol ume of the

deni ner al i zi ng (§QYP&H t BMiRnation, is preferxedptsimbd dit maduceadilpe vol ume
of the ion exchanger to a level smaller than the volune of its
regener at eds f obm applied dowrespectivenfcithe khad\ex &trupturgonf ke by
drying, (ii) a, nethod of chan an i eci es

i.ng t he counter ., ion to n s
for ot her than19ﬁee¥ﬁﬁﬁﬂﬁ§Fatégdfﬁb?nv°1“metSEEBﬁ%%ﬁqgtﬁﬂ?“PGnlﬁxgﬁﬁ% ®r to a

::%?—?\?ggl;?(r)g]gggr (1 M’ngnathe watervpoz?géﬂ?\flqgs(s to be reduced by drying, it

is preferred to reduce the water content (weight) to a
level of from 1 to 30%. If the water content is less

10 than 1%, it takes a long time for drying, such being
undesirable. If the water content is larger than 30%,
the effect for increasing the volume by supplying water
and conducting an electric current tends to be small,
such being undesirable. It is particularly preferred

15 that the water content is from 5 to 15%, whereby drying
will be easy, and the effect for increasing the volume by
supplying water and conducting an electric current will
be large. As the type of the counter ion during drying,
a Na type is preferred for a cation exchanger, and a Cl

20 type is preferred for an anion exchanger, since such type
is thermally stable. The drying temperature is
preferably from 30 to 80°C. If it is lower than 30°C, it
takes a long time for drying, and if it is higher than
80°C, the ion exchange groups tend to decompose, such

25 being undesirable.

In the case of a method of changing the counter ion

to an ion species for other than the regenerated form to



8 met hod of inmmersing the ion exchanger in an organic sol vent for
sol vent substitution, may be nentioned. However, a nethod for using

t he net hod (i) and the net hod (ii) in conmbination, is preferred, since
it can readl be applied irrespective of the kind OrpébhH%&H&F of the
I on exchang@' t he vol une decreasing amount is |arge. When t he
wat er cont ent |s to be reduced by drying, it Is preferred to reduce
the water content (weight) to a | evel of from1l to 30% If the water
content is less 10 than 1% it takes a@long tine for drying, such being
undesirable. If the water content is |larger than 30% the effect for

I ncreasing t he cugbepe é?ﬁé IWBPEXERENYE ¥o a loaddlll FYMlUGt NaJt@peelectric

current tends to be snal such being undesirable. It is particularly

preferred 15 prlagkrid® fmt ar capivendxdhangepména a %typeeieby drying
will be easy, and the effect for increasing the volune by suppl yi ng
wat er and conduwefagweﬂ1ﬂ@keenranlqnnexﬂh?nﬂﬁt} as menfddngdgsbove. t s t ype of

the counter ion durlng drying, a e is preferred for a cation
exchanger, and®&bef %SPF%ESrsad?émBeréa g %?g%fnllﬁnpéﬁgﬂﬁﬁﬁ%rf"‘sl nce
U IDE 5. oft SoELH BBEbRRRAEDl g e R SIS B Bt s oy
S vagos oroues FEN s JECRHrdirdt b MBI excpappll e S wie 1o
the case of a wekpast ofa chabghe borf b GAUBYPE, it bivaleh® 8P hiyhexpeci es for
ot her than the regenerated formto
valent counter ion such as a 80, type, is not preferred, -
since the conversion to a regenerated form tends to be
10 not easy.
In the above-mentioned method {2) wherein the ion
exchangers are packed in the demineralizing compartments,
and then the volume of the demineralizing compartments is
mechanically reduced to increase the pressure, it is
15 preferred to interpose a spacer which is shrinkable by
pressure between demineralizing compartment frames and
the ion exchange membranes, and exerting pressure from
outside to compress the spacer after packing the ion
exchangers, so that the volume of the demineralizing
20 compartments is reduced by from 5 to 60 vols. If the
reduced volume of the demineralizing compartments is less
than 5 vols, the contact of the accommodated ion
exchangers tend to be poor. On the other hand, if the
reduced volume of the demineralizing compartments exceeds
25 60 voly, the contact will be good, but the pressure loss

when water is passed through the ion exchanger tends to

be large, such being undesirable. As the material for
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9 convert the ion exchanger to a | oaded form a Na type is
preferred for a cation exchanger, and a C type is preferred for an
ani on exchanger, as nentioned above. As ot her ion species, a K type
or a Li typeW@%%M®ferred for 5 a cation exchanger, andFPQT/RIHOPEE ent
counter ion such as a NJerr] type is preferred for an anion
exchanger. In this respect, a Ca type or an Al type, or bivalent or
hi gher val ent counter ion such as g err] type, is not preferred,
since the conversion to a regenerated formtends to be 10 not easy.

In the above- nent icg‘gsglrge%ggg%g%a%%% g?ggesﬁeoencaﬁg thexchangers are

packed in the deit _ a _ A the volume of the
demi neral i zi ng %Hlig%%g&eha,lﬁolypmp RO35) R 1pktyednesdi § Opddiiradi§ the

pressure, it is preferred to i nferpose a spacér which i's shrinkabl e by

pressure betweererfayearal i zi ng conpartnent frames and the ion
exchange nenbranes, and exerting pressure from outside to conpress the
spacer after packi ngnt ltbei pnesent imvehsager sthedama&xchhagens e bef t he

dem neralizing 20 conpartnents is reduced by from5 to 60 vol% If the
reduced vol ufe ACORBodakedcintha S§mdpRpRtiHdIa SomparEments, maynafios vol %

th tact of th dat ed | h .tend to b . On th
other hand, i1 (REPIE: PEGTR AP SREHBREY THRATIeAPnIPHl PIFIPRRONORPF rent s

exceeds or a formed product thereof. Among them, an ion exchange

resin and a porous ion exchanger prepared by bonding ion
exchange resin particles with a binder polymer into a

106 sheet or a plate, are preferred from the viewpoint of the
ion exchange performance, durability, etc. Particularly
preferred is a porous ion exchanger sheet, since the
contact of the ion exchange resin particles in itself is
good, and it can readily be accommodated into the

15 demineralizing compartments.

The porosity of the ion exchanger as it is
accommodated in the demineralizing compartments, is
preferably such that the continuous porosity governing
passage of the liquid is at least 5 vols. If the

20 porosity is less than 5 vols, the flow rate of the liquid
decreases, and the pressure loss increases, such being
undesirable. It is particularly preferred that the
porosity is from 10 to 40 vols, since the water
permeation will be good, the demineralizing performance

25 will be excellent, and treated water with a high purity
can be obtained. This porosity is the value when the ion

exchangers are accommodated in the demineralizing



25 60 vol% the contact will be good, but the pressure |oss when

wat er i s passed through the ion exchanger tends to be | arge, such
bei ng undesirable. As the material for WO 97/ 34696

PCT/ JP97/ 00896 10 such shrinkabl e
spacer, a foXMIIBEEE of e.g. pol yet hyl ene, pol ypr opyiCIHEY 896

pol ystyrene, is preferably enpl oyed. In the present

i nvention, the ion exchangers to be 5 accommodated in the dem nerali zing

conpartments, nmay, for exanpl e, be mn ion exchange resin, an ion
exchange fi ber or a fornmed product thereof. Anobng them an ion

exchange " S A8 PALP Y £ 0N EXCHBRORI RIrAPERCEy e a0l ng i o

exchange resin particles w I nder pofymer into a

plate, are prefgifedtf §aM-biducteawpoi nt of the i on exchange
performance, durability, etc. Particularly preferred is a porous ion

exchanger sheet, sixxahehtéon exchangeact aotatimm iecrchangbangen ragsiom particl es
initself is good, and it can readily be accommobdated into the 15
deni ner al i zi ng exnhgagerear s nixture thereohossiar pospus HEogmed exchanger as
it is accommpdated i n the denineraJizi§§ conpartments, is

9

preferably SucPratyct: hReeeph i F3BuRe pBPRLPY . of?éFni‘ﬂ@ exchanger Bm8¥ of the
s o | B bEeede iunth BB KB ST B e
such being exchanger and domains (regions) of an anion exchanger are
combined. In such a case, the patterns of the respective
domains which are in contact with the ion exchange
10 membraneé, may be various patterns. For example, a sea-
island pattern, a layered pattern, a mosaic pattern or a
lattice pattern may be employed, Particularly preferred
is a sea-=island pattern or a layered pattern, since the
ion exchanger with such a pattern can readily be
15 accommodated into the demineralizing compartments, and
demineralization can efficiently be carried out,.
However, the overall proportions of the cation exchanger
and the anion exchanger used are preferably such that the
total ion exchange capacity ratio of the cation
20 exchanger/the anion exchanger is within a range of from
20/80 to 80/20.
When a porous ion exchanger is used as the ion
exchanger, the weight ratioc of the binder polymer based
on the porous ion exchanger is preferably at most 20%.
25 If the weight ratio exceeds 20%, the binder polymer is
likely to cover the surface of the ion exchange resin

particles, whereby the adsorbing ability tends to be low,



undesirable. It is particularly preferred that the porosity is from 10

to 40 vol % since the water perneation will be good, the

dem neralizing performance 25 wll be excellent, and treated water with a
hi gh purity can be obtained. This porosity is the value when the ion
exchangers WeHMEWmodated in the demi neralizing PCTIPOIBE 696

PCT/ JP97/ 00896 11 conpartnents and
water is supplied and an el ectric current is conducted. As
the ion exchanger, a cation exchanger, a anion exchanger or a

m xture thereof, or a porous forned 5 product thereof, can be enpl oyed.
The i on exchanggr . have strugcture in. which maLns (regions) of
a cation &%%ggf’rgﬁﬁp otrﬁﬁaa sttf’r galu% %) wglergﬁyaﬁﬁﬁn‘%g% er are
conmbi ned. In sugh g eCaASEL1ENE R 8 8f A ' mai ns
which are in contact w t&ﬁlthe I on e%%ﬁgng%“h%ot%rrg%%?gﬁggf arr%%/ € various

patterns. For gye¥¥re 18s§C8ends to ih&hedyk patrher Hbo@e'@é@%ﬁ@ Rabkern, a
nosai c pattern or a | attice pattern may be enployed. Particularly

preferred is paxtienlaslymeferably fwom ll apebed prhé e5indexi nce t he
i on exchanger with such a pattern can readily be 15 accommopdated into the
deni ner al i ziSng ROVPELt kBrPEeferaply a thegnaniasiirzpelymeror &fficiently be

[ ) [ ti on exchanger
carried out. venR 8YPin1d Boaonet 2ok tHOL I LINS At SR g

preparation of the porous ion exchanger.
As such a binder polymer, the following is preferably
employed. Firstly, as the thermoplastic polymer, a low
10 density polyethylene, a linear low density polyethylene,
an ultra high molecular weight high density polyethylene,
a polypropylene, a polyisobutylene, 1,2-polybutadiene, a
polyvinyl acetate or an ethylene-vinylacetate copolymer
may, for example, be mentioned. As the solvent-soluble
15 polymer, natural rubber, butyl rubber, polyisoprene,
polychloroprene, a styrene-butadiene rubber, nitrile
rubber or a vinyl chloride-fatty acid vinyl ester
copolymer may, for example, be mentioned.
The thickness of the porous sheet having the ion
20 exchange resin particles bound by the binder polymer, is
preferably such that the thickness in a form having the
volume reduced for packing into the demineralizing
compartment will be from 50 to 100% of the thickness of
the demineralizing compartment. If this thickness is
25 less than 50% of the thickness of the demineralizing
compartment, the porous sheet will not closely contact

with the ion exchange membranes when water is supplied



and the ani on exchanger used are preferably such that the total ion
exchange capacity ratio of the cation 20 exchanger/the anion exchanger is

within a range of from 20/ 80 to 80/ 20. When a porous ion
exchanger is used as the ion exchanger, the weight ratio of the binder
pol yner base®097346%n t he porous ion exchanger is preferabPGTEE"ME%” 200
25 If the weight ratio exceeds 20% the binder polyner is likely to
cover the surface of the ion exchange resin particles, whereby the
adsorbing ability tends to be | ow, 13 WO 97/34696

PCT/ JP97/ 0896 and the porosity

ten'ds to be | OW ??l%@hétt}%f Lgﬂéﬂ Fis CO du@tf.ecﬁ h?ddkﬂ‘ﬂe‘in%() be treated

tends to decrease pressure oss fen to i ncrfease. The above
vei ght ratio unaeéfraﬂﬁfet.' C!kaﬁw tHiefkaesBl ¥xéseds L doa ,SUuchhe dhader 5

polymer is preferably a thernoplastic polynmer or a sol vent - sol ubl e
pol ymer from t heaii sy Gentacebminbdated in mhepdemineralifzimge porous ion
exchanger. As such a binder polyner, the following is preferably

enpl oyed. Fir st cpmpartmend .t h@hﬁo@lwnmpeﬁym perquswshegt Hermiform
pol yet hyl ene, a Ilnear | ow densi t

| |
nol ecul ar we$ ghbankingh then 9’“?)0?%@}{)0 éﬁezartzculaglgolp%gf.u %{’Jgheé‘%&‘
pol yi sobut y| enezgt%ﬁ cop%u&ﬁg ElEekrfdss of RO doHiNEr 358585 or an

et hyl ene-vinyl a | yrer
compartment.

“The following method is preferred as a method for
binding the ion exchange resin particles by the binder
10 polymer to form a porous sheet. Namely, preferred is (1)
2 method wherein ion exchange resin particles and a
binder polymer are heat-kneaded and then formed into a
sheet by thermal forming such as flat plate pressing, {2)
a method wherein a binder polymer solution is coated on
15 the surface of the ion exchange resin particles, and the
solvent is evaporated for curing the binder polymer, (3)
a method wherein a binder polymer, a pore-forming
material and ion exchange resin particles are heat-mixed
and sheeted and then the pore-forming material is
20 extracted, or (4) a method wherein a binder polymer
having a pore-forming material dispersed therein, is
coated on'the surface of ion exchange resin particles and
cured, and then the pore-forming material is extra;ted.
Among them, method {1} and the method (3), are preferred
25 from the viewpoint of the forming processability or the
specific resistance of the obtained porous ion exchanger.

The ion exchange groups of the ion exchanger are



may, for exanple, be nentioned. As the solvent-soluble 15 polyner,

nat ural rubber, butyl rubber, polyisoprene, pol ychl oroprene, a
styrene-but adi ene rubber, nitrile rubber or a vinyl chloride-fatty
acid vinyl ester copol ymer may, for exanple, be nmentioned.

The t hi ckne¥O8¥34%ec por ous sheet having the ion 20 exclPERgeI?0e8ss n
particles bound by the binder polyner, is preferably such that the

t hi ckness in a form having the vol une reduced for packing into the
dem neral i zi ng compartnment will bejfrom50 to 100% of the thickness of

t he.dem neralizing conpartnent. If this thickness is 25 |[|ess than 50% of
the thickness of th em neralizing ... coppardnment,,the parous sheet wll
not closely coﬁf%%?leabqy avms% ﬁg?%iey igd(fﬁdé‘%ﬁ%%%mr’?erﬁ)crlaf]né:gp\?/ngﬂrmt er is
suppl i ed 3 M0 AERART0 d a strongly basi

PCT/ JP97/ 00896 - 96 groups and a strongly pasic quaternary | ..,
current is congmedeitm sackh bgpéeidr pyridiniiesidaally aypel fobeahlbgkness
exceeds 100% such a sheet can not be accompbdated in the

demi ner al i zi ngexchangec gmpups nfxnm thiee vi dvpddnds b fthehdopoerckamdeet in a
form 5 having the volune reduced is gartiquLarIy grefgrably from

70 to 90% &F tPErfaTreReesandfthe Shedirad aiabilify. Theciapaexchange

The follow ng nethaq is_preferred as _a nethod f bi ndi ng the ion
exchange resinciﬁﬁct’;1 | 8 @et*ﬂ§ fxFgapger 1s preferably from 0.5 to 7

meq/g dry resin. If the ion exchange capacity is lower
than 0.5 meq/g dry resin, adsorption of ions or
demineralization in the demineralizing compartments will
10 not sufficiently be carried out, whereby the purity of
treated water is likely to be low, such being
undesirable. It is particularly preferred that the ion
exchange capacity is from 1 to 5 meq/g dry resin, whereby
treated water with a high purity can be obtained, and the
15 stability in performance will be excellent.

In the present invention, as an apparatus for
producing deionized water, it is preferred to use an
electrodialyzer having the following construction, as
described in e.g. JP-A-3-186400, JP-A-2-277526, JP-A-5-

20 64726, US Patent 4,632,745 and US Patent 5,425,866,

The electrodialyzer comprises an anode compartment
provided with an anode and a cathode compartment provided
wit. a cathode, and a plurality of cation exchange
membranes and anion exchange membranes which are

25 alternately arranged between the anode compartment and
the cathode compartment preferably via compartment frames

to form demineralizing compartments each defined by an



10 polymer to forma porous sheet. Nanmely, preferred is (1) a

nmet hod wherein ion exchange resin particles and a bi nder polyner are
heat - kneaded and then fornmed into a sheet by thermal forning such as
flat plate pressin (2) a nmet hod wherein a binder | ution
i s coated onWOPEB4Be surface of the ion exchange resin pdﬁ?x%ﬁggggand t he
sol vent is evaporated for curing the binder polyner, (3) a net hod
whérei n a bi nder polyner, a pore-formng mat eri al and i on exchange
resin particles are heat-m xed and 1gheeted and then the pore-formng

material is 20 extracted, or (4) a nmethod wherein a binder polyner
having a pore-fgl4 q]r{‘%x@ﬁ&&éé q\{enfé'réﬂsréﬁdtﬁ@%%g shde nd rﬁpaat @&t9Bnt he
surface of ion exchange resSin particles and cured t hen the
pore-form ng medsitadgel fefdidniClofdthe catW@xHB?%nMdfrm’bz(t]r)atand t he
method (3), are preferred 25 fromthe viewoint of the formng
processabil ity comgayeéments egmic ideEined shytaamasioh emmalmmrpoeous i on
exchanger. The ion exchange groups of the ion exchanger are

WO 97/ 34696 on the anode side and by an anion exchange menbrdygson

14 r ef er abl dic Ifonlc acid t cation
exchange gréupsu%?né{’a& 9 ?o?fa%// ng?ﬁnﬁ Yor REPSETA gly yi}frﬁo%cﬁﬁ'llsalt type or

pyr|d|n|un1salt g e i nt of
the ion exchang g per or mangg g‘r}lduﬁig] g?necgﬁy%%#)raf;g ?Eke:‘é‘}ﬁg%
exchange FGHRCHE Ke Cdonipa® thent CREdW IR ihg £ cdpemitlgy aftr @&s0. 5 to 7

center, which is present between a cation exchange
membrane and an anion exchange membrane, determines the
10 thicknesdg of the demineralizing compartment or the
concentrating compartment. The thicknesses of the
compartment frames of the demineralizing compartment and
the concentrating compartment may not necessarily be the
same. The ion exchange membranes may be of a homogeneous
15 type or a heterogeneous type, and in order to increase
the mechanical strength, the one reinforced by a woven
fabric or a non-woven fabric, may be used. 1In a
concentrating compartment, it is preferred to insert a
spacer of a network-form, preferably made of a plastic,
20 in order to maintain the thickness of the concentrating
compartment preferably thinner than the thickness of the
demineralizing compartment and within a range of
preferably from 0.05 to 10 cm. Demineralization can be
carried out by conducting an electric current while
25 supplying water to be treated to the demineralizing
compartments and supplying water to the concentrating

conmpartments to discharge the concentrated salts. To



meq/g dry resin. If the ion exchange capacity is |ower than 0.5 neq/g

dry resin, adsorption of ions or dem neralization in the

dem neralizing conpartnments will 10 not sufficiently be carried out,
whereby the purity of treated water is likely to be | ow, such being
undesi rabl e. WMOt97348%arti cul arly preferred that the ion PCT/IPRTR8a80 €
capacity is from1l to 5 nmeqg/g dry resin, whereby treated water with a
hi gh purity can be obtained, and the 15 stability in performance will be
excel l ent. In the present inveggion, as an apparatus for
produci ng dei oni zed water, it is preferred to use an el ectrodi al yzer

havi the foll ' nstr.yction,. as descri ped,j . 0. JP-A-3-186400,
P A 2-27(;528, $AchOunt ﬁ?ﬂ6472%‘?1i5‘§$ﬁfeﬁf°‘&,ésg‘?ﬁfgq’aﬁégesp g2 o

5, 425, 866. I ] c | 0 art nent
ot ovi dod wi th atondadfar (e Ot AU QIREL PO AR e B TR BHRT | TO)

cathode, and a peHsty tof EFrofadl OFOEXARANYO5 A/cmAENDranes and ani on
exchange nmenbranes which are 25 alternately arranged between the anode

conpar t ment and Figure GatiBodeschenutriicmwiewpi bhwestaddting anconpart nent

frames to formdem neralizing conpartnments each defined by an
WD 97/ 34696 5 embodiment of an electrodialyzer of susly aP$ypeo8ohn

15 ani on egxchange gbr ane on the anode side and by a cation
exchange menbr aﬁéglbﬁe ?%Kgéfh%*a@%%’e,exsﬁan%mh%cngnd K is a

cation exchange membrane. As shown, the anion exchange
membranes A and the cation exchange membranes K are
arranged in the electrodialyzer 1 via demineralizing

1p compartment frames D1, D2, D3 ... Dn and concentrating
compartment frames Cl, C2, €3 ... Cn at predetermined
.distances, to form an anode compartment 2, concentrating
compartments S1, 82 ..., Sn, demineralizing compartments
Rl, RZ2 ... Rn and a cathode compartment 3. 1In the

15 demineralizing compartments Rl, R2 ... Rn, anion and
cation exchange resins are accommodated or packed. In
the concentrating compartments, spacers N1, N2, N3 ... Nn

are inserted.

In Figure 3, reference numeral 4 indicates an anode
20 and numeral 5 indicates a cathode, and a predetermined
voltage is applied across the two electrodes during the
operation, whereby anions in water to be treated which is
introduced into the demineralizing compartments R1, R2
+.+ Rn from a conduit 6, will permeate and move to a
25 concentrating compartment on the anode side through an
anion exchange membrane A, while cations in water to be

treated will permeate and move to a concentrating



conpartnents each defined by a cation exchange nenbrane on the anode
side and by an ani on exchange nenbrane on 5 the cat hode side,

alternately, preferably in a total nunber of from2 to 50 units. The
t hi ckness of a picture frame-1i ke conpartnment frame having an opening
at its WQRaT4696 which is present between a cation ex®GINEYE008%

menbr ane and an ani on exchange nenbrane, determnes the 10 thickness of

t he dem neralizing conpartnent or the concentrating conpartnent. The
t hi cknesses of the conpartnent fraggs of the dem neralizing
conpartnment and t he concentrating conpartnent nmay not necessarily be
the same. ([h5a} R A hARgS SRINIANSS agP¥n P8l £ ARTRACREOSngd S

type or a hetercogeneous type, and I n order o I ncrease F&ni ca
strength, the opgmbehfid f ChaD¥aBeMOMSbe treatddlitsdlle Jin@npuoven fabric,
may be used. In a concentrating conpartnent, it is preferred to insert
a spacer ofedohtied®rdnd disthirgdEndhl ¥ seasduif 7a pFegther, @Wotei n
order to maintain the thickness of the concentrating conpart nent

pref erabl y thi nperahhsguedns tsmckimssisminttheduced icdoi tbeakespegtive
conpartnent and within a range o preferably from0.05 to 10 cm

Deni neral i za%i oﬁoeﬁﬁ“b'éatmg CEEP"I“T‘@EP% sﬁy §%ndu'ctqnn§r8ﬂ 8| eerdyit current
b oS 2B B A e nd [SEH, KR AN ASLELLER s | s o
g'&f5‘gggfogggGCBBGS&‘téé‘ta‘%%c%QBE& -abtire, will be W14 &c346%na

discharged as a concentrated solution from a conduit 9.

Cations in the water to be treated, which are captured by

10 the cation exchangers in a demineralizing compartments,
will have a driving force given by the electric field,
will reach cation exchange membranes via cation
exchangers which are in contact with the cation
exchangers which captured the cations, and further, they

15 will pass through the membranes and move to a
concentrating compartments. Likewise, anions in the
water to be treated which are captured by the anion
exchangers will move to a concentrating compartments via
an anion exchangers and an anion exchange membranes.

20 Accordingly, it is more preferred that the cation
exchanger and the anion exchanger are, respectively,
gathered to form domains or gathered regions, whereby
contact points of exchanger particles of the same ion
type increase remarkably, so that movement of ions is

25 facilitated, and the deionization performance will be
improved.

Now, the present invention will be described in



16 each unit cell, a voltage of from4 to 20 Vis applied to

conduct an electric current preferably at a current density of from
0.00001 to 0.05 A/lcnferr]. Figure 3 is a schematic view
illustrating an 5 enbodi ment of an el ectrodi al yzer of such a type. In
Figure 3, AWQ9%H6¥ni on exchange nenbrane, and Kis a PCTERY7/008%6 ex change
menbrane. As shown, the ani on exchange menbr anes A and the cation
exchange nenbranes K are arranged in the electrodialyzer 1 via

dem neralizing 10 conpartnent franmes Dig D2, D3 ... Dn and
coneentrating conpartment frames d, C2, C3 ... Cn at predeterm ned

dtaees: Lo T oUmAg SO LR e S87RERY f‘%ﬁﬁg@“

cat hode conrpart BRBL1& bd MindeSstded CIRHY RBkablEidik GG ttlggn xr(
ted or packe

Rn, anion and cation exchange resins are accommda

t he concentr at i figafi®peEtirieted, t6pao spucikierifamgies.,. . Nn are
i nserted. In Figure 3, reference nuneral 4 indicates an anode 20

and nuneral 5 | MBSTERAMPLECat hode, and a predeterm ned voltage is
applied across the two el ectrodes durlng t he oper ati on, whereby ani ons
in water to be 2£EEE£§£A&“ Of_ign exchangersduced i nto the denineralizing
conpartnments RI, ondu t .per te and nove to

a 25 concentratlnﬁ ?RﬁﬁﬁiFFﬁeﬁ?LfﬁPt 5ﬁ88e‘§§%ﬂ;%9ﬁ43 ani on
exchange membr apg, fndifd,! i €20 LG ichetBbST é&kﬂgiatxon)tﬁgaiﬁg gﬁll

pernmeate and nove to a concentratlng
average diameter of 500 zm and a spherical anion exchange

resin (Diaion SAlO0A, tradename, manufactured by

10 Mitsubishi Chemical Corporation) having an average
diameter of 500 um were mixed in a volume ratioc of 50/50
and dried at 50°C. By the drying, the weight of the
mixture decreased to 55 wts of the original weight. &s a
binder, a linear low density polyethylene used in Example

15 2 mentioned below of a pellet form having a diameter of
from 2 to 6 mm and a length of from 4 to 9 mm, was added
in an amount shown in Table 1 as the amount of the binder
to the total amount of the binder and the ion exchange
resins, and the mixture was kneaded by a kneader at 140°C

20 for 40 minutes. This kneadé@?product was put into a
metal mold of a rectangular parallelopiped with an
opening side surface of 250 mm x 150 mm and pressed under
a condition of 120°C x 25 kgw/cm? to obtain a porous
molded sheet of a rectangular parallelopiped.

25 By changing the amount of the mixture to be filled in
the mold, the molded sheets having thicknesses of 6.7 mm,

7 mm and 7.5 mm were, respectively, obtained from kneaded
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17 conpartnent on the cathode side through a cation exchange
menbrane K, and water to be treated itself will be dei oni zed and

di scharged via a conduit 7. Further, water or an aqueous solution is
i ntroduced i WP3™2498 r espective 5 concentrating conpart TETFEEPs%s,;
Sn froma conduit 8, and the anion and cation conponents perneated
and noved as descri bed above, will be collected and di schar ged
as a concentrated solution froma conduil® 9. Cations in the water to

be.treated, which are captured by 10 the cation exchangers in a

dem neral i zi ngp¢BARAES PIYS the respeddilveNBIBnd it MdNGs QleRLEYEA DY the
electric field, w |l reach cation exchange nmenbranes via cation

exchangers whi gh #aB1é M coMepehdihd ugone that thickness, @achangeasd whi ch
captured the cations, and further, they 15 wl| pass through the

menbr anes and sheettwam cut so tbatcihe adidth andpiengtintod. thekmeldsd ani ons
in the water to be treated which_are captured by the anion

exchangers wi | Bhagh bt lé’oﬁcEﬂF’r%tqfn&eBGEBér‘fm‘§’\?"i°_§"ess °fan ani on
oreforred t ha REERLHon MRUE) ol HRGANGELs £ iko B Bhd N are
Contact poi ot s"F" SR 1h oo e e AR R RuEE RIS | T eass
remar kably, sOhbfigd, NENRIE AbnOExciRdYers swelled in substantially the

same proportion in the length, width and thickness

directions and reached an equilibrium state. The

10 increase in the length over the original length is shown

as the swelling rate (%).

Table 1
Ion Anllaoiunr:iterd Size (mm) s‘gltleing
exchanger (WES) (%)
1 5 117 x 84 x 6.7 23
2 5 123 x 88 x 7 22
3 5 131 x 94 x 7,5 23
4 2 117 x 84 x 6.7 26
5 2 123 x 88 x 7 27
6 2 131 x 94 x 7.5 25
7 1 117 x 84 x 6.7 27
B 1 123 x 88 x 7 28
S 1 131 x 94 x 7.5 25

Measurement of the swelling pressure

As shown in Figure 1, an ion exchanger 13 in a dry

state is put into a metal container 1l of a rectangular



25 facilitated, and the deiontzation performance wll be i nproved.

Now, the present invention will be described in WO 97/ 34696

PCT/ JP97/ 00896 18 further detail

wi th reference to Exanpl es. However, it shoul d be understood that the
present i nveWO%BR46% by no means restricted to such BGRAEF9THA896

Exanpl es. TEST EXAMPLE 5 Preparation of ion exchangers A
spherical cation exchange resin (D ai on SK1B, tradenane, M tsubi shi
Chem cal Corporation) having an avgg age di aneter of 500 [err]m and a
spherical ani on exchange resin (D ai on SALO0A, tradenanme, manufactured

by 10 Mtsubisdya daqghegta QUARCH L28tn D00 GuaNpBYELR Wengrn; 1HGATEL of

of 500 [err]mwere m xe olune ratio at

50[err]C. By thgn)dr wndga i\él@.’ﬂ/\@ilﬁhb ob i1deplaced tHEXESH £ &ﬂ_&rﬁﬁ%d to 55
wt % of the original weight. As bi nder, a linear |ow density

pol yet hyl ene use ipeskEtaoplaf alaoaﬁ ceht i bhed kéjosted so pedtetthleor m havi ng
a di aneter of from2 to 6 mmand a length of from4 to 9 nm was added
in an anount stfemvard aé|ef theslead eeblrkd ofiliheontarterthe metad the total
anount of the binder _and the_ion exch :%& resins, and the m xture was

kneaded by & kMIREEr 14: ¥hoR e fen o¥C ery 33 FRet S torm £hickngss product
was put into age g mifet Haflild QheApl Lt AP YRLRR Sd YAR REI WL Boan

that when the ion exchanger 13 is in a dry state, the sum
of the space a between the forward end of the load cell
14 and the metal plate 12 and the thickness b of the ion
1o exchanger 13 will be 8 mm. Then, water is supplied from
a water supply inlet 15, and from a load exerted to the
load cell 14 when absorption of water reaches
equilibrium, the pressure between the ion exchanger 13
and the metal plate 12 was obtained. Then, the volume
15 ratio of the ion exchanger in an operation state to that
in a free state i.e. volume in operation-like
state/volume in free state x 100%, was obtained. These

results are shown in Table 2.



openi ng side surface of 250 mm x 150 mm and pressed under a condition

of 120[err]C x 25 kgw cnferr] to obtain a porous nol ded sheet of a
rectangul ar parall el opi ped. 25 By changi ng the amount of the m xture
to be filled in the nold, the nolded sheets having thicknesses of 6.7
mm 7 nYPATE6 5 mm were, respectively, obtained frofRHEEAEPS
WD 97/ 34696 PCT/ JP97/ 00896
19° products with the respective blend ratios as identified in
Tabl e 1. Dependi ng upon the thickness eaah nol ded sheet was cut so
that the width and | ength of the nnl@ggle 2 sheet would in a ratio of
| ength: w dt h:thickng ngers 1 to 9
wer e obt ai ned. /\hen ggerse '@‘rQEE@ cﬂhﬁ oq,gttt“g erature for 8
hours, these ion exchan §m§ (? “Z§ i sane
proportion in the | epgt \d i ness ectigns and reached
an equilibriun1state"Tﬁe L10 I'n ease %§truaréngfg over tfhe ori gi nal
| ength is shown as thé swel I ng rdat¢ (99.
Table 1 | pn Amount jof 3,39 79Svel | ifng
exchanger bi nder Size (MM rate (W%
(9 1 53 117 x 8452 6.7 33 2
5 123 x 88 x 7 22 3 5 133 x 94 x 7.5
23 4 0.43 85

5 1.95 74

6 6.52 61

7 0.47 a3

8 2.06 72

9 6.68 59

Evaluation by an electrodialyzer

One of ion exchangers 1 to 9 was put in a
demineralizing compartment 27 of an electrodialyzer
having a comstruction as shown in Figure 2 and clamped to

5 A prescribed size. The shape of the demineralizing
compartment 27 was a rectangular parallelopiped, whereby
the length in the water flow direction was 140 mm, the
width was 100 mm, and the space between an anion exchange
membrane 28 and a cation exchange membrane 25 was 8 mm.

10 In each of two concentrating compartments 26, a spacer
net made of polypropylene was inserted, so that even when
the ion exchanger in the demineralizing compartment 27
expanded, the space between the anion and cation exchange
membranes would not substantially change. Accordingly,
also in this demineralizing compartment, the ion

exchanger exhibits the same pressure as shown in Table 2.



4 2 117 x 84 x 6.7 26 5 2 123 x 88
X 7 27 6 2 131 x 94 x 7.5 25 7
1 117 x 84 x 6.7 27 8 1 123 x 88 x 7

28 9 1 131 x 94 x 7.5 25 Measur enent of
the swel | i ngW¥E584¢96 e As shown in Figure 1, an ionrPeravanges 13 in
a dry state is put into a netal container 11 of a rectangul ar

WD 97/ 34696 PCT/ JP97/ 00896

20 paral | el opi ped (bottom w dth; 189 nm bottom | ength: 140

mm, and a netal plate 12 is placed thereon, whereupon the position

of a load cell djeust 'éﬂﬁ r nd of. the Ioad
cell 14 will co%lfu. 1-err"'?hefp’?retgg?Sﬂl telro? c&rgp% Jo \ﬁ% |6§ne§§ﬁ}é

swells to a thit&nesmolded pcf,d&grmf Ramehy . x (1€ Padl & 803 Ofumt he Ioad ceI I
Is set so t hat when tﬁe I on exchanger 13 is in a dry state, the sum

of the space a pudpered thethersemed mandeof as hiod @xdhaabbrs 1 to 1ot apad the
netal plate 12 and the thickness b of the ion 10 exchanger 13 will be 8
mm  Then, wat ehav@gsappuneur fammnt of 3 wkk ewasuppkpithédttd Bbsaath from a
| oad exerted to the ﬁ4 when absorption of water reaches

equilibrium® tﬁﬁfﬁﬁeééﬁﬁ%ab%%m fAUPEEA S RBNGekhe3same siggiashe net al
plate 12 was (“¥H¥ %%anngihzﬁJgadgﬁbgpgment 27, and such a molded

sheet was accommodated in the demineralizing compartment
27.
Then, an electric current of 1.0A was conducted under
1¢ the same condition, after supplying 0.18 ¢/hr of water
having an electrical conductivity of about 10 zS/em to
the demineralizing compartment, 20 £/hr of water having
an electrical conductivity of about 1 mS/cm to the
concentrating compartments 26 and 1 ¢/hr of water having
15 an electrical conductivity of about 200 uxS/cm to the
anode compartment 24 and the cathode compartment 21 for
one hour. The dialyzer was continuously operated for 40
hours, and when the operation was stabilized, the flow
rate in the demineralizing compartment was adjusted to
20 28.8 ¢/hr, whereupon the pressure loss at the upper and
the lower end portions of the demineralizing compartment
of the electrodialyzer, the electrical conductivity of
deionized water discharged from the demineralizing
compartment and the resistivity of the demineralizing
25 compartment, were measured. The results are shown in
Table 3. In Figure 2, reference numeral 21 indicates a

cathode, and numeral 22 indicates an anode.



15 ratio of the ion exchanger in an operation state to that in a free

state i.e. volune in operation-I|ike state/volune in free state x 100%
was obt ai ned. These results are shown in Table 2. WO
97/ 34696 PCT/ JP97/ 00896
Table 2 WO 97/34696 | on Pressure Vol urre r RGTGPIT/008%
exchanger (kgw/ cnjerr]) (% 1
0.22 91 2 1.10 79
3 4.51 65 23 4 0.43
85 5 1.95 74
6.52 61 Table 3 0. 47 83
8 2. 06 7 9 ©. 03
59 Eval uat i by an el ectrodi al yze] Electrical (e af .Lon excgangers 1
to 9 was put in a dermi hes AddkirR0 fesndidtRity LSEAVAERCPE bdi al yzer
havi ng a construcki on¥@8 sh i e gur Bog oY eralizing
prescribed size. | Exehahger OQ%EE% %ﬁp11era LPg compRRfAentent
a rectangul ar parjal | el opi ped, -4 y ;ﬁﬁlen h i nfQded wat ey
direction was 140 nm the wi dth whs 168 and the space befween an
ani on exchange

1 0.08 0.481 520

2 0.12 0.368 330

3 0.18 0.213 210

4 0.10 0.43% 450

5 0.14 0.327 300

!

6 0.20 0.200 120

7 0.10 0.436 360

8 0.14 0.320 280

-3 0.21 0.197 110

10 0.02 2.12 1350

With ion exchangers 1 to 9, deionized water of a high
purity was obtained constantly, and the resistivity was
low. Further, such a tendency was observed that with an
ion exchanger having a higher pressure shown in Table 2,

5 the properties were better. Whereas, with ion exchanger
10, the purity of deionized water was not high. From the
measurement of the pressure loss, it was found that
spaces were formed between the ion exchangers and the
compartment frames or between the ion exchangers and the

1¢ ion exchange membranes, towards the outlet from the inlet
of each demineralizing compartment.

EXAMPLE 1



menbrane 28 and a cati on exchange nenbrane 25 was 8 mm 10 1In each of two

concentrating conpartnents 26, a spacer net made of pol ypropyl ene was
i nserted, so that even when the ion exchanger in the dem nerali zing
conpartment 27 expanded, the space between the anion and cation
exchange wo ymgtasanes woul d not substantially change. A®PCTARH7089¢,

also in this dem neralizing conpartnent, the ion exchanger exhibits

t he sane pressure as shown in Table 2. WO 97/ 34696

PCT/ JP97/ 00896 24 22 Further, for the
pur pose of conparison, as ion exchanger 10, a nol ded product of 111

79. 4 6.3 X din th ' h 1
to 9 and  havhridRHBAsFidauRr G IRRIoFTIARE SRR PES Absor b
5 t d A A h ' .
dent ner a1 | 2i ng LM RERL45E EuleP o Kok EpE P 690 Bnfng, ap, 16R

accormmodat ed | gyéhiendie HapaEaty 2% GOMeA/YNBAY resin (Diaion Sk-1B, Then, an
electric current of 1.0A was conducted under 10 the sane condition, after

suppl yi ng 0. 18teadenanfe Wabaufactureddy MgtanbidheciOhiemdkatonductivity of
about 10 [err]S/cmto the dem neralizing conpartment, 20 [err]/hr of
wat er havi g Corpozatisingcend ohlquadedaaryyvaryoRiuty 5adt EYRE/ (P10 t he

concentrating conpartnents 26 and 1 [.err]/hr of water _havin 5, _an
el ectrical con rga\ﬂQ5?noFxéﬂﬁﬁﬁe 266 Fep%féf%rﬁtﬁfr fEle siz of i

400 to 600 ym and an ion exchange capacity of 3.5 meqg/g
dry resin (Diaion SA-10A, tradename, manufactured by
Mitsubishi Chemical Corporation) were subjected to hot

10 air drying at a temperature of 50°C to bring the water
content to 8 wts and then mixed in a ratioc of cation
exchange resin/anion exchange resin = 44/56 (weight ratio
in a dried state) to obtain a mixture having an ion
exchange capacity ratio of 50/50. This dried ion

15 exchange resin mixture was packed into each
demineralizing compartment of an electrodialyzer wherein
the thickness of the demineralizing compartment was 1.2
cem and the thickness of a concentrating compartment
having a spacer net made of polypropylene (thickness: 0.2

20 c¢m) was 0.2 cm, to a volume packing ratio of 60%. After
supplying water for 60 minutes and electric current
conducting pretreatment for 24 hours, the resistivity in
water with 10 x4S/cm was measured and found to be 1051
Q+cm at a current density of 0.0025 a/cm?. Using such an

25 electrodialyzer shown in Figure 3, production of
deionized water was carried out as follows. The

electrodialyzer was the one consisting of a filter press



anode conpartnent 24 and the cathode conpartnent 21 for one hour. The
di al yzer was continuously operated for 40 hours, and when the
operation was stabilized, the flow rate in the dem neralizing
conpartment was adjusted to 20 28.8 [err]/hr, whereupon the pressure | oss
at the upperw@f@346% the | ower end portions of the demn Zhivad

conpart nent of the electrodialyzer, the electrical conductivity of

def oni zed water discharged fromthe dem nerali zing conpartnent and the
resistivity of the demneralizing 25 cea@ppartnment, were neasured. The
results are shown in Table 3. In Figure 2, reference nuneral 21

i ndi cates a t YHET Yo 1e28h8RE € medbraRede (strongl WO
97/ 34696 type! RAFy = HaOUA! Sl 500 e

23 acidic heterogeneous medrands, thickness: 500 zm, ion

El ectrical Resistivity of | on Pressure conductivity
demni neral i zi ng exchange capacity: 2.7 meqd/gsdry resin)d@ndnanddn

exchanger (kgw/ cnjerr]) wat er conpart ment

([err]s/cm exehapgejmenbranes (strongly basic hefesggeneous (o 431

220 0.98 memgraneil if§gk%§ss: 500 ffg'ggghange capaciggg 2.1 0.10
gbgsg méégg ary resia?Zﬁltéknatelyoéﬁg%ﬂégd and cla@5%37via
7 0.10 demineraXiz4%Q compartment3§Qames (made of polypropylene

having a thickness of 1.2 cm) and concentrating
compartment frames (made of polypropylene having a

10 thickness of 0.2 cm) and having an effective surface area
of 507 cm? {width: 13 cm, length: 39 cm) x 5 pairs of the
demineralizing compartment and the concentrating
compartment.

Using water having an electrical conductivity of 5

15 xS/cm as feed water, demineralization was carried out at
a current density of 0.004 A/cm? (voltage = 5 V per unit
cell), whereby treated water having an electrical
conductivity of 0.062 uS/cm was obtained constantly at a
production rate of 0.4 m3/hr. In this case, the

20 effective surface area of the membrane per 1 m?/hr of
produced water was 1.27 m2., After the measurement, the
ion exchange resin was taken out from the demineralizing
con.artments, and the volume of the ion exchange resin
mixture in a free state was measured and found to be 122%

25 of the volume of the demineralizing compartments.
Purther, using the measuring apparatus as shown in Figure

4, the same dried ion exchanger as in this Example was



8 0.14 0. 320 280 9 0.21

0. 197 110 10 0.02 2.12

1350 Wth ion exchangers 1 to 9, deionized water of a high
purity was obtained constantly, and the resistivity was | ow. Furt her,
such a tendemnysnmae®éobserved that with an I on exchanper/ivaossg a

hi gher pressure shown in Table 2, 5 the properties were better.

VWhereas, with ion exchanger 10, the purity of deionized water was not
hi gh. Fromthe measur enent of the Rjgessure | oss, it was found that

spaces were fornmed between the ion exchangers and the

conpar t ment

frames or between the jon exchangers and the 1 | on exchange nenbr anes,
%'n 8 g‘fo 'eddh tg@

towards the outA%t 1Py bAftRerai cofitainer
EXAMPLE 1

PCT/ JP97/ 00896

acid type (H-typeheBakhe mERt?aR08nd SBduhd to beN8Vi Mgy A

nPREE aY ¢TIy PASKARSt ment .
ratio,wghg74§¥g§99as supplied, whereugﬁn the pressuﬁe

sul fonic
irt gl € size of

from400 to 600 [err]mand an ion exchange capacity of 4.5 neq/g dry
resin (Diaion $ghBe 4, refdreadenmumerainllf’‘adsusesletyl Misue)i slinecheni cal

5 Corporation) and a guaternary ammonium salt type (OH

type) anion

exchange resi nlRdvangatepasuppdyeinliete, ofunferah 13' a wilier disebakger | m and

an ion exchange capacity of 3.5

dry resin (Diaion_SA-10A,

meq/
t radenane, nan&P&&FEreEPWﬁFal 14! agaé£d cell and numeral 15' a dried

ion exchanger.

EXAMPLE 2

A sodium sulfonate type (Na-type) cation exchange

10 resin having a particle size of from 400 to 600 xm and an

ion exchange capacity of 4.5 meq/g dry resin (Diaion SK-

1B, tradename, manufactured by Mitsubishi Chemical

Corporation) and a quaternary ammonium salt type (Cl-

type) anion exchange resin having a particle size of from

15 400 to 600 ;m and an ilon exchange capacity of 3.5 meq/g

dry resin (Diaion SA-10A, tradename, manufactured by

Mitsubishi Chemical Corporation) were subjected to hot

air drying at a temperature of 50°C to bring the water

content to B wty and then mixed in a ratio of cation

20 exchange resin/anion exchange resin = 44/56 (weight ratio

in a dried state) to obtain a mixture having an ion

exchange capacity ratio of 50/50.

To this mixture, 3 wt% of linear low density

polyethylene (Affinity SM-1300, tradename, manufactured

25 by Dow Chemical) was mixed based on the product obtained

and kneaded at a temperature of from 120 to 130°C. The

obtained kneaded product was thermally formed by a flat



M tSUbIShI Chem cal Corporation) were subjected to hot 10 air drying at a
tenperature of 50[err]C to bring the water content to 8 wt% and then
mxed in a ratio of cation exchange resin/ani on exchange resin =

44/ 56 (melght rati o in a dried state) to obtain a m Xxture having an

i on VR apacity ratio of 50/50. This dried i o CH8I"®e¥hange
resin nixture was packed into each dem neralizing conpartnment of an

el ectrodi al yzer wherein t he thickness of the dem nerali zing
conpartment was 1.2 cm and the thi ckness of a concentrating

conpart nment havi ng a spacer net nmade of pol ypropyl ene (thickness: 0.2

20 cm was 0. 2,(dRe E&e@svﬁﬁlﬁ§%°@a€5'89t£fﬁ'é)ﬂﬂid@@Aionﬁiiéﬁan er Supplying
wat er for 60 m'hutes and el ectric current conducti ng pretreatnent for

24 hours, the r@sdedf baivtiigi & thicknaasesf W 16 ckl [ @he] fdows inas ofeasured and
found to be 1051 [err].cmat a current density of 0.0025 Alcnferr].
Usi ng such an <ntigueusr pefes ypethsmmrws th@rtewas P¥ gk 4 oFhds

dei oni zed water was carried out as fol g%ectrodlalyzer was
t he one conS|stFQEquf18“f?¥?§§“9§Fe§§eet “was ﬁﬁﬁ“@TP§§B into th

vt b eats o SEminesaliEiag SRBDAFEpenke OF an elefProfialyaelBadifgy2®"

merbr anes, t hi Céﬂ@%%m&@@ni@ﬁfekﬁbn'&é‘ in Exanfai@hangﬁcsﬁm%w thet7 meq/ g

dry reS|n) and ani on exchange nenbranes (strongly basic er ogeneous
5 nenbranes, tfHickness: obhdheenineradtihwinge conpacthgnt ak changefieq/ g dry

resin) alternately arranged and cl anped vi a
to 0.8 cm, at a volume packing ratio of 54%. After
supplying water for 60 minutes and electric current

10 conductinhg pretreatment for 24 hours, the resistivity in
water with 10 #S/cm was measured and found to be 1164Q-cm
at a current density of 0.0025 A/cm?.

After the measurement of the resistivity, production
of deionized water was carried out. As the

15 electrodialyzer, the same electrodialyzer as used in
Example 1 except for the thickness of the demineralizing
compartments, was used. Using water having an electrical
conductivity of 5 4#S/cm as feed water, demineralization
was carried out at a current density of 0.004 A/cm?

20 (voltage = 5 V per unit cell), whereby treated water
having an electrical conductivity of 0.060 u«S/cm was
obtained constantly with a production rate of 0.45 m3/hr.
In this case, the effective surface area of the membrane
per 1 m3/hr of produced water was 1.13 m?. After the

25 operation, the ion exchanger sheet was taken out from the
demineralizing compartment, and the volume in a free

state was measured and found to be 1lllg of the volume of



dem neralizing conpartnent frames (made of pol ypropyl ene havi ng a

t hi ckness of 1.2 cm and concentrati ng conpartnent franmes (made of

pol ypropyl ene having a 10 thickness of 0.2 cn) and having an effective
surface area of 507 cn2 (wdth: 13 cm length: 39 cm x 5 pairs of

t he dewDr?B4Pé zi ng conpartnent and the concentr ati ngPCT/IP97/00896
conpartnent. Usi ng water having an electrical conductivity of 5
15 [err]S/cmas feed water, demineralization was carried out at a
current density of 0.004 Alcn2 (voltage 55 V per unit cell), whereby
treated water having an el ectrical conductivity of 0.062 [err]S/cm

was obt ai ned cqnst ant |, lon ra of 0.4 mB/hr__.Iln this
case, the 20 thﬁ g%fuil é%%lu%ie{lge chrngégg#{&é%.e n@ﬁ%ﬁgﬁé glé? s_La'?ﬂ edfxrl]e%hr of
produced water 3 EldreetAbE i nt B BAS ; hQn
exchange resiniﬁgée%gﬁé%&%utk%?%n%thendgﬁ%nerauﬁggﬁgés ﬁy@éﬁﬁ%ﬁﬁ?ﬁénts, and
the volune of tgigaloBof¥sIgQOrEBENthe meaa'@&tmgeaifaﬁaaaiw%hﬂv&t @ pnas
nmeasured and found to be 122% 25 of the volune of the dem neralizing
conpartnents. FigurBudtéertheusamg votumegsacking appioatarsl aamtshrowasi n

Fi gure 4, the_sane dried ion exchanger as in this Exanple was
WO 97/ 346965 supplied, whereupon the pressure formepWas meryzedsand

26 put th tal .c ines 10' in the sane vol ume packing
rati o, and matg?“ﬁésggdﬁﬁﬁrgg%%ﬁﬁ@rbupon t he pressure

EXAMPLE 3

A sodium sulfonate type (Na-type) cation exchange
resin having a particle size of from 400 to 600 gzm and an

10 ion exchange capacity of 4.5 meq/g dry resin (Diaion SK-
1B, tradename, manufactured by Mitsubishi Chemical
Corporation) and a guaternary ammonium salt type (Cl-
type) anion exchange resin having a particle size of from
400 to 600 /m and an ion exchange capacity of 3.5 meq/g

15 d@ry resin {Diaion SA-10A, tradename, manufactured by
Mitsubishi Chemical Corporation) were subjected to hot
air drying at a temperature of 50°C to bring the water
content to 8 wtg. To the respective ion exchange resins,
3 wts of linear low density polyethylene (Affinity SM-

20 1300, tradename, manufactured by Dow Chemical) was mixed
based on the product obtained and kneaded at a
temperature of from 120 to 130°C. The obtained
res; .ctive kneaded products were thermally formed by a
flat plate press at a temperature of 130°C to obtain a

25 porous cation exchanger sheet and a porous anion
exchanger sheet each having a thickness of 0.6 cm. The

porosity of continuous pores of the obtained porous



formed was neasured and found to be 2.1 kg/cnferr]. In Figure 4,
reference nuneral 11' is a netal plate, nuneral 5 12' a water supply
inlet, nuneral 13" a water discharge outlet, nuneral 14" a | oad cel
and nuneral 15 a dried i on exchanger. EXAMPLE, 2

sodi um sul f oWR¥B#PEe (Na-type) cation exchange 10 resi nFhEFEHEEE
particle size of from400 to 600 [err]mand an I on exchange capacity
of ‘4.5 meqg/g dry resin (Diaion SK- 1B, tradenane, nanufactured by

M t subi shi Chemi cal Cor poration) amd a quaternary anmonium salt type
(d - type) anion exchange resin having a particle size of from 15

400 to 600 [err]Jmmapf &4y X REBY G2 RACkbY 3 Pf asd StHB Hetosity HEY resin
(Di ai on SA- 10A, %gdeng%e%ﬁr?aeﬁuf agélﬂred by g)Matsubi SE{ &?émycal

Cor por at i on) V\Bft(hesﬁbi'@@é ethilod BRéhanger aheedr yasgzhtvals.enperature of
50[err]C to bring the water content to 8 % and then mxed in a ratio

of cation 20 exchiajeg ridwse &rpoporoushdrge exebanger saheBdswai ght ratio
in a dried state) to obtain a_m xture hauing an_i on \ exchagge capacity

ratio of 50/50.°°?b%nati°nn9ftﬁP§a+ﬂ§dﬁﬁ%§f°§ Wt 9F of 2§ i GRFdon SXCHERERE y
e cal ) ve. meRSCoBiRR? Jiemnehef S e, sEPh SEber AR, cBY 0" .
thormal 1y for mef by arae v oh HaurhS (a) gad S @S GmenpRepar e oduct nas
PCT/JP97/ 00896 and then accommodated into the demineralizing
compartments with a thickness of 0.8 cm of the same
electrodialyzer as used in Example 2 at a volume packing
jo ratio of 66%. Figure 5(a) shows a plan view, and Figure
5(b) is a cross sectional view taken along line Y-Y in
Figure 5(a). In Figure 5, reference numeral 16 indicates
an anion exchanger domain, and numeral 17 indicates a
cation exchanger domain. After supplying water for 60
15 minutes and electric current conducting pretreatment for
24 hours, the resistivity in water with 10 xS/cm was
measured and found to be 911 Q-cm at a current density of
0.0025 A/cm2.
After the measurement of the resistivity, production
20 of deionized water was carried out. As the
electrodialyzer, the same electrodialyzer as used in
Example 2 was used. Using water having an electrical
conductivity of 5 45/cm as feed water, demineralization
was carried out at a current density of 0.004 A/cm?
25 (voltage = 5 V per unit cell), whereby deionized water
having an electrical conductivity of 0.057 uS/cm was

obtained constantly at a production rate of 0.47 m3/hr.



27 pl ate press at 130[err]C to obtain a porous ion exchanger

sheet having a thickness of 0.6 cm The porosity of conti nuous pores
in this porous sheet was 23 vol % This porous ion exchanger sheet was
accommodated into the 5 demneralizing conpartnments of an

el ectrodi al yWeP7P486 ng the same construction as in EBCINBY&6oxcept
that the t hi ckness of each denineralizing conpartment was changed

to 0.8 cm at a volune packing ratio of 54% After suppl yi ng wat er
for 60 mnutes and electric current 103gconducting pretreatnent for 24
hours, the resistivity in water with 10 [err] S/ cm was neasured and

found to be 11641 ¢hEd be ne BEedEid Sikrdensiida e Ar0RBmbtaRLerr] .

After the neasurenen e resistivity, production el oni zed
wat er was carr ingd 9%3/5&_8 otfhﬁroéxgcxeaelv&%@rocia@wm m? heage8E the

el ectrodi al yzer as used in anple 1 except for the thickness of the
dem ner al i zi Nng measuremdfitsl ithienisn awshairyed reshn ngas\etadrenhauitnfrom
el ectrical conductivity of 5 [err]S/cmas feed water, dem neralization

was carried outthat demingradizingneonpamdmentoand Afhsiuaduyme ¥8s (voltage = 5 V
per unit cell), whereby treate '

t i | t |
conductivit§ ofregsured (A £9pR %sﬁ’r 134*08?2{#%3"’3% ¢ gr%tlr g\?\ﬁ th a
producti on at g gl g, s Nber LLeBE:tnenc | kbl O3 dule BELEA g ourf ace

area of the ne ane _ /"hr ~of “produced water was
nferr]. After Q@hag?er QRehat bRls EpP1eN wBY CHRNGRit oS heet mees1t aken out

fromthe emnetralizing conpartnént, and the volunme in a free
state was neas¢bataiwek floUndft hbemdakElfbint apparatusmmsoshown in
Figure 4, and water was supplied, whereupon the pressure
10 formed was measured and found to be 4.2 kg/cm2.
EXAMPLE 4
A sodium sulfonate type (Na—-type) cation exchange
resin having a particle size of from 400 to 600 zm and an
ion exchange capacity of 4.5 meq/g dry resin (Diaion SK-
15 1B, tradename, manufactured by Mitsubishi Chemical
Corporation) and a guaternary ammonium salt type (Cl-
type) anion exchange resin having a particle size of from
400 to 600 uxm and an ion exchange capacity of 3.5 meg/g
dry resin (Diaion SA-10A, tradename, manufactured by
20 Mitsubishi Chemical Corporation) were subjected to hot
air drying at a temperature of 50°C to bring the water
content to 8 wty., To the respective ion exchange resins,
3 wts of 1,2~-polybutadiene {RB-B820, manufactured by Japan
Synthetic Rubber Co., Ltd.) was mixed based on the
25 product obtained and kneaded at a temperature of from 120

to 130°C. The obtained respective kneaded products were

thermally formed by a flat plate press at a temperature



WD 97/ 34696 PCT/ JP97/ 00896

28 the dem neralizing conpartnent. Further, the sane dried I on
exchanger sheet as in this Exanple was put into the nmet al cont ai ner
10" of the nmeasuring apparatus shown in Figure 4 at the sane vol une
packing rati WO¥Mds%ater was 5 supplied, whereupon the BFEHESHB% o ned
was neasured and found to be 1.2 kg/cnferr]. EXAMPLE 3

A sodium sul fonate type (Na-type) cation exchange resin having a
particle size of from400 to 600 [err]mgnd an 10 ion exchange capacity
of 4.5 meq/g dry resin (Diaion SK- 1B, tradenane, manufactured by

M tsubi shi- Chemliggal sgoc +o OBEARHAL | SBGULCali BH AL RO AHRBLUBRSAL L tyPe
ge resin

(d - t ype) "ani on exchan aving a particl’e size of from

400 to 600 [errhLgrafs #id0RxENSHGOOSHEMAGREN Bivihd aRUigkndbs S£Y resin
(D ai on SA-10A, “tradenane, manufactured by M t subi shi Chem ca

Cor porati on) weiessohj ecitd pbookity of comtindoys rppras aft ¢hpeohtaimedf
50[err]C to bring the water content to 8 % To the respective ion
exchange resi nsporous catioy exchanges SheRtdwasi 2y yiiyyelhdl ERe (Affinity

SM 20 1300, tradenane,_ manufactured by Dow Chem cal) was xed
based on t heS pr BREEbhief FBE @PEP%ﬁuﬁﬂ$§é grchanger éig%ﬁePQFE¥% %1%y om 120

to 130[err] C. The opfpiNefhese twb Sdisd (O BEARGTHSY Qlucts, wgr e thermally

formed by a
combination of domains (regions) of the cation exchanger

and domains (regions) of the anion exchanger in the
pattern as shown in Figure 6{(a) and 6(b), was prepared
10 and packed into the demineralizing compartments having a
thickness of 0.8 cm at a volume packing ratio of 55%.
Figure 6(a) indicates a plan view, and Figure 6(b) is a
cross sectional view taken along line %-Z in Figure 6{a).
In Figure 6, reference numeral 16 indicates an anion
15 exchanger domain, and numeral 17 indicates a cation
exchanger domain. After supplying water for 60 minutes
and electric current conducting pretreatment for 24
hours, the resistivity in water with 10 u4S/cm was
measured and found to be 1206 Q-cm at a current density
20 of 0.0025 A/cm?, which was lower than 1362 Q-cm in a case
where non-dried regenerated type ion exchange resins
having the same blend ratio were put into the cell and
measured.
After the measurement of the resistivity, production
25 of deionized water was carried out. As the
electrodialyzer, the same as used in Example 2 was

employed. Using water having an electrical conductivity



flat plate press at a tenperature of 130[err]C to obtain a 25 porous

cati on exchanger sheet and a porous anion exchanger sheet each having
a thickness of 0.6 cm The porosity of continuous pores of the
obt ai ned porous WO 97/ 34696

PCT/ JP97/ 00 8%® 97134696 29 PCIVIPOINORI6C hanger
sheet was 24 vol % and the porosity of t he porous ani on exchanger
sheét was 23 vol % Usi ng these two porous ion exchanger sheets, a
conmbi nation of domains (regions) of the gation exchanger 5 and donmi ns
(regions) of the anion exchanger in the pattern as shown in Figure

S(2) 200 S() 49, Dghlr e coos wold, B ASSITIREELS b S0 e
o ectr odl ol Y261 fP JoRICLR BTG 2oL NI GRS a0 5241 0 of 00
vi ew taken al onge/ if2t Yed11]), wherebfi SH6£cH WatekNnkbONg . T ef erence

nuneral 16 indi‘cates an ani on” exchanger donmi n, and nuneral 17

i ndicates a electlicald exmhangestdonti oS4l Sy caupas yobiaimddr for 60 15
m nutes and electric current conducting pretreatnent ior 24 hours,
the resistiwgtycdanstantdy a¥ tah producki9n/ahengé 0.46 m ur &8 &héisfound to

be 911 [err].cmat a current densi err]

sity.of .0025A/cr£[ oy
After the neasfa&fenthgre #ﬁ?ﬁﬁ??l§P¥@??§uaﬁ&F088cF?%ﬁme 6 B8&i dni zed
vater was carriﬁy}hguéf péghdglﬁ water was 1.10 m®. After the
measurement, the ion exchange resin was taken out from
the demineralizing compartment, and the volume was
10 measured and found to be 113% of the volume of the
demineralizing compartment. Further, the same dried ion
exchanger as in this Example was put into the metal
container 10' of the measuring apparatus as shown in
Figure 4, and water was supplied, whereupon the pressure
15 formed was measured and found to be 1.3 kg/cm2.,
COMPARATIVE EXAMPLE
A sulfonic acid type (H-type) cation exchange resin
having a particle size of from 400 to 600 xm and an ion
exchange capacity of 4.5 meq/g dry resin (Diaion SK-1B,
20 tradename, manufactured by Mitsubishi Chemical
Corporation) and a quaternary ammonium salt type (OH-
type) anion exchange resin having a particle size of from
400 to 600 xm and an ion exchange capacity of 3.5 meq/g
dry resin (Diaion SA-10A, tradename, manufactured by
25 Mitsubishi Chemical Corporation) were regenerated with
hydrochloric acid and an agueous sodium hydroxide

solution, and then mixed in a ratic of cation exchange



el ectrodi al yzer, the sane el ectrodi al yzer as used in Exanpl e 2 was

used. Using water having an electrical conductivity of 5 [err]S/cm as
feed water,

0.004 Alcnerr]

dem neralization

Bned

was carried out at a current density of
(voltage = 5 V per unit cell), mhereqy delonlzed wat er
havi ng an el Wox7P468% conductivity of 0.057 [err]S/cm was

constantly at a production rate of 0.47 nferr]/hr. MD 97/34696
PCT/ JP97/ 00896 30 In this case, the
effective surface area of the nenbrane 33 per 1 nB/ hr of produced water
was 1.08 nferr]. After the measurenent, the ion exchange resin was

t aken out from
measur ed and foun

conpartnent .

shown in

formed was nmeasured and found to be 4.2 kg/cn{err] EXAMPLE 4

A sodi um sul f onat e Thjise reeppeiat@f dan| %cﬁmﬁgém mixtks fhaved a
particle size of from

400 t 0Q
b 4. el § diFates; HapCrafke SRYS G dRIrERakining PoRBRT
Cherd,Cah ect roa P2 hh 0 Ag 2Kk % A6 DB Yo EYBIP sl %Sa' 1 ype

M t subi shi
(A -

lo

15

20

25

Example 1 except that the width of each demineralizing
compartment was 0.8 cm, at a volume packing ratio of
100%. After supplying water for 60 minutes and electric
current conducting pretreatment for 24 hours, the
resistivity in water with 10 uS/cm was measured and found
to be 1362 Q-cm at a current density of 0.0025 A/cm?.
After the measurement of the resistivity, production
of deionized water was carried out. As the
electrodialyzer, the same as used in Example 1 except
that the thickness of the demineralizing compartments was
different, was used. Using water having an electrical
conductivity of 5 uS/cm as feed water, demineralization
was carried out at a current density of 0.005 A/cm?
{voltage = 5 V per unit cell), whereby treated water
having an electrical conductivity of 0.07 uS/cm was
obtained only at such a small production rate as 0.04
m3/hr. The amount of water treated could not be
increased, since if the amount of water treated was
increased, the electrical conductivity increased. In
this case, the effective surface area of the membrane per

1 m3/hr of produced water was as large as 12.68 m2.

' CQ'WSTO pbrand e yaluge was
eiiqﬁgkg 1 yg%ﬁg%hgéeg?une of Pﬁe dem neral i zi ng
F%Fét*@tatblsletéma%l @0mi Pbure havexghamgben asxdhanigei s Exanpl e
was put into the netal contai ner 10" of the neasuring apparatus as

Fegpacd t4, rabib weft 80/68s suppl i ed, whereupon the pressure

5

10

I on _exchan ca9a0|ty



type) anion exchange resin having a particle size of from 400 to 600
[err]mand an i on exchange capacity of 3.5 neq/g dry resin (D aion

SA- 10A, tradename, manufactured by 20 Mtsubishi Chem cal Corporation)
wer e subjected to hot air drying at a tenperature of 50[err]C to bring
the water WwO973d696ent to 8 w% To the respective ion ex®OHRB088&| NS,

3 wt% of 1, 2-pol ybutadi ene (RB-820, manufactured by Japan Synt hetic
Rubber Co., Ltd.) was m xed based on the 25 product obtained and kneaded
at a tenperature of from 120 to 13Qkerr] C. The obtained respective
kneaded products were thermally fornmed by a flat plate press at a

tenperature 97/ 34696 . .
PC[I'TJ P97/ 00896 Accomng to %%e apparatus for pr@&ucmg ded‘l‘migﬁflerr] Cto

obtain a por ou%ﬁgg%i ?ﬁi%Xef,%?%g%?‘tsﬁ?‘%n‘g?gfﬁ?%‘ﬁ%ﬂp@é@t& FRLOPgXchanger

sheet each havi porosity of continuous

pores of the opLahfisder partiRAe8Us:ORldMeN aaxehanaia shaal twasidd vol % and
t he 5 porosity of"the porous ani on exchanger sheet was 23 vol %

Usi ng these t waxphénge nenbraxnesanjerimireased as accommppidkiedatinothef donai ns
(regions) of the cation exchanger and domai ns (r_géiwons) of the anion
exchanger ig ttemineraljzimgecampartments of Epgelecwebdiadyges¢b), was

hi Ckness of OWBSEGITHE VGPORLPACLIHS Ph Feebfedernd the thickRess o)
Indicates a pl 39 t\:/lixee V%emairﬁ%rga%iﬁg 6é£3pair%m§nts can be made large.
Accordingly, it is possible to obtain an apparatus having
a large production rate of deionized water with a

10 relatively small effective surface area of the membrane,



cross sectional view taken along line Z-Z in Figure 6(a). In Figure
6, reference nuneral 16 indicates an anion 15 exchanger domain, and
nuneral 17 indicates a cation exchanger donmin. After supplying water
for 60 m nutes and electric current conducting pretreatnent for 24

hours, the rWQ%8Rs&%ty in water with 10 [err] S/ cm was PCHEIUMI™®Y and
found to be 1206 [err].cmat a current density 20 of 0.0025 Alcnferr],
whi-ch was | ower than 1362 [err].cmin a case where non-dried
regenerated type ion exchange resins 35 having the same blend ratio were
put into the cell and measur ed. After the neasurenent of the

resistivity, production 25 of deionizgghpater was carried out. As the
el ectrodi al yzer, the sane as used in EXanple 2 was enpl oyed. Using
wat er havi ng amn el eqf ldppalracsdfmt ipeolidcing deionizél Qdt8AGSprising

PCT/ JP97/ 00896 32 of 5 [err]S/cmas
f eed water, demmeeflalqtzaﬁu-ahym h@ap.pgegatmn exghenge merhpanest andnsity of

0. 004 A/cr‘r{err] (vol tage = uni tt@gell , vvherf'hy treated water
havi ng an aQﬂQ&:FﬁF@éPQEdWRﬂHﬂ?PG?t§1EﬁrQ? Y BEFRIESE REt¥€eHHRai ned 5

e tactive sirt FAFHRREs =pf o erdfo FarEOphy depineadi g Mohparsmepfal: .o
ﬁ;e[ a‘ﬁ’gf‘ éﬁ%o rOm%hceﬁ\%%&fzﬁd“%ompartmé@@s%ura%e%n &Xéndrfyargxchange resin
accommodated in the demineralizing compartments, wherein
a pressure of from 0.1 to 20 kg/cm2 is exerted between
the jion exchangers accommodated in the demineralizing
10 compartménts and the cation exchange membranes and anion
exchange membranes defining the demineralizing
compartments.
2. The gpparatus for producing deionized water according
to Claim 1, wherein the thickness of each demineralizing
15 compartment is from 0.7 to 30 cm.
3. The apparatus for producing deionized water according
to Claim 1 or 2, wherein in each concentrating
compartment, a spacer is arranged to maintain the
thickness of the compartment.

20 4. The apparatus for producing deionized water according
to Claim 1, 2 or 3, wherein the pressure is exerted
between the ion exchangers accommodated in the
demineralizing compartments and the cation exchange
membranes and anion exchange membranes in such a manner

25 that the ion exchangers to be accommodated in the
demineralizing compartments are converted to a form

having their volume reduced smaller than the volume of
S

AL



t he dem neralizing conpartnent, and the volume was 10 neasured and found
to be 113% of the volune of the dem neral i zing conpartnent. Further,
the sane dried ion exchanger as in this Exanple was put into the netal
contai ner 10' of the neasuring apparatus as shown in Figure 4, and
wat er was suppPIIe4$96 wher eupon the pressure 15 fornmed wasPQraasvnosds and
found to be 1.3 kg/cnferr]. COVPARATI VE EXAMPLE A sul fonic
acil type (Htype) cation exchange resin having a particle size of
from400 to 600 [err]mand an ion ggchange capacity of 4.5 neqg/g dry
resin (Diaion SK-1B, 20 tradenane, nanufactured by M tsubishi Chem cal

COrporation).anﬁggfgg&%grgﬁﬁ¥da¥nnﬁl £0%¥gﬁeé type) anion

exchange resin "¢l 8981 % o 600 [err]mand an

i on exchange C%Pﬁ§hé¥ai§{%ﬁxg5c@ﬁﬂéftments CiWaheﬁinB‘ux(P's%{&P thatl @’were

tradenane, manufacture t subi shi Chem cal Corporation
regenerated W &Blume ob»ﬂf@@bbeheﬁae&d Eorid o8Nt BE UBSH Sexchiding 8y hyAlr Hxi de

solution, and then mxed in a ratio of cation exchange WO 97/ 34696
PCT/JP97/00896free state becomes from 103 to 170% r&Rtive tor gben/ ani on
exchanger resin = 40/60 (volune ratio in a wet state) to obtaln a

m xture havs ngvaﬁu’f‘%rpfe aﬁggmerahwaaepwpar%m#%f fo3Aowed by

Thi s regener al ed Lo X a00e L e oLt S ah e fe e RrrBhElEs 10 PaCKed

the ion exchangers expand to increase the volume thereby
to increase the pressure.
5. The apparatus for producing deionized water according
10 to Claim 4, wherein the volume of the ion exchangers to
be accommodated in the demineralizing compartments is
reduced in such a manner that the ion exchangers to be
accommodated in the demineralizing compartments are dried
to a water content of at most 30 wt%, and then the ion
15 exchanger are packed in the demineralizing compartments,
followed by supplying water and conducting an electric
current.
6. The apparatus for producing deionized water according
to any one of Claims 1 to 5, wherein the ion exchangers
20 accommodated in the demineralizing compartments are a
porous body having a cation exchange resin, an anion
exchange resin or a mixture thereof bonded by a binder
polymer.
7. The apparatus for producing deionized water according
25 to any one of Claims 1 to 6, wherein the ion exchangers
accommodated in the demineralizing compartments are

constituted by a combination of domains of at least one

A




an el ectrodi al yzer having the sane construction as in Exanmple 1
except that the width of each dem nerali zing conpartnment was 0.8 cm
at a volume packing ratio of 100% After supplying water for 60

m nutes and electric 10 current conducting pretreatnent for 24 hours, the
resistivity wowsues with 10 [err]S/cm was neasured and f oRCXiIP97/00896 t 0 be
1362 [err].cmat a current density of 0.0025 A/cn®. After the
measurenent of the resistivity, production of deioni zed water was
carried out. As the 15 electrodialyzergythe same as used in Exanple 1
except that the thickness of the dem neralizing conpartnents was
different, was used. Usi wat er _hayi ng an el ectrical conductivity of
5 [err]S/cm as Féga°ﬁaf ,nﬁsﬁii@$é¥? soﬁg ag:&ﬁ§§b§WFi88183t at a
current densityegg Qn8Q§ Alcnerr] 20 (voltage =5 V per unit cell),
wher eby treated ma?er * having an electrical conductivity of 0.07

[err]Sicmwas g, oQhtaimRtaeakysad M@ngmioﬁrmwte@ kat8rdsnd. 04
nMerr]/hr. The amount of 'water treated could not be i ncreased, Since
i f the amobunt otowahgrode eft ctaiws 1 2 5i,nehewsiod thehdoal egthasgers
conductivity increased. In. this case, the effective surface area of
t he menbr anes pepccommodatedein| thg dFmipesalzeipaCEPaREBCRsS| a¥ge as 12. 68
nMerr]. WO 97/ 346

PCT/ JP97/ 00896 9ranular c;%?on exchange resin, granglar anion eyghapge ng to

t he apparat us f?%sf%c5¥“¥hﬁgm9§@&¥g 393 eof. Water of the present invention,
t he contact of e 1on

9. "The apparatus for producing deionized water according
to Claim 8, wherein the ion exchangers accommodated in

10 the demineralizing compartments are constituted by a
combination of domains of a granular cation exchange
resin and domains of a granular anion exchange resin.
10. A method for producing deionized water, which
comprises supplying a water to be treated to the

1s deminerélizing compartments of the apparatus for
producing deionized water as defined in any one of Claims
1l to 8 and conducting an electric current at a current

density of from 0.0001 to 0.05 A/cm?.
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exchanger particles with one another and with the ion exchange
menbranes, is increased as accomodated in the 5 dem neralizing
conpartnments of an el ectrodialyzer, whereby the resistivity can be
reduced, and the thickness of the dem neralizing conpartnents can be
made | arge. WO9TM6¥ordingly, it is possible to obtain an aowarerto®shavi ng
a large production rate of deionized water wwth a 10 relatively snal
effective surface area of the menbrane. 1/4 WD 97/ 34696
PCT/ JP97/ 00896 35
CLAl V5 Fibéyljzizératus for producing deionized water conpri sing
an el ectrodi a ng ca i on exchange nenbranes and ani on
exchange nmenbranes alternately arranged between a 5 cathode and an anode
to form dem ner al 4 z-rg—cQnpart nents and concentrating conpartnents,
and i on exchangers T %kwnneralizing conpartnments,
wher ei n a pressure of cnferr] is exerted between
t he i on exchangers acconmodat e 10 conpartnents and
t he cation exchapge nenbranes an , ge menbr anes defini ng
t he dem neralizin conpartnents1 2. T Eﬁgaratus for producing
dei oni zed wat er acgorgpirng . td imY, ! t hi ckness of each
dem neralizing 15\ ¢ m 4 3. The apparat us
for producing deion Z 2

b

in the dem ralizi
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to CQaim1l1l or 2, wherein in each concentrating conpartnment, a spacer

Is arranged to naintain the t hi ckness of the conpartnment. 20 4. The
apparatus for produci ng dei oni zed wat er accordi ng to Caim1l, 2 or 3,
wherein the pressure is exerted bet ween the ion exchangers
accommodat ed i WOF24696 demi neral i zing conpartnents and t heceabégsss
exchange menbr anes and ani on exchange nenbranes in such a manner 25
that the ion exchangers to be accommpdat e¥4in the dem nerali zi ng
conpartments are converted to a form having their volume reduced
smal.l er than the vol unme of WD 97/ 34696
PC/ JP97/ 00896 36 their regenerated
form and then paCHEHC;h}FBEE 25 dem neralizing conpartnments in an anount
such that the vol ume of the regenerated formof the ion exchanger in
a - free state becones from 103 to 170t relative to the 5 gvolune of
the dem neralizing conpartnents followed by suppl yi ng wat and
conducting an el ectric&current e aca. nd to
i ncrease the volunme thgrehy ur g. 5. The
apparatus for produci ng déi oni 3 to % I m4, wherein
the vol une of the ion echg & f.cj dat iV Ehe
dem neral i zi ng conpart nmen - t the ion
exchangers to be —
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accomodated in the dem neralizing conpartnents are dried to a water
content of at nost 30 wt% and then the ion 15 exchanger are packed in

t he dem neralizing conpartnents, foll owed by supplying water and
conducting an electric current. 6. The apparatus for producing
dei oni zed watWwO %348¢ di ng to any one of Clainms 1 to 5,poM®bescBest he i on
exchangers 20 accommopdated in the dem neralizing conpartnments are a
porous body having a cation exchange resBf an anion exchange resin or
a mxture thereof bonded by a binder pol yrer . 7. The appar at us
for, producing :Fl@ ter5accordi ng 25 to any one of Clains 1 to 6,
wherein the io S accommodated in the dem nerali zi ng
conpartnents are constituted by a conbinati on of donains of at |east
one WO 97/ 34696 (a) (b)
PCT/ JP97/ 00896 37 cation exchanger
and domai ns of at |east one 1dni on y exchanger. 8. The apparat us
for produci ng ddiqQni zed wat ey accordin ] to.any..ane..of. ' 1 to 5,
wherein the ion eg\bh@gers , ated..i.n--the-dew-neratzi
conpartments are ¢hange resin, granffaesdni on
exchange resinfof of . 9. The ap us for
produci ng dei oni zed i aleaell o R et —
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to Claima8, wherein the ion exchangers acconmmpdated in 10 the

dem neralizing conpartnents are constituted by a conbi nati on of
dormai ns of a granul ar cation exchange resin and dormai ns of a granul ar
ani on exchange resin. 10. A method for producing deionized water,
whi ch cowrr4ss6 suppl ying a water to be treated to thepcrldpornesos
dem neralizing conpartnents of the apparatus for pr oduci ng dei oni zed
water as defined in any one of Cains 4/41 to 8 and conducting an
el ectric current at a current density of from0.0001 to 0.05
Acnferr]. E 6
(a) (b)
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