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ELETRODEI ONI ZATI ON' APPARATUS HAVI NG GEOVETRI C ARRANGEMENT OF | ON

EXCHANGE MATERIAL Field of Invention This invention relates to an

el ectrodei oni zati on apparatus and a nethod of renoving ions from an
aqueous | i qui dwonmesi4zl ect r odei oni zati on apparat us and, nore pEtALwas! v,
relates to-an el ectrodeioni.zati on apparatus having a plurality of diluting
conpartnments and concentrating conpartnents and a continuous phase of a
first ion exchange materi al W|th a di spersed phase of a second ion
exchange material, and a ORRODEIONIZATION APPARATUS HAVINGUeous |iquid in

such an el ectrodei oni i ar I on The
purification of |iquf %?%&@WWH%. I n

particul ar, pupeldWRifventigh used for many industrial purposes rather than
nerely as dr| nki ng wat er. For exanple, pure water is used in processes for
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resins, ion exchange fmenbranes and electricity to purify the liquids. An
el ect r odei oni z4tinpan paureueliquid in such an electrodeionization apparatus.

Background of the Invention

The purification of liquid has become of great interest in many industries. In particular,
pure water is used for many industrial purposes rather than merely as drinking water. For
example, pure water is used in processes for producing semiconductor chips, in power
plants, in the petrochemical industry and for many other purposes.

Ion exchange resins, reverse osmosis filtration and electrodialysis techniques have been
used to reduce the concentration of ions in a liquid.

Electrodeionization apparatus have recently been used with more frequency to reduce the
concentration of ions in a liquid. The term "electrodeionization” generally refers to an
apparatus and process for purifying liquids which combine ion exchange resins, ion
exchange membranes and electricity to purify the liquids. An electrodeionization module
comprises alternating arrangements of cation permeable membranes and anion permeable
membranes defining compartments therebetween. In alternating compartments, there is
provided ion exchange resin. Those compartments are known as diluting compartments.
The compartments which generally do not contain ion exchange resin are known as the
concentrating compartments. lons migrate from the diluting compartments through ion
exchange resin and ion permeable membranes into the concentrating compartments by
the introduction of current. The liquid flowing through the concentrating compartments
is discarded or partially recycled and the purified liquid flowing through the diluting
compartments is recovered as deionized liquid product.

United States Patent No. 4,636,296 which issued January 13, 1987 to Kunz discloses an
apparatus and method for the demineralization of aqueous solutions. An agqueous liquid




conprises alternating arrangenments of cation perneabl e nenbranes and anion
permeabl e nenbranes defining conpartnments therebetween. In alternating
conpartnments, there is provided ion exchange resin. Those conpartnents are
Known as diluting conpartnents. The conpartnents which generally do not
contain ion exchange resin are known as the concentrating conpartnents.
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electrically regenerable dem neralizing apparatus which has a
deni neral i zi r;gonoﬁlaments or nonwoven fabric of monofilaments by radiation-initiated graft

polymerization. This jon exchange material is contained within the demineralizing
compartment.

The use of such monefilaments in demineralizing apparatus is expensive and, therefore,
has not been readily accepted by purchasers of liquid purification apparatus.

It is desirabie to have an arrangement of ion exchange material in the diluting
compartments of electrodeionization apparatus which does not use monofilaments and
which allows various types of ion exchange material to be arranged in the diluting
compartment in non-layer arrangement but still allowing the liquid to be purified to come
into contact with discrete zones of two types of ion exchange material.
Summary of the Invention

The disadvantages of the prior art may be overcome by providing an electrodeionization
apparatus which has a continuous phase of a first ion exchange material containing
therein a dispersed phase of clusters of a second ion exchange material in the diluting
compartments, and a method of removing ions from an aqueous liquid in an
electrodeionization apparatus having such arrangement of ion exchange materials in the
diluting compartments. This arrangement allows an increase in the thickness and size
thereby permitting more resin to be placed in the diluting compartments and decreasing
the number of membrane areas required for a corresponding increase in flow.

In its broad aspect, the ion exchange material of the invention comprises a porous and
permeable ion exchanger containing cation exchange resin particles and anion exchange
resin particles for use in deionizing an aqueous liguid including a porous and permeable
continuous phase of one of cation exchange resin particles or anion exchange resin
particles and a porous and permeable dispersed phase of clusters of the other of the cation

exchange resin particles or the anion exchange resin particles within the continuous



conpartment. |on exchange groups are disposed on nonofilanents, woven
fabric:of nonofilanments or nonwoven fabric of nonofilanments by
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particles wi thiporédse and npermeables ion exchange material positioned within the diluting
compartments, the porous and permeable ion exchange material comprising a porous and
permeable continuous phase of one of cation exchange resin particles and anion exchange
resin particles and a dispersed phase of clusters of the other of the cation exchange resin
particles and the anion exchange resin particles within the continuous phase. The ion
exchanger preferably is in the form of a shallow bed or sheet having opposite planar bed
surfaces in which the dispersed phase clusters are conterminous with at least one of the
planar bed surfaces. The dispersed phase clusters preferably extend through the shallow
bed conterminous with the opposite planar bed surfaces of the bed. The clusters can be
shallow or elongated cylinders or ellipses, or transversely mutti-faceted such as elongated
or shallow hexagons. The cation exchange resin particles and the anion exchange resin
particles preferably are bound by a binder polymer to form a cohesive bed, said bed
filling the diluting compartment.
In a further aspect of the invention, the dispersed phase clusters of cation or anion

exchange resin particles are exposed with at least one end conterminous with a planar
surface of the bed for contacting the anion permeable membrane or the cation permeable
membrane of the same type, i.c., the clusters of cation exchange resin particles contact
the cation permeable membrane, and the clusters of anion exchange resin particles

contact the anion permeable membrane, and preferably the dispersed phase clusters
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exchanger preferably is in the formof a shallow bed having opposite planar
bed surfaces in which the dispersed phase clusters are conterm nous with at
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can be shallow or elongated cylinders or ellipses, or transversely
mul ti - f acet ed comprrimentyeash defined by a cation exchange membrane on the anode side and by an

anion exchange membrane on the cathode side, comprises feeding the aqueous liguid to
be purified through the diluting compartments in which the diluting compartments have
a continuous phase of a first ion exchange material with a dispersed phase of clusters of
a second ion exchange material, said clusters of said dispersed phase being conterminous
with and abutting at least one of the anion and cation permeable membranes of the same
sign, said clusters of the dispersed phase preferably extending through the continuous
phase conterminous with and abutting both the anion and cation permeable members,
flowing an electrical current between the cathode and the anode, and removing purified
aqueous liquid from the apparatus.

A still further aspect of the invention comprises a method of producing a porous and
permeable ion exchanger which comprises positioning a template having a planar cover
plate with a plurality of shaped, thin-walled hollow elements having open top and bottom

ends depending downwardly therefrom over a designated receiving area, and feeding an

aqueous slurry of one of cation exchange resin particles or anion exchange resin particles
to said template to form a continuous phase of said ion exchange resin particles, and

feeding an aqueous shurry of the other of the cation exchange resin particles or anion

exchange resin particles into the plurality of shaped, thin-walled hollow elements to form

a plurality of dispersed phase clusters of the other of the cation exchange resin particles

or the anion exchange resin particles.



or. shall ow hexagons. The cation exchange resin particles and the anion
exchange resin particles preferably are bound by a binder polyner to forma
cohesive bed, said bed filling the diluting conpartnment In a further aspect
of the invention, the dispersed phase clusters of cation or anion exchange
resin particl eswy@ngposed with at | east one end contenmnous with a
planar surface of the bed for contacting the anion perneable N (L
the cation perneabl e nenbrane of the sane type, ie., the clusters of cation
exchange resin particles contact the catior perneabl e menbrane, and the
clusters of anion exchange resin particles cgnta t the ani on perneabl e
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in a predetermined pattem to form a plurality of dispersed discontinuous phase clusters
of the other of the cation exchange resin particles or the anion exchange resin particles.
A further aspect of the invention comprises a method of producing a porous and
permeable ion exchanger by die cutting a plurality of shaped clusters of cation exchange
resin particles or anion exchange resin particles from a first sheet of said resin particles
to form a continuous phase of said ion exchange resin particles having a plurality of holes
therein, die cutting a plurality of identical clusters of the other of cation exchange resin
particles or anion resin particles from a second sheet of said resin particles, and fitting
said cut-out clusters of the other of the cation exchange resin particles or anion resin
particies into the holes of the first sheet.
The ion exchanger can be formed over an ion exchange membrane for intimate contact
of the dispersed phase of ion exchange particles with the membrane, in a spacer frame
or jig, and the ion exchanger frozen in the spacer frame or jig for transfer.
The invention also includes the step of inserting a shaped mesh preform having a mesh
size smaller than the average particles size into the hollow elements for incotporation into
the discrete discontinuous phase clusters or in the continuous phase of the ion exchange

resin particles.

The shaped preform can have a right cylinder, or right rectangle, right hexagonal or right
multi-faceted prismatic shape.

A honeycomb mesh can be incorporated in one of the dispersed phase clusters or the

continuous phase.

Brief Descriotion of the Drawi

The present invention will now be described with reference to the accompanying

drawings, in which:



alternately arranged between the anode conpartnent and the cathode
compartment to form dem neralizing conpartnments each defined by an anion
exchange nmenbrane on the anode side and by a cation exchange nmenbrane on

t he cathode side, and concentrating conpartnents each defined by a cation
exchange rrenbr‘gag."%]ﬁ%he anode side and by an ani on exchange nenbrane on

t he cathode side, "‘Conprises feeding the aqueous |iquid to bePomisb/em1s

t hrough the diluting conpartnments in which the diluting conpartnments have a
conti nuous phase of a first ion exchange ®aterial with a di spersed phase of
clusters of a second ion exchange material, said clusters of said dispersed
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Referring to Figure 1, a prior art electrodeionization apparatus 10 is shown whereby ions
may be removed from a liquid. In the preferred embodiment, ions such as sodium ion
and chloride ion are removed from water.

The electrodeionization apparatus 10 has a rectangular frame 12. The frame 12
comprises a rigid front plate 14 and a rigid back plate 16 formed of metal. The front plate
14 and the back plate 16 are joined together by a number of tie-bars or bolts 18. Each tie-
bar 18 is inserted into a hole 20 located equispaced about the periphery of the front plate
14 and inserted into corresponding holes 18a in back plate 16. A cathede depicted by
numeral 22 (Figure 2) is located proximate the front plate 14 in a cathode compartment
23 and an anode depicted by numeral 24 is located proximate the back plate 16 in an
anode compartment 25. Openings 26 are located by the front plate 14 to allow liquid to
enter the electrodeionization apparatus 10 for treatment. Insulating electrode block 28
forming an electrode compartment abuts the perimeter of the front plate 14 and
insulating electrode block 30 forming an electrode compartment continuously abuts the
perimeter of the back plate 20. The electrodeionization apparatus 10 has a plurality of
altemating cation permeable membranes and anion permeable membranes depicted by
numeral 32 between the insulating electrode blocks 28 and 30. The cation permeable
membranes and anion permeable membranes 32 define alternating concentrating and
diluting compartments, to be described.
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conti nuous phasexcfangdmatenisl 2xaieafgehiches shiowsintHigure3, dispersed within matrix S0
transversely of the bed plane. The ion exchange materials 50 and 52 preferably are ion
exchange resin particles in the form of beads. The ion exchange material 50 and ion
exchange material 52 exchange oppositely charged ions. For example, if continuous
phase ion exchange material 50 is a cation exchange material, which will have fixed

negative charges to capture cations, dispersed phase ion exchange material 52 is an anion
exchange material which will have fixed positive charges to capture anions. The
transverse arrangement of clusters of the dispersed phased ion exchange material
straddling or bridging the diluting compartments ensures that the aqueous liquid which
flows within the diluting compartments 48 comes into contact with both forms of ion
exchange resins to effectively exchange cations and anions.

Referring to Figures 1, 2, 3 and 4, aqueous liquid to be treated flows through the
openings 26 and through the concentrating compartments 44 and 46 and the diluting
compartment 48. Streams of liquid depicted by arrows 54 and 56 flow through the
concentrating compartments 44 and 46 respectively and a stream of liquid depicted by
arrow 58 flows through the diluting compartment 48. The aqueous liquid contains ions

such as sodium and chloride ions.



The shaped preformcan have a right cylinder, or right rectangle, right
hexagonal or right multi-faceted prismatic shape. A honeyconb nesh can be
i ncorporated in one of the dispersed phase clusters or the continuous
phase. Brief Description of the Drawi ngs The present invention will now be
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1 is a perspective view of a prior art 8el ectrodei oni zati on appar at us;
Figure 2 Is a fragnentary sectional view taken along line 2-2 of Figure
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i nvention; andarrow 58, it comes into contact with ion exchange resin beads, as in the arangement
shown in Figures 3 and 4. Cation exchange resin 50 has fixed negative charges and
captures cations such as sodium ions present in the liquid. Anion exchange resin 52 has
fixed positive charges and captures anions such as chloride ions present in the liquid.
As the ion exchange takes place between the liquid to be purified and the cation exchange
resin beads 50 and the anion exchange resin beads 52, the voltage induces the non-desired
cations and anions typified by sodium ions and chloride ions respectively to travel
through membranes 38 and 40 and into the adjacent concentrating compartments 46 and
44. The ion exchange resin is disposed in a transverse arrangement relative to the flow
of liquid as shown in Figures 3 and 4. This arrangement ensures that most of the liquid
flowing through the diluting compartment 48 comes into contact with ion exchange
material 50 and 52.

In the preferred embodiment, water is purified in the electrodeionization apparatus 10.
The current induces some splitting of water into hydrogen and hydroxyl ions. The
hydrogen ions are transported through the cation exchange resin 50 towards the cation
exchange membrane 38, and through cation exchange membrane 38 into the
concentrating compartment 46, as shown by arrows 66, The hydroxyl ions are
transported through the anion exchange resin 52, towards anion permeable membrane 40,
and through anion permeable membrane 40 into the concentrating compartment 44, as
shown by arrows 62. Thus, the ion exchange resin material 50 and jon exchange resin
material 52 are continuously regenerated.

Anionic impurities, for example chloride ions in the water to be purified in diluting
chamber 48, are taken up by the anion exchange resin material 52, by the usual ion
exchange mechanism, and are then transported along with hydroxyl ions through the
anion exchange resin up to, and through anion permeable membrane 40, into
concentrating compartment 44 as shown by arrows 60. At the same time, an equivalent



Fi.gure 7 Is a side elevation of the apparatus shown in Figure 6 nounted
I n . a conpartnent spacer franme. Detailed Description
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continuously ab edtiiEn %qggtﬁ%@ f %m{i@‘aﬁo%@a.eAg saeti ivalent
el ectrodei oni zaﬁ%n appgr at'us 4%aa'sshg’ pldrality of %et er naltnic'naé‘eggltvlagﬁ
per meabl e menbr amesntaf dydmiy ionsendmjnirity agiohy is treuspaded fromdanladiapentdituting3 2
between the insul ati l ectrod | ocks, 28, and,30.,The cajd on perneabl e
nenbr anes and aﬁ?%?ﬁfﬁ'gef‘ﬁ‘é‘ foR ga‘ﬁ’ég‘b?fﬁgﬁﬁhﬂ‘gnyw‘ﬁ%ﬁng concentrating
and di |l uting corTpewhtsEfdws thioSghBe EhSartaliftompartments 44 and 46 to a waste tank (not
shown) or is recycled. The purified water flowing through the diluting compartment 48
is recovered as product.
It is understood that the dispersed ion exchange cluster material 52 may be of any
geometric shape within the ion exchange matrix material 50, e.g. cylindrical, conical,

frusto-conical or elliptical in cross-section, or multi-faceted in cross-section such as

hexagonal right prismatic, to increase the surface area of the clusters.

Figure 5 shows another embodiment of the arrangement of ion exchange resin material
50 and 52 of the present invention within the diluting compartments of an
electrodeionization apparatus in which the dispersed cluster phase 60 in cylindrical form
is aligned transversely within the diluting compartment and is continuous with and
contacts an ion permeable membrane of the same charge, i.e. the same sign. For
example, an anion exchange resin cluster 60 would be contiguous with and contact an
anion permeable membrane 62. Preferably, the ion exchange clusters or islands extend
through the continuous phase and are conterminous with the opposite faces 64, 66 of the
bed 49, as typified in Figure 3, whereby the dispersed clusters are contiguous with and
will abut and contact both the anion permeable membrane and the cation permeable
membrane,

The cluster 50 may be formed from a shallow bed or sheet of a continuous phase of ion
exchange resin particles of a first or second ion exchange material, bonded by a
polymeric binder, by die cutting clusters of the desired size and shape from the sheet.
A sheet of a continuous phase of ion exchange resin particles of an jon exchange material
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PCT/ CA97/ 00018 7 Figure 2 shows
representative concentrating conpartnents 44, 46 and a representative

di luting conpartnment 48, between the concentrating conpartnments, in further
detail. CatioQY](pg{zrﬁrgﬁbl e nmenbranes 36 and 38 and ani on perneabl e nmenbr anes
40 and 42 define concentrating conpartnments and dil uti ngPEHEALOMIENt S.
Spacers (not shown) are placed between the nenbranes in the diluting
conpartnments and concentrating compartnemds. The spacers in the diluting
conpartments 48 have openings for placenent of ion exchange material such
as i on exchangmavingsinroppesitéschéd@e bohdedi Byl a tpolymusic resim bavingaplurdity ef dwdgsge
resin may al so be placed within the concentrat.in rt .. Ei es 3
and 4 show a ﬁW@%%%@é%ﬁmﬁeaﬁﬁmﬁ@ﬁ & r’i°§ pé(??wf hﬁ;eegc%lri'esent
i nvention to hgy laReks Wb hiNify b Bpplisié Hafle if GRaTtiNPRictidthl slgagemen tdfogmr e 2.
A bed 40 of porous and perneabl’e continuous phase, i.e. matrix, of ion
exchange mat ertheliolGxkbangersp| dr shermoplastic spadyraerica bmder sygh; A% @y lovhdepdous
and perneabl e clu | =2l R &6 isCh is
shown in Fi gurpglﬁbg%b%%%%ﬁgﬂgwe{&ggritﬁrﬁgﬁg’vlgragéﬁly of tﬂ,éﬁléedte)?g

pl ane. The i orfosx chevigsivershezt onbed Sucture sbifabjer fofr handling, avhile iretainingcgrodge

resin particles in the, formof, beads. The ion exchange [ nd ion
exchange nat erBoResitgd il WWE““G?\%@’ i%ngé"sgioe%@#ﬁ%
conti nuous phas?lg?tg £ r30d Secdhd nleRbhangk matedalcat i on exchange nmaterial ,

which will have T1Xxed negative charges to capture catons, dispersed, phase

i on exchange riEticepirats 5l permeable iom Axehangesm gRR bavfamed| iggsite in $he dilytinge
e oS R bR R ) Bl sty s,
bri dgi ng the didtivér meerdppuiteeNa firse fisiaxclmnphimatetitlaind qmovots of 2 gesond iomi ch
forms of 1 on ceheNEsanREt S DEHER foe b SRR AsEe casapiae JhJomh s,
e o R RN el 1 teniscigintins:
46 and the di | with adiscontipupusphase of 3 seginddomexchange mptarial. dds desived oyIpder ofoys 54
and 56 flow t hirn&wuaf glespersed domains, e.g., cylindrical clusters of the second jon exchange
material, can be formed directly. Individual dispersed domains of the second ion
exchange material of various shapes, such as cylindrical or hexagonal right prismatic,
conical, frusto-conical, and the like, can be formed by varying the number, shape and
position of the dispensing nozzles and by varying the rate of delivery of the second ion
exchange material in coordination with the delivery of the continuous phase of the first
jon exchange material. The continuous phase of the first ion exchange material can
readily be formed with the use of a plurality of dispensing nozzles by varying the
number, size and geometric arrangement of these metering nozzles, the relative amounts
of ion exchange materials delivered by the respective nozzles, and by the relative rate of
delivery. The metering of ion exchange materials can be achieved by a number of means,
including the use of screw feeders, displacement feeders, gravity, and the like. The array
of nozzles provides the desired pattern of ion exchange materials; however, it may consist
of a subset thereof, the entire desired pattern being built up by changing the relative

positions of the assembly of dispensing nozzles and the diluting chamber frame or

template.



concentrating conpartnents 44 and 46 respectively and a streamof liquid
depicted by arrow 58 flows through the diluting conpartnent 48. The aqueous
l'i.quid contains ions such as sodi um and chl ori de ions. WO 97/ 25147

PCT/ CA97/ 00018 8 Electric current

fl ows between tWwe®asfapde 22 in cat hode conpartnent 23 and the anode 24 in
anode conpartnent 25. The current across -cathode 22 and anode PSA/GA/0epas8
varied to control the overall efficiency of_ the electrodeionization
process. As the liquid to be purified flowstthrough the diluting

conpartment 48 gs depi¢ted by arrow 58, it co i.nto contact with ion
exchange resin WWW%W%WY w‘yldﬂg‘(fr&@dsm@ﬁama?ms
Cati on exchangeof g §irfl igeltRisngk 'ni&%af‘&%ﬂfs%ﬂ&%ﬂ@:&hﬁﬁﬁi BAR AIPGAL, 115

such -as sodiumions present I'n the liquid. Anion exchange resin
fixed positive &wrthersquined pattemed configuratiorsofsa rohtinious phase pfiefiisbiop epchasgant i n

the liquid. As the .on.exchange takes ace hetween the liguid to b
purified and thy&ef%z&wgﬂ@gwéwﬁgm%gen a‘l&?é“%‘f@gnﬂ@?&@ﬁag
resin beads 52, sidhez témiplatOfer cylihidfies dbih@ind & shdaal ih Fibueest &1dS7. aTemplRieONDs,
typified by sodiumions an ﬁqhsjﬁgdride I ons respectively tao travel .through

menbranes 38 anW‘YﬂﬁP%qﬂ‘git‘h & AFSHT mmﬁd’i‘ﬁﬂ%ﬁ edShipawaliedholiows and
Co the flow of Planrdesauiboiod sais Bl oinhlrf B PLIARERTRN ASRE | L
that nost of t hisolategidothains of the second ion exchange material depending downwardly from a

planar cover plate 103. Cover 103 defines the desired area of the continuous phase of

the first ion exchange material. Feed tubes 104 for introducing the first ion exchange

material in the form of a slurry of the ion exchange material suspended in water and

discharge tubes 105 for removing excess water or other fluid used in transporting the first

ion exchange material, project upwardly from cover plate 103. A perimeter wall 106 may,

if desired, extend downwardly around the edge of template 101 and a peripheral flange

107 may extend outwardly from the edge of the template coplanar with cover plate 103.

In use, the template is placed within a diluting compartment spacer frame 110 (Figure 7)

with wall 106 seated on and in contact with an ion exchange membrane 111. The first

ion exchange material is sluiced into the template via feed tubes104 and discharge tubes

105, as indicated by arrows 112 and 113, thereby providing the desired continuous phase

of the first ion exchange material. An aqueous slurry of the second ion exchange material

can be flooded onto the cover plate 103 to fill the tubes 102 with the second ion exchange

material, excess ion exchange material being removed by means of a wiper by wiping

off the excess second ion exchange material flush with the cover plate 103 or by flooding

the cover plate 103 with water to rinse off excess solid material. Cover plate 103 may

in turn have a cover, not shown, spaced therefrom to form a shallow passage coextensive

with the width and length of cover plate 103 to direct the aqueous slurry uniformly across
the cover plate 103 and avoid channelling for uniform deposition of the second ion
exchange material in the domain tubes 102.The rate of filling of the tubes to form the
discontinuous phase domains can be controlled by varying the sturry flow rate and the
slurry density.



flow ng through the diluting conpartnment 48 conmes into contact with ion
exchange material 50 and 52. In the preferred enbodi nent, water is purified
in the el ectrodeionization apparatus 10. The current induces some splitting
of water into hydrogen and hydroxyl ions. The hydrogen ions are transported
through the caty, g%ﬂﬁpange resin 50 towards the cation exchange nmenbrane
38, and through cafl exchange nenbrane 38 into the concentrBCTAI497/00018
conpartnment “46, as shown by arrows 66. The hydroxyl ions are transported

t hrough the ani on exchange resin 52, "towarlds ani on perneabl e nenbrane 40,
and t hrough ani on perneabl e menbrane 40 into the concentrating conpart nent
44, as shown byTlertemplateQd] m%ﬂmnbﬁﬁmﬁexp&mfgmeﬂé&ilmmt%d&im&ﬁtﬁﬁd i on

exchange resin terlal ar contl nyous rated, Aniqgnic
pur 1 e f orOtaRIouS BRsE I GRS 1 EchaRge MGl D rsommigt? s mpase
diluting Cha”b%fcﬁ&ter@éﬁeéﬁh%é*ﬁ e haferiaWithin SeGpapRa€si N material 52,

by the usual ion exchange nmechanismy and are then transported along with
hydr oxyl ions tHreoemsw aﬂgemmnm&ng%ﬂk septs 08 thexwpper mirfage lof spacem

por el TR e . g PR B e GRS FOLIo 4 8 BT

PCT/ CA97/ 00018 membranel DIl mfxetmdﬁogen ions and i rrpurl ty cations is

transported from an adj acent d| I ut| .ng conpartnent. i ntqQ cgoncentratin
chamber 44, as M out with the use of a working jig, not shown, in lieu

of the diluting spacer frame 110. A jig frame seated on a plastic film, with an
embodiment of cover plate 103 seated thereon, can receive continuous and discontinuous
phases of ion exchange particulate material having opposite charges by sluicing or
flooding slurries of the ion exchange material into the respective cavities, as shown in
Figures 6 and 7. Alternatively, a plurality of dispensing nozzles can be used to form a
desired patterned configuration of continuous and discontinuous phases in a jig. The bed
comprised of the continuous and discontinuous phascs can be transported to a site for
packing into a diluting compartment.

The fabrication methods can be used to achieve patterns with differently shaped domains
by altering the template accordingly. The present fabrication methods can also be applied
to making other patterns and configurations in which neither phase of material is
continuous.

The required configuration of a continuous phase consisting of a first ion exchange
material with a discontinuous phase of a second ion exchange material can be stabilized
by means of a fine mesh defining the respective continuous and discontinuous regions.
The openings in the mesh permit the flow of the water to be treated. The openings in the
mesh are somewhat smaller than the ion exchange beads to be separated. Preferably, the
relative sizes of the mesh openings and the ion exchange beads is such that in the
compacted state obtained in a diluting chamber, the ion exchange beads on either side of
the mesh come into contact with each other. Deionization can also be obtained with finer
mesh where the jon exchange beads on either side of the mesh are in close proximity, up
to a few bead diameters, but do not touch.

Cylindrical preforms or thimbles of mesh can be placed inside the patterned template
described above in the area of the patterned template corresponding to the discontinuous



Cationic inpurities, for exanple sodiumions, in the water to be purified
in diluting chanber 48 are taken up by the cation exchange resin materi al
50, by the usual ion exchange nechanism and are then transported al ong

wi th the hydrogen ions through the cation exchange resin up to, and through
cation perneabl gwg@pkigane 38, into concentrating conpartnment 46 as shown
by arrows 64. At the same tinme, an equival ent ampunt of hydr oBHY/GASHE$
impurity anions is transported froman adjacent diluting conpartnent into
concentrating chanber 46, as shown by'arro&% 68. The water flows through

th t ti t, t.s, 44 d 46 .t t k t h . i
Fecyol ed. The p@thi ERCRIRERERE of B o FeUREHAERB PLI0F S PEr o BHBahs | s
recovered as pr Q:Egdﬁfelenieﬁts'r@m#iﬂ@ﬁi)&idﬁ@ﬂx thb fdsukting patteRP6f B dxdtRhg SMARANI A

cluster material 52 may be of any geonetric shape within the Ton exchange
matri x material sigle pretormoy|multiple peaformsmaisoccan befplaped dn thenarem pf the paiteringd | cal
I n cross-section r. multi-faceted in.cross-section such as hexagonal right
prismatic, to i ﬁ%‘?@%‘g?‘{ﬁ@%ﬁ&%?&cgﬂl&mﬁ clusters. Figure 5 shows
anot her enbodi nmahé i@f exchangs bedils ¢aiBeadded selevtively Gia pateni b mvan®éfdispehsifh and
52 of the present inventign within the dilutin ,orrp%rrent s of, an,

el ect r odei oni zaPPBFsapaesrnhed abgvs, tp single Pﬁ@"&i‘%%@ﬁg’ fras eqcupying eithsg of |,

cylindrical for gl @hthoht AR LoAGbuYPHalsN t he dil uting conpart nent

and is continuous Wi th and contacts an ion perneabl e menbrane of the sane
charge, i.e. thdhefimemeshcan feqroddedngsiindividual praform eslls oo mydtipleintercaninestedr 60

et or ity ULk A0 Bl e o P, RO B bR G g o
rereranly, e a
conti nuous phas grigfdlica mtiﬁdiﬂumw1mmﬁtamnﬁw@swahBﬂm&xﬁﬁmeﬁ&oﬁ{ t he

bed 49, as typified in_Figure 3, whereby the dispersed clusters are
conti guous wi t hOarm jg fiy mgmdlsme cylingrigal domaing haviag g diaspeterc dbaw) cmedbor ane

and the cation BeirIRABH fuePRHRLORA Smesl UEIHaYAL Bhonl BB cBifheuRhidhi 123 &

shal | ow bed or a cont1 nuous phase [ exchandge resin particles
of a first or segemnallyxylindnidabdomeaind icay inaliametey mathdndiyidualells ofd.5 cmbividther |

Sheet “of a cont FIBIE fter SFctoy wpenitie PReTTepE PRERGSR Y dogya

exchange nat eri Bécoming embedded in the domain, and facilitates introduction of the ion exchange

material by means of dispensing nozzles.

An elongated fine-mesh honeycomb slab 124 having dimensions to fill the compartment
can be used for either or both the continuous and discontinuous phases to receive and
stabilize the resin material from nozzles.

Fine-mesh honeycomb preforms can be formed by cutting to a desired shape and fitted
into cylindrical holes in a patterned template and/or such preforms can be inserted into
and comprise an integral part of the continuous phase of the template.

The required configuration of a continuous phase consisting of a first ion exchange
material with a discontinuous phase of a second ion exchange material can be produced
in a jig and frozen while wetted with water for convenient handling during stack
assembly in the frozen state. The required configuration also can be produced in a jig
with an ion exchange membrane and/or with a concentrating or diluting spacer frame to
yield a sub-assembly which can be conveniently handled during stack assembly in the
frozen state. Once assembled, the stack is allowed to thaw yielding the desired patterned
ion exchange materials, constrained and stabilized in the diluting chambers.
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opposite charge bonded by a polyneric resin having a plurality of holes
corresponding in size and shape to the clusters 50 die cut therefrom can

receive the culg | usters 50 having the opposite charge in
tight-fitting frictional engagenent to formthe ion exchangePST/GA97/00018
t her nopl astic pol yneric binder such as a | ow density pol yet hyl ene, |inear

| ow density pol yethylene, or the |ike, inlé&n amount sufficient to forma
cohesive sheet or bed structure suitable for handling, while retaining good
porosity, |i quildwikberaaderitoddthatitieseanetbodsizisogmn bepmed foy formiing pattensddon o

formthe starting sheets of .the firsi an econd ion _exchange terial. The
bor ous and per FRUBTES RfeRl i AArysiatiog 135 SEEPIRCaparel 1Emen Pvelhes & 14 | ng
conpart nents byjechéchemeaPion @kchahgerdevieks, di spensi ng nozzles to accurately and
efficiently deliver nmetered anounts of a first ion exchange material and

amount s of a sddsmethod and apnaratuscof therayentipn wilknay be deseribediviathreferange tofhe
chanber frane X : e required patterned configuration of a
B GphE Sl Sl

conti nuous phase ange material with a discontinuous
phase of a sec®@XAMPLEkchange material. The desired nunber of individual
di spersed domains e ' ' '

material, can b P - ey ayd e er— ra-

second i on exchsEhifleNedmOf Vvari ous shapes, such as cylindrical or
hexagonal right prismatic, conical, frusto-conical, and the |ike, can be
formed by varyiGempetativeexporments Warpccondusted using an electrodeionization apparatus with

three diluting compartments. The apparatus consisted sequentially of: a 1.8 cm thick
stainless steel end plate; a 2.5 cm thick PVC insulating electrode block; a platinum coated
titanium anode; and approximately 0.1 cm thick electrode compartment spacer consisting
of polypropylene mesh in an elastomeric frame, which frame served to seal the unit and
to define fluid distribution ducts; an approximately 0.07 cm thick cation permeable
membrane; an approximately 0.1 cm thick concentrating compartment spacer consisting
of polypropylene mesh in an elastomeric frame, which frame served to seal the unit and
to define fluid distribution ducts; three diluting/concentrating pairs in series each
comprised of an approximately 0.07 cm thick anion permeable membrane, an 0.8 cm
thick diluting compartment consisting of an open polypropylene frame for sealing and
fluid distribution and for containing the ion exchange material to be evaluated, a fluid
distributor and a fluid collector equipped with strainer slots to retain jon exchange beads
in the diluting compartment, a 0.07 cm thick cation permeable membrane, and an
approximately 0.1 cm thick concentrating compartment spacer; an approximately 0.07
cm thick cation permeable membrane, an approximately 0.1 cm thick electrode

AL S tep

compartment spacer, a stainless steel cathode, a 2.5 cm thick PVC insulating electrode
block, and a 1.8 cm thick stainless steel end plate. The dimensions of the working area
of the fluid compartments (electrode concentrating and diluting) and the electrodes were
13 em wide and 39 cm long in the direction of fluid flow. The components of the
electrodeionization stack were held together in compression by 16 x 1.0 cm diameter
threaded tie rods positioned in holes around the perimeter of the stainless steel end plates.
In the usual manner, the apparatus was provided with fluid ducts, defined by openings,



position of the dispensing nozzles and by varying the rate of delivery of
the second ion exchange material in coordination wth the delivery of the
conti nuous phase of the first ion exchange material. The continuous phase
of the first ion exchange nmaterial can readily be formed with the use of a

plurality of diewesakfyg nozzl es by varying the nunber, size ar} orretrl o
arrangenment of these netering nozzles, the relative am)unts of RPN nge
materials delivered by the respective nozzles, and by the relative rate of
delivery. The netering of ion exchange mat @A al's can be achieved by a
nunber of neans,, including the use of screw feeders, Zé%l aceneni feeders;

gravity, and thénlth?(@”%%“ddﬁ?’ﬁm fepths| @?%B‘F’B‘é“:?sttﬂ dater oyoepurilisd, of
i on exchange mttSMlﬁh%%%\éﬁlz\f? 3o RO gtﬁ'fﬁeatwa@crﬁ%nﬁﬂlp&ﬁunyég gghneﬁtg‘e

entire desired pattern nging the relative positions of
the assenbly of tdifeedavater tothercaneéntrating aid telectraficicompartmentsatoiyemove water foom the

tenpl at e. WD 97/ 25147

PCT/ CA97/ 00018 COPRRBAMESPRBRFTReat fdte regunye pater o theslegedrogmpprmentsy The

efficiently del iwdériébe irftle StFRHinEsts dnsidtel bf Mlnitipal debhking Water WHidh Hag
and of a second ion _exchange nmaterial, as slurries, to formthe required
patterned confi d{f%ﬁr%ﬁ @G@W&ﬂ@%ﬁ@@@f“ﬁlﬂﬂd@F@Wn&MﬂgBﬂ“

) 2o e BTN by RAZSE s, A5G 000 L SOAFPI e

and 7. Tenpl at e tafkl, This ryieldaddfeeti wget with ecosiduxitivisyl of appreximatetyo 3peS/anes ’I&xe

plurality of shaped e anfeleciode Opatiaients were fed with filtered and sofiened water
having a conductmty of about 350 :S/cm.
A first experiment was conducted in which the three diluting compartments were each
filled with approximately 270 g of a bound intimate mixture, 50/50 by volume of dry
Diaion strong acid and strong base ion exchange resin, in the sodium and chloride forms.
The electrodeionization stack was then regenerated by passing water to be purified at
flow rate of about 0.8 gpm through the diluting compartments, passing water through the
concentrating and electrode compartments at a flow rate of about 0.2 gpm, and applying
a current of about I Amp. The flow rate to the diluting compartments was increased to
a target of about 1.3 gpm, the current was increase to 2.0 Amps, and the feed conductivity
was 3.09 uS/cm. Under these conditions the steady-state product water resistivity was
found to be 11.2 MQcm.
A second experiment was conducted in which the three diluting compartments were each
filled with a patterned bound arrangement of dry Diaion strong acid and strong base ion
exchange resin, in the sodium and chloride forms. The pattern used consisted of a first
continuous phase of about 147 g of dry bound anion exchange resin containing 72 x 1.9
cm cylindrical domains of second dispersed phase of about 123 g of bound cation
exchange resin. The electrodeionization stack was first regenerated by passing water to
be purified at a flow rate of about 0.3 gpm through the diluting compartments, passing
water through the concentrating and electrode compartments at a flow rate of about 0.1
gpm and applying a current of about 1 Amp. The flow rate to the diluting compartments
was increased to the target of about 1.3 gpm, the current was increased to 2.0 Amps, and



open-ended el ements 102 such as holl ow cylinders defining the perineter of
the desired isolated domains of the second i on exchange material dependi ng
downwardly from a planar cover plate 103. Cover 103 defines the desired
area of the continuous phase of the first ion exchange material. Feed tubes
104 for introQﬁgh 17he first ion exchange material in the formof a slurry
of the ion exc iﬁ? terial suspended in water and di schar gBCHGARM000185 f or
renovi ng excess water or other fluid used in transporting the first ion
exchange material, project upwardly fromX®ver plate 103. A perineter wall
106 may, if desired, extend downwardly around the edge of tenplate 101 and

a peri pheral fthalieﬂcmmﬁwmmwmmun&mhdseomdﬁﬁmswgmdw-sm@mMI ate
coplanar with cover ate 10 u tenplate is placed within a

di I uting conpaPeife P SUPLRCES ‘Wﬁwﬁbiigxfépgﬂ?e 7) with wall 106 seated on
and in contact ywifl lae AfiderfibdS SEbRRE AhAMRSHifdatodslchn bd hadé inthé embodimemb afige
material is sluiced into the tenplate via feed tubes |04 and dlch%r e

tubes 105, as fhednvention deseribed mnmﬂmahépm from: theFoRs, B RIFAE™t
desired contin ﬂﬂ?gxchange material. An aqueous
slurry of the isilg'g%hn Q?ggﬁ%&(?kanggpéﬁ{ee” can be flooded onto the cover
plate 103 to fill the tubes 102 with the second i on exchange materi al,
excess ion exchange material being renoved by nmeans of a w per by w ping
of f the excess second ion exchange material flush with the cover plate 103
or by flooding the cover plate 103 with water to rinse off excess solid
material. Cover plate 103 may in turn have a cover, not shown, spaced
therefromto forma shall ow passage coextensive with the width and | ength
of cover plate 103 to direct the aqueous slurry uniformly across the cover
pl ate 103 and avoid channelling for uniformdeposition of the second ion
exchange material in the domain tubes 102. The rate of filling of the tubes
to formthe discontinuous phase donmai ns can be controlled by varying the
slurry flowrate and the slurry density.




101 is then r'enfved fPonithe spacer fr 11%5”!"@5& ng the desired pattern
of continuous phase of first ion exchange material wih di scontinuous

di spersed phasewdogispgt ers of second ion exchange material within the
spacer frame, The outwardly extendi ng peripheral flange 107, JEHCAB 001 o
upper surface of spacer frane 110, thereby obviating the need for perineter
wal | 106 to seat on ion exchange nenbrane 1371 if preferred. This procedure
al so can be carried out with the use of a working jig, not shown, in |ieu-
of the diluting WREEAIMM;ane 110. A jig franme seated on a plastic film

with an enbodi nept of I 03 seat Hﬁ;ﬁgg iye .

cont i nuous and d?’scon%?’%’%%n% aseé'éle(’)‘?nelxgbr?gge%% ange ggﬁﬁ%%%ﬁrﬁnamflsﬁ

havi ng opposi t e addbanirasexblyangt rasiti pagticlos fér we it dejoriding & aprowsfliguidbconiprising a

exchange material into fhe r ective cavities, as sho in Figures 6 and

T ALt o nat 1 vel yPOTRS Rk BRFTERPIb Conimucs FRse Pl 0% F SLop FrowAuss, Esth Pasteles o

desired pat ernedafoiibxchiugd!fipdiciEOilaporis aif ferfleftoNshetiid et fileey) 2
' pé?ﬁcl_ i and di'sconti nuous phase

jig. The bed conprised of the continuou s S can be
transported to aofthe ethtnof theekiom grchage resinlpdrticlesay theanion exchange refincparticles

fabrication net h%qgeﬁgnﬁogﬁ%ﬁ%?_ to achieve patterns with differently shaped
dormai ns by al terth e e accordingly. The present fabrication

met hods can al so2.be ampionescHatigerBdldithedinttiim/ldi hich thedtitexeBaigeitis irfthe € | N
whi ch neither phase _of material is continuous. The requi.red 4c30nf I guration

of a continuous Phsballavbedhaying grnositeplanar bed sufaces gadiinhichsaid.disparsediphase,
di sconti nuous phﬁggﬁggrg%mg&ﬁiﬁﬁlﬁ&gpdmgf% hiatbef@tabg. st abili zed by

means of a fine fining the respective contil nuous and di sconti nuous
regi ons. The opehi ngsAn joniekehanges s qiimed in dldite 2fih which dispéreed\phaserclusterdmtend

treated. The o pe&}or&gﬁ tﬂeghgi%% bed and are conterminous with the opposite planar bed surfaces of
the bed.
4. An ion exchanger as claimed in claim 1, 2 or 3 in which the clusters are shallow

ecrscao7, ood Il I I HIS SHELT,LAS BEEN | 12 The templ at e

cylinders or ellipses.

5. An ion exchanger as ¢laimed in claim 1, 2 or 3 in which the clusters are elongated
cylinders or ellipses.

6. An ion exchanger as claimed in claim 1, 2 or 3 in which the clusters are
transversely multi-faceted.

7. An ion exchanger as claimed in claims 3 in which the cation exchange resin
particles and the anion exchange resin particles are bound by a polymer binder to form
a cohesive bed.

8. An ion exchanger as claimed in claims 1-6 in which at least one of said dispersed
phase clusters or the continuous phase have embedded therein one or more shaped mesh
preforms having a mesh size smaller than the average size of the resin particles, said
preforms having a right cylinder, right rectangle, right hexagonal or right multi-faceted
prismatic shape.

9. An ion exchanger as claimed in claims 1-6 in which at least one of said dispersed
phase clusters or the continuous phase have embedded therein a honeycomb mesh having

a mesh size smaller than the average size of the resin particles.
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mesh ar “ r than the i[of, { ’.mT ito be separated.
Preferatlmmmmlmm ﬂ sizes of the ("hgstamd the i on exchange
beads is*suEh thdt i*n tthe conpacted jstate v dHved inja diluting chanber,
the ion exchange beads on either side of the nmesh cone into contact with
each other. Deionization can also be obtained with finer mesh where the ion
exchange bead N2 her side of the nesh are in close pr oxi PET/QA970R01B0 a
few bead diranmeters, but do _not touch. Cylindrical preforns or thinbles of
mesh can be placed inside the patterned tesmpl ate descri bed above in the
area of the patterned tenplate corresponding to the discontinuous

WO 97/ 25147 10.  Anion exchanger as claimed in claim 10 in which said honeycomb mesh bas a
PCT/ CA97/ 00018 phase

oo g 1 el sl g thecuthor divpeies AGDS Asprrsedpbase sy o, 1 e

cylindrical Eﬁﬂﬁg Gﬁhlﬁﬁ
exchange materl aI éﬁ% pre?x(‘)rmo rruqﬁti'ﬁ)l%igﬁg‘?eforrrs alis%hgﬁﬁ?%%g

pl atced in thﬁ mmm%mtlmmﬂ@omﬂhﬂgeme@mmggﬂgnﬂmlngcmmt_and
conti nuous phase e.i on exchan s_can added. sel ectively in,a
pattern by meaf%agjen gx 8‘5 3%8@&"88’&1’%{88% 4,

preformor ml berﬁkﬁlamézramamﬂﬁewﬁfwmeﬁex@mgbre&npmclemtmmus
and di sconti nuous phases. The fine nesh can be provided as jndividual

preform cells whmgqrpmpm:mm@admﬂ ?ﬁism@hﬁm ficlpsters of Shg

circle, or rlgh t ahape
w th individua e&%‘% ﬁgﬂ%ﬁ%%@ﬁﬁ&o@&éﬁxﬁ%%@% HS% out
the continuous phase as claimed in any of claims 1-10, smdbedﬁllmgsmdcomparunent.
12. An apparatus for demineralizing an agueous liquid comprising an anode

compartment having an anode and a cathode compartment having a cathode, and a
plurality of cation exchange membranes and anion exchange membranes which are
alternately arranged between the anode compartment and the cathode compartment to
form demineralizing compartments each defined by an anion exchange membrane on the
anode side and by a cation exchange membrane on the cathode side, and concentrating
compartments each defined by a cation exchange membrane on the anode side and by an
anion exchange membrane on the cathode side, and a porous and permeable ion
exchanger as claimed in any of claims 1-10 filling said demineralizing compartments.
13. A method for demineralizing water in an apparatus including an anode and a
cathode compartment having a cathode, and a plurality of cation exchange membranes
and anion exchange membranes which are alternately arranged between the anode
compartment and the cathode compartment to form demineralizing compartments each
defined by an anion exchange membrane on the anode side and by a cation exchange
membrane on the cathode side, and concentrating compartments each defined by a cation
exchange membrane on the anode side and by an anion exchange membrane on the
cathode side, and a porous and permeable ion exchanger as claimed in any of claims 1-10
filling said demineralizing compartments, comprising feeding water to be demineralized
to said demineralizing compartments, flowing an electrical current between the cathode
and the anode, and removing demineralized water from the apparatus.

14. A method of producing a porous and permeable ion exchanger as claimed in

claims 1-6, which comprises positioning a template having a planar cover plate with a
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configuration 122 a gener al | y"cyt-tties n 3 cmin dianeter
wi t h individual ceIIs of 0 5 cmwdth filling the domains effectively
constrains the waregghange material within the domain becom ng enbedded
in the domain, and facilitates introduction of the ion exchan5 ICART/N0L |
by neans of dlspen5|ng nozzles. An elongated fine-mesh honeyconb slab 124
havi ng dimensions to fill the conpartivent 18an be used for either or both

t he continuous and di sconti nuous phases to recelve and stabilize the resin

mat eri al from nd?b‘zﬂéx of sianed. thinswalled hejlewrtiements baving enen top and bavem|epds
cutting to a de t,0

patter%ed t enpl g%x;e and/ or sﬁ%prﬁ%&n@%and%%&c?@w%%hqﬁ%n se
an integral paraqebussheryosfiohe ofication gxbizmge ®hin patickeonanivhexchaiigeaesin particlesl
configuration of a.continuou hase . consi I on exchan

rarer Pl wi o arE GRS G orh Ao IS PR O i A S AR GRS 1
be produced i Nfedink%nattecks SERY ofthel othapRF iR Catibr Exchiit rresﬁxpﬁmﬁaes/&%ﬁ&ﬁ

handl ing during stack assenbly in the frozen state. e required

configuration ammm&ephﬂdwﬁghamd{ﬁmmﬂ%hdwwm ane

Ub- assenbl y  unf Bin Chsisresnl e it IR B of R et Eethiel dimmriirs, (e
frozen state. Cameaﬁasastdhmgerédﬂepm is allowed to thaw yielding the

desired patterneg I on exchda materi al s, const ral ed and stabiljzed in the
di luting chanbef A metho g/ porous an ble jon exchanger as claimed in

PCT/ CA97/ 00018 ¢jaims 1-6, which comprises positioning an array of dxspensmg nozzles for selectively

gbiufm; szlwnmtmtummﬂ s gzﬁ;ﬁﬂi@f‘fmg‘swﬁm g e vant

dispensing an aqueous shurry of cation exchange resin particles or anion exchange resin
particles over a designated receiving area, and feeding to said designated area an aqueous
shury of one of the cation exchange resin particles or the anion exchange resin particles
to form a continuous phase of said ion exchange resin particles, and feeding an aqueous
slurry of the other of the cation exchange resin particles or anion exchange resin particles
in a predetermined pattern to form a plurality of dispersed discontinuous phase clusters
of the other of the cation exchange resin particles or the anion exchange resin particles.
16. A method of producing a porous and permeable ion exchanger as claimed in claim
7, die cutting a plurality of shaped clusters of cation exchange resin particles or anion
exchange resin particles from a first sheet of said resin particles to form a continuous
phase of said ion exchange resin particles having a plurality of holes therein, die cutting
a plurality of identical clusters of the other of cation exchange resin particles or anion
resin particles from a second sheet of said resin particles, and fitting said cut-out clusters
of the other of the cation exchange resin particles or anion resin patticles into the holes
of the first sheet.

17. A method as claimed in claim 14 or 15, forming said ion exchanger over an ion
exchange membrane for intimate contact of the dispersed phase of ion exchange particles
with the membrane.

18. A method as claimed in claim 14 or 15, forming the ion exchanger in a spacer
frame.
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It wi I Iuﬂf that these| THINSHBEPHAS g{@@ be used for form ng
patternedl mn ﬂm ,erl als in ,oncerngpghcﬂg and el ectrode spacer
franmes, as*wet| tas M nsnom- el ectroch e devices. The net hod
and appar at us of the invention wll now be described with reference to the
fol | ow ng nonglg % ?II ve exanple. EXAMPLE 1 Exenpl ary Conparative Behavi our
of Patterned I|on ange Mediumv. M xed Bed i on Exchange NEIrQa$r/00018
Conparati vé experinments were conducted using an el ectrodeioni zation
apparatus with three diluting conpartneng8. The apparatus consisted
sequentially of: a 1.8 cmthick stainless steel end plate; a 2.5 cmthick
PVC i nsul ati nd%el e&tmethied ablcdmingdmqlmmhmriﬁcﬁmnmdﬂtelwmmchmgenm;gavnad

approxi mat el y ¢ t hi ck de .c art nent spacer consisting of

pol ypropyl ene %é‘i‘ P PYPPRHIn, §I ?’Pﬂ“?r%"ﬁi#ﬂ‘f’frarre served to seal the
unit and to depj ne:\frhéthdlﬁbﬁididdbh'&lhﬁmsjﬂﬁézﬁxgsaﬁlm P b ¥pdderOfantel t hi CK
cation perneabl e nenbrane, an approximately 0.1 cmthi ck concentrating

conpart ment sphcer Ac@#bP‘%ﬁ plginaed lpcqla}@r@pﬁeem& said o exchanget insthe digr for
frame, which gf{ andto define fluid distribution -
ducts; three di tlng conc |ng palrs Fn series each conprised of an
appr oxi mat el y22. 07Amﬁdﬂwﬂmﬁ@clwmmmmhmﬁﬁm&aﬁﬁghh\eﬁk

diluting conpartne onsi sting of an n.pol ypropyl ene frame for sealing

and fluid di sf‘l"??fﬂm Bﬁ’aﬁﬁlf "ééﬁ?é‘?‘ﬂﬁﬁg’qlﬁ °Y°§W"gxchange rrat erial to be

eval uated, a Hbui daGheiddiab bfafthedd laith {3, wmﬁf&ﬂ? foBH gﬁg%rai ner
he di

slots to retain ion exchange beads in t uting corrpartrrent 7 cm
thick cation wmm&ﬂm;magﬁhansmpmme@verMMhusﬁme
concentrating fpQaRar t ment spacer; an appr oximately 0.07 cmthick cation
per neabl e rren‘Brane an approximately 0.1 cmthick el ectrode conpart nent

spacer, a stab4l esA méthed acelhibeddn chim 23 i3 bdid khdisv&prdf&ui Bdviga fighet r ode
bl ock, and a 1.8 cmthick stajinless steel end plate. The dinensi ons of the

working area ®f qdﬁreorm&h maﬁsaasmﬁsasovépbeshtm taseied Rrismatic fhanen
diluting) andz§he gl {GhEPsCSaiNRESn claim 11 or 12, locating a plurality of shaped mesh

preforms having a mesh size smaller than the average size of the resin particles in the

receiving area defining the continuous phase of the ion exchange resin particles.

26. A method as claimed in claim 24, said shaped preform having a right cylinder,
or right rectangle, right hexagonal or right multi-faceted prismatic shape.

27. A method as claimed in claim 14 or 15, selectively providing a honeycomb mesh
in the receiving area for incorporation in at least one of the dispersed phase clusters or
the continuous phase.

28. A method as claimed in claim 22-27, freezing said ion exchanger for transport.
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13 cmw de and 39 cmlong in the direction of fluid flow The conponents of
the el ectrodei oni zati on stack were held together in conpression by 16 x 1.0
cm dianmeter threaded tie rods positioned in holes around the perimeter of
tthe stainless steel end plates. In the usual manner, the apparatus was
provided wi th faléthsg4sct s, defined by openings, ) 971‘(?15é£97//ooms
PCT/ CA97/ 00018 _ 15 in the
spacers and nenbranes, for the follow ng purposes: to feed water to be
purified to the diluting conpartnments; to renove purified water fromthe
diluting conpartnments; to feed water t he concentrating and el ectrode
conpartnents; to renove water fromthe TConcentrating conpartnents; and to
remove water frorfjBele{ PRIORIEARTartments. The water to be purified in
t he experinents consisted of nunicipal drinking water which had been first
filtered with activated carbon, softened4@th a sodi ul@cation exch

unit, partially poni zed rse os I's, and storgd in a 800 gal
pol ypr opyl ene st or gge : [ ' ivity of
approximately 3 pS/ ' S were

fed with filtere ft ' i ?,8? ut 350
ijng

pS/cm A first §x er}
conpartnments wer &padh | gb i ntinmate
m xture, 50/50 b olju ) [ [ stfjong bage ion
exchange resin, fn e i ] eIe rodei gni zati on
stack was then rgg flg
]
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flowrate of about 0.8 gpmthrough the diluting conpartnents, passing water
through the concentrating and el ectrode conpartnents at a flow rate of
about 0.2 gpm and applying a current of about | Arp. The flowrate to the
diluting conpartnments was increased to a target of about 1.3 gpm the
current was i ngpeasy0 2.0 Anps, and the feed conductivity pegfcadvbidis
pS/cm Under these conditions the steady-state product water resistivity
was found to be 11.2 Merrlcm A second experinment was conducted in which
the three diluting conpartnents wer ch filled with a._pia.tterned bound
arrangenment of dry Diaion strong acit and stropg, base io 4xchange resin,
in the sodium and chloride forns. TheFlﬁ,G,ern g’e ons+sted of a fi 38
continuous phase of about 147 g of dry bound anige
containing 72 x 1.9 cmcylindrical donains of~Second] di spersed pHagle” of
about 123 g of bound cation exchange resi [ i

was first regenerated by passing water to 66
about 0.3 gpmthrough the diluting co rt p?sgi-n.g. vvater t hrgagh t he
concentrating and el ectrode conpartne att a f\l oW rate off @hog gpm
and applying a.current of about |I Amp. The row*é.t.e;to t Be dj

conpartnments was increased to the target of about 1.3~ghm 5 nt was

i ncreased to 2.0 Anps, and WO 97/ 75147 -
PCT/ CA97/ 00018 :
conductivity was 2.74 pS/cm Under these cand/fl ons the s

pr oduct FIG.4. S\f\
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water resistivity was found to be 17.88 Merrjcm It will be understood, of
course, that nodifications can be nade in the enbodi nents of the invention
deser’ii bed herein without departing fromthe scope and purview of the
i‘'nvention as defined by the appended cl ai ns.

17 VE CLAl Nyg9rds147 A porous and perneabl e ion exchangerl,g.p&;\?.},w”@
cation exchange resin particles and ani on exchange resin particles tor
use in deionizing a aqueous.liquid conprising a por ous and perneabl e
continuous phase of one of cation exchange resin particles or ani on
exchange resin particles and a porous gpg perneabl e di spersed phase of
clusters of the other of the cation exchange resin particles or the anion
exchange resin particles in tﬁgﬁcmﬂ nuous phase, in which the ion
exchanger is in the formof a s k bed havi ng opposite planar bed
surfaces, and in which rd di spersed phase clusters are cont er m nous

with at | east one of said\prpyr bed surfqgfi. 2. An ion exchanger as
\ersed phas l usi@Bs extend t hrough t he

claimed in claim2 in whgch d
shal | ow bed a £ conyRyy m nolisgwiih the opposite p ar bed surfaces of
the bed. _“ﬁ)éﬁﬁ I onNeRCAANSaEE =t i i or 2 in which the
clusters angpzhallt\ == - i ) An i d22exchdldr as
claimed in . [ ¥re elOmgated cyling&rs or

el l'ipses. 5. Clege\1 of===mp.yMi Lh the

clusters ar ¢ ) Ry 0

FiG. 7.

105 102 104 12
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mul ti-fac n exchanger as claimed in claim1l or. 2 in which
the cl ustiﬂﬂmgﬂﬁlulmmml ylinder, right rectangle, right hexagonal. or
fight nulti*faceted prisratic shape 7. An i on exchanger as clainmed in
clains 2 in which the cation exchange resintparticles and the anion

exchange resin s are bound by a polyner binder. to forma cohesive
bed. 8. An |@$¢L‘§b§nger as clainmed in clains 1-6 in which at | east one

f d di d h i he ontlnuous hase haye enbedded
Cher ol n one or or o ARGy Eele i bRk MRRR S8G CetSearre partiles
the average si zmdahidnch@fze ResiPpdriSlee for ﬁ@h%&érﬁ%ftﬂg %qplé’o‘ﬂfs;&gg@ec& Mo

cylinder, right rect angl e, right hexagonal or . (
shape. 0. AquTQmi Bycpramgahle agntumaunphlase mfcdnmdf&aﬁoxﬁexdhaﬂév fbinParti @S br

one of said dis ers hase cl ust r the conti nuous ase have enbedded
therein a honei‘gl 97 REFHS o5 aada BpIous %Pwe}eabhaﬁspméd ahase af clusferse

of the resin p éﬂéng r clained in, claim
9 in which sai ?fh%ﬁ%t;ﬁ/?oorfbﬂmn%as onﬁgs a %gﬁq} %&@(ﬁlﬁ?&xﬂﬁ?g@? nE %ﬂg%@s%paﬁfﬁ
di aneter of t hdn diespmtinecuspiase it lwiitie . iod kxchanfér BARIRAE S & shallow bed

dem neral i zi ng, an aqueous liquid c rising a demneralizing conpartnent
havi ng a cati oR3¥RgHPRGEERIAR %?ip trewhicht $aid disperaed please chustbraare

h th f .t artnent and a porous
ijogere)r(r;aglngeﬁg%gx 9&%%{:@%{%8 %ﬁ%?é‘g 0 Q&T“&O%Fp1 on exchange resin
particles or agjon @Eﬁbﬁ%aﬁ%@h@cl@ﬁ{efd'xﬁEﬁﬁn@ﬁﬁ%&?ﬁ%ﬁi&&e@ﬂ&s@@ﬁxﬁﬁ%&end

di spensed phase of clusters
through the shallow bed and are conterminous with the opposite planar bed surfaces of
the bed.

3. Anion exchanger as claimed in claim 1 or 2 in which the clusters are shallow

i C

A

cylinders or ellipses.

4, An jon exchanger as claimed in claim 1 or 2 in which the clusters are elongated
cylinders or ellipses.

5. An ion exchanger as claimed in claim 1 or 2 in which the clusters are transversely
multi-faceted.

6. An ion exchanger as claimed in claim 1 or 2 in which the clusters have a right
cylinder, right rectangle, right hexagonal or right multi-faceted prismatic shape.

7. An ion exchanger as claimed in claims 2 in which the cation exchange resin
particles and the anion exchange resin particles are bound by a polymer binder to form
a cohesive bed.

8. An jon exchanger as claimed in claims 1-6 in which at least one of said dispersed
phase clusters or the continuous phase have embedded therein one or more shaped mesh
preforms having a mesh size smaller than the average size of the resin particles, said
preforms having a right cylinder, right rectangle, right hexagonal or right multi-faceted
prismatic shape.

9. An ion exchanger as claimed in claims 1-6 in which at least one of said dispersed
phase clusters or the continuous phase have embedded therein a honeycomb mesh having

a mesh size smaller than the average size of the resin particles. .REPL ACEMENT SHEET
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ot her of i ge resin particles or the anion exchange resin
particl esl)mmmﬂglm*lmgmgnuous phase as clained in any of clains 1-10,

'sai d bed cl i Os artment. 12. An apparatus for dem neralizing an
aqueous |iquid conprising an anode conpart&®nt havi ng an anode and a

cat hode conpartnent having a cathode, and a plurality of cation exchange
menbranes and &l on Amvicharbmgerasvidmesd indliin D mrwhich s RetlegtomiPmes1aed cell
bet ween t he anode cglgfartnent and the cathode conpartnent to form

deni ner al i zi ngWedhsaalierthansthe xadthos diameteriof thadispereed Rhrserlusiess.menbr ane on

t he anode side;and | OF [ ne..on. £ he cat hode side,. .and

concentrating %gmaﬁﬁgﬁ@%i;%ﬁg%#@g@g@%gﬁ%ﬁ#@ 1 ompiishe arf&ﬁﬂ?%f _

the anode si decdhrient Bavifi @ BatfoNCIXaRGRe BRMBIARCODEN fige SAMDEKiARdHiGy AR d 2
|

porous and perneabl e i on exchanger as claimed in any of clains 1-10 i ng
sai d deni ner al & amign exchange membgane 3. the othensidh of thecomimntment atd z pousvandr

I n an apparatus incl.udi an _anode and cat hode conpartnment having a,

_cat hode, and ap?ﬂqﬁfc‘l?if' g?‘g&ﬁ""&ﬁ?‘fo&ﬁ pg@é& Hgﬂﬁee“ﬂ‘éﬁ?ﬁflﬁﬁ EFSERARCleS QrhamioR
menbr anes whi c ; ] ARIE t Idl nd
t he cat hode co%(pcg?%’?gjﬁ%lﬁ? gﬂ#ge%ngé% nerg??géer%(aglgr%%re %@nggﬁgssgg)ggﬁu%gﬁ%g by

an ani on exchasther ofehdxation exchahgreresinpaeticiasde tirhidy exthamgde rosin aeidRs Sithin

menbrane on the cathode side, and concentrati ng conpartnments -each defined

by a cation exéfspRibuguTRhaseas chimedin 3y ofel 18, saidihed filling spidicomparimente

menbr ane on thg, cat d Lde, cand a . r bl.e i on_exchanger .as
clained in anyﬁgjf cggi %Ea%g%oﬁgi %@ﬁg&égﬁg ge]%qﬁegor“g:aﬁg?ﬁgmé“ 35’1%[ R rgee
conpri sing f eeghinigarit@éng hatitged AedE A8d 3l dafitfdetcOnfaitthedCAAVISY aldaiolE and a
conpartnments, flow ng an electrical current between the cathode and the
anode, and rerpluialiy ¢f eatiosr echangs membranés and anion aphangt usemitranes witichwrhod
of producing a,poroys and r meabl e i on, exchanger. as, cl ai in clainms 1-6,
whi ch conpri se"gpeﬁ"&?ti? |a8'ﬁ?$?§%§g? &, MPds £ °pt %@e 86‘5586 PAMIRALtETE 0 o

form demineralizing compartments each defined by an anion exchange membrane on the

anode side and by a cation exchange membrane on the cathode side, and concentrating
comﬁartments each defined by a cation exchange membrane on the anode side and by an
anion exchange membrane on the cathode side, and a porous and permeable ion
exchanger as claimed in any of claims 1-10 filling said demineralizing compartments.

' 13. A method for demineralizing water in an apparatus including an ancde and a
cathode compartment having a cathode, and a plurality of cation exchange membranes
and anion exchange membranes which are alternately arranged between the anode

| compartment and the cathode compartment to form demineralizing compartments each
defined by an agxion exchange membrane on the anode side and by a cation exchange
membrane on the cathode side, and concentrating compartments each defined by a cation
exchange membrane on the anode side and by an anion exchange membrane on the
cathode side, and a porous and permeable ion exchanger as claimed in any of claims 1-10
filling said demineralizing compartments, comprisiﬁg feeding water to be demineralized
to said demineralizing compartments, flowing an electrical current between the cathode
and the anode, and removing demineralized water from the apparatus.

14. A method of producing a porous and permeable ion exchanger as claimed in

claims 1-6, which comprises positioning a template having a planar cover plate with a
P
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plurality of shaped, thin-walled hollow el enents having open top and bottom
ends depmmmummwu therefrom over a designated recetving-.area, and
feeding &M  UEORRS of one of cation exchange resin particles or

ani on exchange resin particles to said tenbfate to forma continuous phase
of said ion exchange resin particles, and feeding an aqueous slurry of the
ot her of the cpluraity exfchapege thiesvatiep dollowl sdements daviag open hepnged besom ends
particles into the plurality of shaped, thin-walled hql]ow elenments to form
a plurality of deReggieseVIdly BprEaPEy AV JenEne eeCIYIng HEeas A4l dpPding Ainge

resin particle ' ( ' hGl . f
produci ng a po%%é&amg%gg@?%%&g&%%%w gg&gfgy%}%tﬁhﬁngrgﬁgg\%c%s
whi ch conpri sefp £66 ténislateng forn acominuehs phap of shiddon exdtatge fedin [Rfidsd, aM@! v

di spensing an aqueous slurry of cation exchange resin particles or anion
exchange r esi nfegdingiapl aguequseiury ofcthe gther o theeestionienchange ssinpatti¢lerdi anjon o

sai d designated area an agueous. sl urr f e af ,the i gn exchange Jesin
particles or tf& egﬁs%g%ﬁ%.ﬁsggor i3 %?ﬁ@?@%’ W’Mﬁ@%&%ﬁ%ﬂ@g se
of said ion eX&?&Mﬁy Bﬁcﬁ#ﬁ&sﬁ@?hés_@ cRiSters$¥dnd 6@e} Gﬂth_@@atﬁﬂpé?c@li&gé haiil ?farﬂéle& he
ot her of the cation exchange rfesin particles or anion exchandge resin

particles in aophedsioarerthange maintparticléso form a plurality of di spersed
di sconti nuous félase cl ustgrz of the other of the cation exchange resin,
i

particles or the anf\dRcER¢ RARFEUFBSiPPaRS 114 Rameale ion pxghaRgrsds slaimed in
. produci ng a po 1l 2 : . al ' [ -Gl e
Cutting & ol orapie 8 waRE TEAR s 0GR oy 87 bRl 1 olivel
or ani on exchadigenkiag ah aquiolis sliney of datioh axdlangé resiiepirticlés Graintbnl exShahge resin
particles to forma continuous phase of said _ ion exchange resin particles
havi ng a pl ur apartiglessivena fesignated receiyingfres, and feedige o said designatpd grea pa agueous|

ot 7 O, {0 el BB S0 RS T M RS
cut-out cl ust eStoph aldoRtRINAE phadk of 8d foRlekSHAnge Fe'éﬁ%ﬁidl@?iﬂ%ﬁ@diﬁ%ﬁﬁne edls

anion resin particles into the holes of the Tirst sheet. hod as
claimed in cl alwrydf the othBy offthe crting exchiavge resin paxtiches geaniow exchangeiresm partilesnge

nb f inti t.act of the di .ph foi
rombr ane for |t el ¢ C0Ryach a0l ki SieRTHy SFiBIESR Bleoh SRt ShE Fasters

of the other of the cation exchange resin particles or the anion exchange resin particles.
16. A method of producing a porous and permeable ion exchanger as claimed in claim
7, die cutting a plurality of shaped clusters of cation exchange resin particles or anion
exchange resin parﬁcles from a first sheet of said resin particles to form a continuous
phase of said ion exchange resin particles baving a plurality of holes therein, die cutting
a plurality of identical clusters of the other of cation exchange resin particles or anion
resin particles from a second sheet of said resin particles, and fitting said cut-out clusters
of the other of the cation exchange resin particles or anion resin particles into the holes
of the first sheet.

17. A methodas c}éimed_in claim 14 or 15, forming said ion exchanger over an ion
exchange membrane for intimate contact of the dispersed phase of ion exchange particles
with the membrane.

18. A method as claimed in claim 14 or 15, forming the ion exchanger in a spacer

frame.
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24. A method as claimed in claim 22 or 23, said shaped preform having a right
cylinder, or right rectangle, right hexagonal or right multi-faceted prismatic shape.

25. A method as claimed in claim 11 or 12, locating a plurality of shaped mesh
preforms having a mesh size smaller than the average size of the resin particles in the
receiving area defining the continuous phase of the ion exchange resin particles.

26. A method as claimed in claim 24, said shaped preform having a right cylinder,
or right rectangle, right hexagonal or right multi-faceted prismatic shape.

27. A method as claimed in claim 14 or 15, selectively providing a honeycomb mesh
in the receiving area for incorporation in at least one of the dispersed phase clusters or
the continuous phase. |

28. A method as claimed in claim 22-27, freezing said ion exchanger for transport.
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ih the receivi ng area for incorporation in at |east one of the dispersed
phase clusters or the continuous phase. 28. A nethod as clained in claim
22- 27, freezing said ion exchanger for transport.
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An eiectrodeionization apparatus adapted to remove jons from a liquid, the apparatus having a cathode proximate a first end of
the appararus and an anode proximate the opposite end of the apparatus and having a plurality of alternating diluting compartments and
concentrating compartments positioned between the cathode and the anode, the diluting and concentrating compartments defined by anion
and cation permeable membranes, and ion exchange materiat positioned within the diluting compartments, the diluting compartments having
thercin a continuous phase of a first ion exchange material containing 2 dispersed phase of clusters of & second ion exchange material.
The method of removing ions from a liquid in such an electrodeionization apparatus comprises passing an aqueous liquid to be purified
through the diluting compartments in which the diluting compartments have the continuous phase of a first ion exchange material with the
dispsersed phase of a second ion exchange material.




