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FIELD OF THE DISCLOSURE

This disclosure relates to systems and methods of water treatment, and
methods of making a system or apparatus for treating water. More particularly, this
20  disclosure relates to systems and methods of water treatment using an electrical
purification apparatus, and methods of making an electrical purification apparatus for

treating water.

SUMMARY
25
One or more aspects of the disclosure relate to a method of preparing a first
cell stack for an electrical purification apparatus. The method may comprise securing
a first anion exchange membrane to a first cation exchange membrane at a first
portion of a periphery of the first anion exchange membrane and the first cation
30  exchange membrane to form a first compartment having a first fluid flow path. The

method may also comprise securing a second anion exchange membrane to the first



- 2 - cation exchange nenbrane at a second portion of the periphery of the
first cation exchange nenbrane and a first portion of a periphery of the
second ani on exchange nmenbrane to forma second conpartnment having a second
fluid flow path in a direction diffesent fromthe first fluid flow path.
Each of the first conpartnent and 5 The second conpartnent nmay be
constructed and arranged to provide a fluid contact of greater than 85% of
the surface area of each of the first cation exchange nenbrane, the first
ani on exehamegechargeomembraandt a sesosdpontian obtheqeripheryiahthe firsindstiane.
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the second cation exchange membrane. The method may also comprise forming a

20  third compartment by securing the first spacer assembly to the second spacer
assembly at a second portion of the periphery of the first cation exchange membrane
and at a portion of the periphery of the second anion exchange membrane to provide a
stack assembly having a spacer disposed between the first spacer assembly and the
second spacer assembly. Each of the first compartment and the second compartment

25  may be constructed and arranged to provide a direction of fluid flow in a direction
different from the direction of fluid flow in the third compartment.

Still other aspects of the disclosure may provide an electrical purification
apparatus comprising a cell stack. The cell stack may comprise a first compartment
comprising a first cation exchange membrane and a first anion exchange membrane.

30 The first compartment may be constructed and arranged to provide a direct fluid flow

in a first direction between the first cation exchange membrane and the first anion



exchange nmenbrane. The cell stack nmay al so conprise a second conpartnment
conprising the first anion exchange nenbrane and a second cati on exchange
menbrane to provide a direct fluid flowin a second direction between the
first anion exchange nenbrane and tbg_second cation exchange nenbrane Each
of the first 5 conpartnent and the second conpartnment constructed and
arranged to provide a fluid contact of greater than 85% of the surface area
of the first cation exchange nenbrane, the first anion exchange nenbrane,
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from the first direction. The electrical purification apparatus may comprise a first

25  electrode adjacent an anion exchange membrane at a first end of the cell stack. The
electrical purification apparatus may also comprise a second electrode adjacent a
cathode exchange membrane at a second end of the cell stack. A blocking spacer may
be positioned in the cell stack and constructed and arranged to redirect at least one of
a dilute fluid flow and a concentrate fluid flow through the electrical purification

30  apparatus and to prevent a direct current path between the first electrode and the

second electrode.



10 than 85% of the surface area of each of the alternating ion diluting
conpartnents and ion depleting conpartnents. The nmethod may further
conprise fluidly connecting a seawater feed stream conpri sing about 35, 000
ppmtotal dissolved solids to an inlgt of the electrical purification
apparatus. The nmethod may further conprise fluidly connecting an outlet of
the electrical purification apparatus to a potable point of use. 15 BRI EF
DESCRI PTI ON OF THE DRAW NGS The acconpanyi ng draw ngs are not i ntended
to be drawn tlo stiddheheriaspecteoidhadiselgsire.eavethpd ehpiovalinga saveerdly i denti cal
conmponent _that is.illust d i arious 20 FIGs,. is represented by a |ike
e at - PostiIE ol iero b S ot sy XsBuaF e Bisvitiml e EREGEEC | abel a1 n
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or nore enbodi ments of the disclosure; FIG 4 is a schemtic_ jillustration
of a portansiuced and asranged togapvide p it ey dma swoaéﬂgﬁﬁt%h@fns df&sMance with
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ion depleting compartments. The method may {urther comprise fluidly connecting a
seawater feed stream comprising about 35,000 ppm total dissolved solids to an inlet of
the electrical purification apparatus. The method may further comprise fluidly
connecting an outlet of the electrical purification apparatus to a potable point of use.

15
BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are not intended to be drawn to scale. In the
drawings, each identical or nearly identical component that is illustrated in various
20  FIGs. is represented by a like numeral. For purposes of clarity, not every component
may be labeled in every drawing.
In the drawings:
FIG. 1 is a schematic illustration of a portion of an electrical purification
apparatus in accordance with one or more embodiments of the disclosure;
25 FIG. 2 is a schematic illustration of a portion of an electrical purification
apparatus in accordance with one or more embodiments of the disclosure;
FIG. 3 is a schematic illustration of a portion of an electrical purification
apparatus in accordance with one or more embodiments of the disclosure;
FIG. 4 is a schematic illustration of a portion of an electrical purification

30  apparatus in accordance with one or more embodiments of the disclosure;



5el ectrodei oni zati on apparatus conprising a nenbrane cell stack positioned
I n a housing in accordance with one or nore enbodi nents of the disclosure;
FIG 7 is a schematic illustration of a side view of a portion of an

el ectrodei oni zati on apparatus conprising a nenbrane cell stack positioned
in a housing in accordance with one or nore enbodi nents of the disclosure;
10FIG 8 is a schematic illustration of a nethod of securing a nenbrane
cell stack in a housing in accordance with one or nore enbodi nents of the
di scl osure; FIG. 5 ifa @heatis illusgataneid gdd viewsif agortom offana net hod of

securing.a nbrane cell stack in.a housjing i cgordance.with one or nore
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met hod ofousg i hAGrdanBEWRAJAE of Bloke dRbdiMekts bhthe dieusiurg i n accordance with
one or nore énbodi nents of the disclosure; FIG 11 is a schematic
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i N a hoUsjub@giif a@eddnEaReE onk bhmoneerbodibests efitthediisvintee; of the di scl osure;
20FIG 13 is a schematic illustration of a nmethod of securing a nenbrane

cel | stack i rF1&-Houspehgmaric dlustridemele wie Hewrd 2ot Brbodi ment s of the
di scl OSLlarlgétrodﬁ%)Pg%€$r%eqp%§aﬂ§coﬁ1@%h§%5ﬁbfahk WSl 53l ARitRine@ it hod of
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FIG. 9 is a schematic illustration of a method of securing a membrane cell

stack in a housing in accordance with one or more embodiments of the disclosure;
FIG. 10 is a schematic illustration of a method of securing a membrane cell
15  stack in a housing in accordance with one or more embodiments of the disclosure;
FIG. 11 is a schematic illustration of a method of securing a membrane cell
stack in a housing in accordance with one or more embodiments of the disclosure;
FIG. 12 is a schematic illustration of a method of securing a membrane cell
stack in a housing in accordance with one or more embodiments of the disclosure;
20 FIG. 13 is a schematic illustration of a method of securing a membrane cell
stack in a housing in accordance with one or more embodiments of the disclosure;
FIG. 14 is a schematic illustration of a method of securing a membrane cell
stack in a housing in accordance with one or more embodiments of the disclosure;
FIG. 15 is a schematic illustration of a method of securing a membrane cell
25  stack in a housing in accordance with one or more embodiments of the disclosure;
FIG. 16 is a schematic illustration of a method of securing a membrane cell
stack in a housing in accordance with one or more embodiments of the disclosure;
FIG. 17 is a schematic illustration of a multiple-pass electrical purification
apparatus in accordance with one or more embodiments of the disclosure;

30 FIG. 18 is a schematic illustration of a blocking spacer in accordance with one

or more embodiments of the disclosure;



FIG 17 is a.schematic illustration of a nmultiple-pass electrical
purification apparatus in accordance with one or nore enbodi nents of the

di sclosure; 30FIG 18 is a schematic illustration of a bl ocking spacer in
accordance with one or nore enbodi nepts of the disclosure; -6. FI G
19 is a schematic illustration of spacer assenblies and a bl ocki ng spacer
positioned therebetween in accordance with one or nore enbodi nents of the
disclosure; FIG 20 is a schematic illustration of a portion of an

el ectrical pWRIGEigata smhezﬁampﬁlaswatim 0¢"®pq;ne'r ssismgbhescfmldla hockeng spasért i oned in a
housi ng i n. .accprdance with one or nbodi ne of th di scl osure;
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one or PNEsgpodi nents of the disclosure; FI G 22 is a schematic

illustration of a portion of an electrical purification 10 apparatus
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conpri sirgre@ntbplim&iasihpaitiok@eed in a housing in accordance with one or
nore enbodi nents of the disclosure; 15FI GS., 24A and 24B_are schematl C
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conpri si second nodul ar unit, and a bIocklng
spacer pdgg?(?fzoe}r?@&lf@%&ﬁ ?/\%ﬁg‘ﬂg?uﬁgaccor dance with one or nore enbodi ments
of the di scl A3 82 is a schematic illubtk4Bond T al poridorsafmmraddatidcal pSdatiahi on of a

bl ocki ng spacer in accord nce with o npre enbodi nents of the

di sclfosAPgaratus comppfiag axg |SEa°]éP%%ﬂ%‘?FaﬂPé‘?‘PP?IB%P’r%‘(‘PP’iS]ﬁn‘EﬁW]éh 8Paer assenbly
i n accorgance,pid mné‘@ftﬁédﬁ&r?ur@m()d' ments of the disclosure; FIG 27
is a schematlc iTTustration of a cell stack in accordance with one or nore
enbodi nent s dFIGSh23Aiasd P3B areschematic illustrations of a portion of an electrical
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purification apparatus comprising a cell stack positioned in a housing in accordance
with one or more embodiments of the disclosure;

15 FIGS. 24A and 24B are schematic illustrations of a portion of an electrical
purification apparatus comprising a first modular unit, a second modular unit, and a
blocking spacer positioned therebetween in accordance with one or more
embodiments of the disclosure;

FIG. 25 is a schematic illustration of a blocking spacer in accordance with one

20  or more embodiments of the disclosure;

FIG. 26 is a schematic illustration of a spacer assembly in accordance with one
or more embodiments of the disclosure;

FIG. 27 is a schematic illustration of a cell stack in accordance with one or
more embodiments of the disclosure;

25 FIG. 28 is a schematic illustration of a cell stack in accordance with one or
more embodiments of the disclosure;

FIG. 29 is a schematic illustration of a cell stack in accordance with one or
more embodiments of the disclosure;
FIG. 30 is a schematic illustration of a spacer in accordance with one or more

30  embodiments of the disclosure;



25FIG 28 is a schenmatic illustration of a cell stack in accordance with
one or nore enbodi nents of the disclosure; FIG 29 is a schematic
illustration of a cell stack in accordance with one or npre enbodi nents of
t he di scl osure; FIG 30 is a schematic illustration of a spacer
in accordance with one or nore 30 enbodi nents of the disclosure;, - 7 -
FIG 31 is a schematic illustration of an expl oded view and through of cell
stack of spacers and nenbranes in accordance with one or nore enbodi nments
of the di scl oBlff.&1 is a schemtiGilhBRation of anchiplvded viciv dndshnoaglh ohcalf a

Cross- sectlo vi ew and detail ed vi of a,partiall ell stack in
accor dant@ekg tsﬂa‘iﬁ’ﬁsea”arm% ré‘n‘ésrfﬁélﬂ‘f%@l g vt qrﬁé)ra}og%pgéﬂcfglent% e FIG 33 is
a schemagikQoddrd:ustration of part of an assenbled stack in accordance with

one or nore enbodi nents of the disclosure; FIG 34 is a schematic
i | lustration BIG.33 Ibwmadedl@bmoﬂarpr%cséﬁtérah‘@éw\m@ detedebnswatt mor e
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accordance nore enbodi nent s
of the djisabaselre; FI G 36 Is schematic |IIustration of a section

view of a cell stack in accordance with one or nore enmbadi rren(gv of the
di scl osure; 1Bi. 33 isysehsmatie dhstationcofinartpd ep aeseableskstackipgesprdancss a spacer

in accor‘ggﬁgﬁeg\{llrng eéﬁnﬁ?‘ﬁ%m‘?@f Bt lg:lgtaggi gﬁ\ljgt s of the disclosure; _ FI Gs.

38A and are sc rations of a detail of a spacer in
accordance w Fl@.Gaés oscheniatc ﬂlﬁaﬂaﬂnmﬁ& (nfbrmdﬂéecﬂsmcd:rOBlaCtmrdﬂcawﬁhBB is a
cross-section of FlI G, 38A afJ l.ine B-B. 20FIG 39 is a schematic
i 11 Ul r a9negH mre smbpdigientsy §lbea &1eSWRd nenbranes in

FIG. 35 is a schematic illustration of a section view of a cell stack in
accordance with one or more embodiments of the disclosure;

FIG. 36 is schematic illustration of a section view of a cell stack in accordance
with one or more embodiments of the disclosure;

15 FIG. 37 is a schematic illustration of a top view of a spacer in accordance with
one or more embodiments of the disclosure;

FIGs. 38A and 38B are schematic illustrations of a detail of a spacer in
accordance with one or more embodiments of the disclosure. FIG. 38B is a cross-
section of FIG. 38A along line B-B.

20 FIG. 39 is a schematic illustration of a stack of spacers and membranes in
accordance with one or more embodiments of the invention;

FIG. 40 is a schematic iltustration of a stack of spacers and membranes in
accordance with one or more embodiments of the invention;

FIG. 41 is a schematic illustration of a stack of spacers and membranes in

25  accordance with one or more embodiments of the invention;

FIG. 42 is a schematic illustration of a stack of spacers and membranes in
accordance with one or more embodiments of the invention;

FIG. 43 is a schematic illustration of a stack of spacers and membranes in
accordance with one or more embodiments of the invention; and

30 FIG. 44 is a schematic illustration of a stack of spacers and membranes in

accordance with one or more embodiments of the invention



accordance with one or nore enbodi nents of the invention; FIG 40 is

a schematic illustration of a stack of spacers and nenbranes in accordance
with one or nore enbodi nents of the invention,; FIG 41 is a
schematic illustration of a stack of ,spacers and nenbranes in 25 accordance
with one or nore enbodi nents of the i’nvention; FIG 42 is a schematic
illustration of a stack of spacers and nenbranes in accordance with one or
nore enbodi nents of the invention; FIG 43 is a schematic

illustration of a stack of spacers and nenbranes in accordance with one or
nor e enbodi mept f the_.j.nvention; and .30FI 44 is a SC tic
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| n cert anhodidamodi menbssecarciao dieigpusing. Rot exampieteimeabraddsergpaest ry of the

menbr anes d spacers. be of any suitable geonetry such that the
menbl,oanégaygﬂgreg%gg@ggmgép%glngg%pggl PGS &%88$ng _E‘%‘é{@RF Qq YT ai n
enbodi MeeSpeopheR@ ol kifethathbRAHADS sgsce@@ﬁlaﬁ be oPhny&hithbegoRbry Bgercel | stack
may be desited. For exanple, three or nore corriers or vertices may be

desi r ed that themgmbrariee andsyekérs maydie seourehavithousealpstadkn Igeetann enbodi nent s,
the geonetry.of any of the hqusing, cell stack, nes, apd spacers nay
o et e h Bt e B Syl i bn P FRL AR PE o

puri fi caldsRey. apiakainpR; i@ oradaeRbierd diSeHRRS Ha§ beRKsiRA 3 sydtethel cal to

accommpdat e differences in flow rates between the dilute and concentrate
st r edns . ceflgtack to the housing, In certain embodiments, the geometry of any of the housing,

cell stack, membranes, and spacers may selected to accommodate operational
parameters of the electrical purification apparatus. For example, the spacers may be
asymmetrical to accommodate differences in flow rates between the dilute and
concentrate streams.
20
DETAILED DESCRIPTION

Devices for purifying fluids using electrical fields are commonly used to treat
water and other liquids containing dissolved ionic species. Two types of devices that
25  treat water in this way are electrodeionization and electrodialysis devices.
Electrodeionization (EDI) is a process that removes, or at least reduces, one or
more ionized or ionizable species from water using electrically active media and an
electric potential to influence ion transport. The electrically active media typically
serves to alternately collect and discharge ionic and/or ionizable species and, in some
30 cases, to facilitate the transport of ions, which may be continuously, by ionic or

electronic substitution mechanisms. EDI devices can comprise electrochemically
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t ypi Bal | §ande caatinusgply purified sethowlaeqiviag ﬁgﬁmﬁalﬂé@hﬂé@ﬁg phionpxabatignes. Because
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TES1. S ! !
20f eed viaters of |low salinity because of elevated el ectrical resistance.
Al so, becauseEkekteodialysis (ED) devices operate on a similar principle as CEDI, except

that ED devices typically do not contain electroactive media between the membranes.
Because of the lack of electroactive media, the operation of ED may be hindered on

20 feed waters of low salinity because of elevated electrical resistance. Also, because the
operation of ED on high salinity feed waters can result in elevated electrical current
consumption, ED apparatus have heretofore been most effectively used on source
waters of intermediate salinity. In ED based systems, because there is no electroactive
media, splitting water is inefficient and operating in such a regime is generally

25  avoided.

In CEDI and ED devices, a plurality of adjacent cells or compartments are
typically separated by selectively permeable membranes that allow the passage of
either positively or negatively charged species, but typically not both. Dilution or
depletion compartments are typically interspaced with concentrating or concentration

30  compartments in such devices. As water flows through the depletion compartments,

ionic and other charged species are typically drawn into concentrating compartments
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a feed
20  initiate and/or facilitate the transfer of ions through the membranes and

compartments. The specific electrochemical reactions that occur at the
electrode/interfaces can be controlled to some extent by the concentration of salts in
the specialized compartments that house the electrode assemblies. For example, a feed
to the anode electrolyte compartments that is high in sodium chloride will tend to

25  generate chlorine gas and hydrogen ion, while such a feed to the cathode electrolyte
compartment will tend to generate hydrogen gas and hydroxide ion. Generally, the
hydrogen ion generated at the anode compartment will associate with a free anion,
such as chloride ion, to preserve charge neutrality and create hydrochloric acid
solution, and analogously, the hydroxide ion generated at the cathode compartment

30  will associate with a free cation, such as sodium, to preserve charge neutrality and

create sodium hydroxide solution. The reaction products of the electrode
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cat hode el ectrolyte conmpartnent will tend to generate hydrogen gas and
hydroxi de ion. Cenerally, the hydroggn ion generated at the anode
compartment will associate with a free anion, such as chloride ion, to
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nethodseﬁ%ﬁ%%ﬁﬁ §%¥ﬁ%e aﬁ%ﬁﬂgg thereof. Liquids or other fluids to be
purified ent eThetItresepUmvt-mtamtmkmtesdedewaeesdhata;maplatfusﬂuaiscblecum;hﬁy thdte
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| quita: Epees EBenShe At olinaerarestBrmEntas 306 U oduce an

i on- Con%afeaﬁtﬁquﬂdb gHbfer R8s GPPRARATH SR tﬁé]ﬁlrfﬂcﬁt%rf d&ade guri fication
apparatus, which 15may al so be referred to as an el ectrochem cal separation
syst em cappartusiasds undehthwiiafitense pharneledric field et treateyt th pradysenbioad usi ng

e e e R P i e

sec gr I NGeoPEerdRRd mgud OTheEodifngRts E tHcddiScad Pakifi@ibh @pgdrhiyis, vaiaicer s to
roduce a
P 15  may also be referred to as an electrochemical separation system or an electrochemical

separation device, may be assembled using various techniques to achieve optimal
operation of the apparatus.
In some embodiments of the present disclosure, a method is provided for
securing or bonding ion exchange membranes and, optionally, spacers to produce a
20 membrane cell stack for an electrical purification apparatus. The method may provide
for securing of multiple anion exchange membranes and cation exchange membranes
for use in electrical purification apparatus such as a cross-flow electrodialysis (ED)
device.
In certain embodiments of the disclosure, a method of preparing a first cell
25 stack for an electrical purification apparatus is provided. The method may comprise
securing a first ion exchange membrane o a second ion exchange membrane. A
spacer may be positioned between the first ion exchange membrane and the second
ion exchange membrane to form a spacer assembly. When used in an electrical
purification apparatus, this spacer assembly defines a first compartment that may
30 allow fluid flow. A plurality of ion exchange membranes may be secured to one

another to provide a series of compartments. In certain embodiments, a plurality of



20 nmenbrane cell stack for an electrical purification apparatus. The nethod
may provide for securing of multiple ani on exchange nmenbranes and cation
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di scl osure, a nmethod of preparing a first cell 25 stack for an el ectrical
purification apparatus is provided The nethod nay conprise securing a first
i on exchange nmenbrane to a second ion exchange nenbrane. A spacer nay be
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exchange nenbrane, to form el.ectrical

acer enbl n used in
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conpar t nghtsird @ranaraeﬁh@ﬂltercbﬁ@bnﬁuﬁﬂsfah@ah k:@mar@@zaﬁ bysnaySasg@mt ructed to
allow fluid flowin one or nore directions in each of the conpartments.
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t he desithededifedifhhid flowthrongiuthe colmpacmepar t ment . I n accordance with

one or nore odi nts the efficiency of electrachem cal separation
systens may blgb P& A thQNe B AROTF 6 @eBWethﬁc?&éﬂ?‘?chOflSsour ce of

inefficig Chél‘HlC§ ar@ﬂmp IsTRfay Sdinipraved MOg Rt Tb‘é@isvdn@gxofénﬁﬁpss flow
design, the potential for current Ieakage may be addresse Current

ef fisi erwyrqewf inpdficleddyndul scame BM@O@HW@%S@Q@S@HOS@W@@HM #heoss+Hlovef f ective in
reamrntothe e stream. Various

gnc))\rjlr (r:r gs ! %1 é’ﬂ{enf ﬂgf”f ?‘Heé‘ ??ﬁjnae&]i’es?ddir?fs%r ceg@ Fﬁi: ‘e &Y Separati on
system Q{eﬁ%le& G4 thie pRiceRidbd bf ERtehOMabRRAeikSin ntdeng ions out of the dilute

stream into the concentrate stream. Various sources of current inefficiency may exist
in an electrochemical separation system or electrical purification apparatus. One

20  potential source of inefficiency may involve current that bypasses the cell pairs (pairs
of adjacent concentration and difuting compartments) by flowing through the dilute
and concentrate inlet and outlet manifolds. Open inlet and outlet manifolds may be in
direct fluid communication with flow compartments and may reduce pressure drop in
each flow path. Part of the electrical current from one electrode to the other may

25  bypass the stack of cell pairs by flowing through the open areas. The bypass current
reduces current efficiency and increases energy consumption. Another potential
source of inefficiency may involve ions that enter the dilute stream from the
concentrate due to imperfect permselectivity of ion exchange membranes. In some
embodiments, techniques associated with the sealing and potting of membranes and

30  screens within a device may facilitate reduction of current leakage.
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Create |"ul ow st in an e purification apparatus.
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25 The spacer may be constructed and arranged to redirect at least one of fluid
flow and electrical current to improve current efficiency. The spacer may also be
constructed and arranged to create multiple fluid flow stages in an electrical
purification apparatus. The spacer may comprise a solid portion to redirect fiuid flow
in a particular direction. The solid portion may also redirect electrical current flow in
30  aparticular direction, and prevent a direct path between an anode and a cathode in an

electrical purification apparatus. A spacer comprising a solid portion may be referred



30 a particular direction, and prevent a direct path between an anode and a
cathode in an electrical purification apparatus. A spacer conprising a
solid portion nay be referred - 14 - to as a bl ocking spacer. The bl ocki ng
spacer may be positioned within a cefl stack, or may be positioned between
a first cell stack, or first nnduldf‘hhit, and a second cell stack, or
second nodul ar unit. In sone enbodi nents, the plurality of ion exchange
menbranes secured to 5 one another nay alternate between cation exchange
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portion s%itamgg,ﬁgﬁéy hremfegr1>étraggiagﬂﬁ§a@ shft afl céﬁmgggagggnﬁéﬁ% p@g@gﬁg& spacer ,

or spacer as e a boundary or to d luid flow in
a pr edetmembrases may bate dfferehngemardtraisrithandtbeli membspesinni ¢edicstadk. preparing a
cell stagk may conpri.se 25 securing a.first anian exchange.nmembrane to a
st o al Aol Era TG e nBPane e He Forid BaPtrgh bk SPEF BRI of 1 he
first anhemetriRe 4SonPAHEIRE 0 38Grd §Rickhs iithit Bleicel) sR¥E taR& rdTeNbdr ane to
forma first conpartnent having a first fluid fl ow path. The nethod nmay

f urt Wer wempransewihinarmodplar uélc tragcrmingmbaedsanitn aswppoagndrucire. e fir st
SR CH TN e M O U
second ambéilaexthiatgehousing.
The membranes, spacers, and spacer assemblies may be secured at a portion of
a periphery or edge of the membranes, spacers, or spacer assemblies. A portion of a
20  periphery may be a continuous or non-continuous length of the membrane, spacer, or
spacer assembly. The portion of the periphery that is selected to secure the
membrane, spacer, or spacer assembly may provide a boundary or border to direct
fluid flow in a predetermined direction.
In certain embodiments, a2 method of preparing a cell stack may comprise
25  securing a first anion exchange membrane to a first cation exchange membrane at a
first portion of a periphery of the first anion exchange membrane and the first cation
exchange membrane to form a first compartment having a first fluid flow path. The
method may further comprise securing a second anion exchange membrane to the first
cation exchange membrane at a second portion of the periphery of the first cation

30  exchange membrane and a first portion of a periphery of the second anion exchange



- 15 - menbrane to forma second conpartnment having a second fluid flow
path in a direction different fromthe first fluid fl ow path. The
first fluid flow path and the second fluid flow path may be sel ected and
provi ded by way of the portions of t peri pheries of the ion exchange
menbranes 5 that are secured to one another. Using the first fluid flow
path as a direction running along a 0 axis, the second fluid flow path may
run in a direction of any angle greater than zero degrees and | ess than
360. | n membmne tefooodi seremtcbcouipaﬁhmﬁl]m@gnmend fllvd fhecpattl it hui d fl ow path

may run at a 9 n cular to the first fluid flow path. In
ot%er e ’E?&P%ﬁ‘t@e%ﬁﬁ@ giﬁg%upcﬂflawfga Bw path may run at a 180 alr[:gl e to the
10first flui drid @ Rk Mov ShR B e seQMB IR patthBay bé fediddiind f 1 ow path

may be running in a direction of 0. The second f|UI fl ow path nmay be
runni ng rrevided bamdy af th¢|pomdnsmfdlememnhmﬁswfmlwm@mhmm mgmitant20. A fourth

fl ui ti ] h mb

[1urd Ty pela M, be. Lynaln sfie s oot REENSH BB a5 el fL AR e o che
fluid flammgadhsis,thd fKesel aediflovopah n&?ﬁ‘ﬁﬂ[ﬂﬂ&%&mff@lfaﬁeaﬁg?[@ ofRaidE Of
different fromthe first fluid flow path and _the second fluid flow path. In

certai n tBpbaup degrees anddessithay 3p0F] dnegsteimemnbodisents of therdisclestsathenent s
o oSt Tl bl W tere A e g b Po

runni ng pajth alndithe ehibodingdnts) thereeoﬂDﬂtS&(ﬂ@ncbafﬂh thiagl riid S mﬂangla té e second
corrpart rrﬁy be running .in a direction_of 9 and the third fluid flow
W

pat h% n ‘Erﬁ’eﬂ ifhogy %Tp@r%‘?g?ﬁ emigdigent thinfirbiln ﬂé’VﬁP"}ﬂéEFWé’ﬁ RIS | ]
certain dﬁﬁ it @To@oo 'Trh%tseédn’d'fﬂucfh ;faamaw@glln@& taﬁ'69° ahfl Skhifd r €ction, an

a secon ow path running In second Ion may be referred to
as crosdhfid diwataﬂcmrayd)alrurpmg dtileat.i arfour@bflniddidve patb meydieremtisg at he fl ui d
flow path in each of the conpartnents alternates sequentially between a
first flturd flow path, a second fluid flow path, and a third fluid flow
path. For ex aﬁrﬁéicﬁtloﬁeﬂ?orf é%cﬁﬁnée'rh@rﬂb&h&%@@échrédﬂo ttljﬁ'lfz‘f‘ceil' ik 16 pRRAl ment nmay
be running in a direction of 0. The second fluid flow path 1n the second
conpiér t rmldttlomycm@armnmn@leaﬂ:uldsﬂowalat:hsmhélesmadcmtlﬁnahc@nparbwmmhy| n the

e fourheriBEBAE Mt R e 0% e B Ao Biyn BRR leRaEGY fuitifon well P Do "

first fldicertdih@Wbeaintents, theSluid flow path in each of the compartments alternates

between a first fluid flow path and a second fluid flow path. For example, the first
fluid flow path in the first compartment may be running in a direction of 0°, The

20  second fluid flow path in the second compartment may be running in a direction of
90°, and the third fluid flow path in the third compartment may be running in a
direction of 0°. In certain examples, a first fluid flow path running in a first direction,
and a second fluid flow path running in a second direction may be referred to as cross-
flow electrical purification.

25 In other embodiments, the fluid flow path in each of the compartments
alternates sequentially between a first fluid flow path, a second fluid flow path, and a
third fluid flow path. For example, the first fluid flow path in the first compartment
may be running in a direction of 0°. The second fluid flow path in the second
compartment may be running at 30°, and the third fluid flow path in the third

30  compartment may be running at 90°. The fourth fluid flow path in the fourth

compartment may be running at 0°. In another embodiment, the first fluid flow path



in the first conpartnment may be running in a direction of 0. The second
fluid flow path in the second conpartnent may be running at 60, and the
third fluid flow path in the third conpartnment nmay be running at 120. The
fourth fluid flow path in the fourt_h]6c_orrpartrrent may be running at 0 . 5In
certain enbodi nents of the disclosure, the floww thin a conpartnment may be
adj usted, redistributed, or redirected to provide greater contact of the
fluid with the nenbrane surfaces within the conpartnent. The conpart nent
may be cdorl fixst c@upaimend maybgadnting meddis¢ctiohof €°.f The steéndotbmidiftom n t he
conpartnent. The conppartnent nmay .have .obs ctions,,. .- ion

b ot r s ML P S5A0B8 ComPRTRPHRY Fenitagt o opEee tRb QA floCRah o
redi st rijBuhehitiofmpaMnbit RAghe HARINgAIPR0Y MBRtfourdIGH W bathen fescussed
further below. In certain enbodi nents, the obstructions, projections,

pr ot r usifonsh romprrescntgrayefnes 66y - be referred to as a flow redistributor.
Each .of the rtnents. in.t cell, sta ran.electrical purjfication
5 Cl%%@f’%am en}%oam%een(t]s %ﬁt < Slsclosure,gh% hgw wﬂnga comB?@gg]%t mzri,x ned

apparatus may b€ construc arranged to provi dé a er

per cent ageadafstelid fadisttinted o fedivects®t pranRle @hdatdrzahtaoroffthy flhiduwrich hent act . |t
has been found that greater menbrane utilization provides greater
ef fi ci erfafmbrapg syrfaceyWishisy the porgpartipent o [[Be eompartment may; kepopdficiishar at us.

Advant ages oS U ASpBEIREE o RRARIADR dihidalifRb, O BhdaRflifle | over

ener gy consunp oot pri nt appar atus, I'‘ess passes through
t he appanay hsve absiiudtiogheurojgetadnis profrosickss flanges cor. bafftesdlent madyprevidodi nent s,

the 20 nmenbrane utilijzatjon that be achi eved i reater than 65% In
ot hel? emﬁua%mrgﬁl_smeteﬁbﬁ@m © ”ﬁi’hefampaﬁnxeﬁwhaévg@?eﬁfﬁué d is greater
than 75%rthd Kefhv.aidcepthiedmigRinasi SRt §bstﬁ1@1@or{§?ﬁ%j’e%ﬂ§nélﬂbfdtfu§f?:hk on that may

it
be achi eved may be greater than 85% The menbrane utilization may be at
| east i rflgnges, odbpiflasianay bomefetred toetstzoliyw msledribwiosecur e each of the nmenbranes

to one anoth and the desi .0f, the 25spacer.. |In order to obtain a
or edet er ni ned-RBABARFSTRRTREDRIR B c20isFRB o h deceteed PRRfca et ques ane
conponendppardBi nkfy sedonsiaded a{hd%%%ed @ REVIUEN Prediefcthindbbercendgsecur e seal
that allows optinmal operation of the electrical purification apparatus,
wi t Hdut sepleesaeept eak atjizaiontpnilvid sonfpplarlbhasdheemfitund thatigratani ng a
|arge syl ace.al 6 0h BRAMANEA0abn R RS, Yredhd ok NP uRl desssy S0Seal i ng
may be acconpli1she yrany s abl’e means Tor nsuring nmati ng pbetween t he
menbr angsuri$eaién dppahay i AdbrahfageddSichRdink | gdéaterfrhavbrand trilidation gtay

include lower energy consumption, smaller footprint of the apparatus, less passes

through the apparatus, and higher quality product water. In certain embodiments, the

20 membrane utilization that may be achieved is greater than 65%. In other

embodiments, the membrane utilization that may be achieved is greater than 75%. In

certain other embodiments, the membrane utilization that may be achieved may be

greater than 85%. The membrane utilization may be at least in part dependent on the

methods used to secure each of the membranes to one another, and the design of the

25  spacer. In order to obtain a predetermined membrane utilization, appropriate securing

techniques and components may be selected in order to achieve a reliable and secure

seal that allows optimal operation of the electrical purification apparatus, without

encountering leakage within the apparatus, while maintaining a large surface area of

membrane that may be used in the process.

30 Sealing may be accomplished by any suitable means for ensuring mating

between the membranes so as to provide the desired fluid flow path through



- 17 - conmpartnents defined by the nenbranes. For exanple, sealing nmay be
acconpl i shed by adhesives, thermal bonding by |aser or ultrasonic wel ding,
for exanple, or by mating or interlocking, for exanple, using nmale and
femal e features on adjacent nenbranes, and/ or spacers. In certain exanples,
to construct a nenbrane cell stack, 5 nultiple spacer assenblies are
constructed and are bonded or secured together w th adhesives applied at
portions of the periphery of the spacer assenblies. Spacers are positioned
bet ween amglarinientshi=fimpdbe theasgebahése o5 egampld, scalyeg ey be hevoomlishddn

exanpl es, the spacer senbli.es nay be secured.to.one anpther at a portion
o T iy 440 B TR ey ety B Do G e RE RS A aPB Bt b1 or oty ot
conpart %Qﬁl%oéi(lnféﬁ%lﬂﬁ%%r beafle, dRioinhald ond feaPREMSes TQldjR¥AMP! e, the

spacer assenblies may be secured to one another to provide a first
conpar t neembiaaes anyl/er sbhesrsl Il cgvigipaxhmples.dofcpasitucts megbrans cghdtagk.second

conpartnent. having a fl.uid flow pa in.a second direction. |n.place of
adnea voguipiERaEt seemiticots SRRl dod oy REERH St Riek ity ety be "used
to provigeiifes HPIvRat pieids.of U r‘sfme@ EMROgHat@EHsSentHliek hSpdaesarosur e a

met hod for preparing a cell stac or an electrical purification apparatus
conpr i seRosftiomad hetwesrrpenhtafdhe spacer assanyilics sepyead: tasstherndy ceréai or med by
securing,J X i i st spacer
ssenbl s ih G Ha3pRe: FRERE AR s} B e b R e anes.
For exanmiriphed dfieadt oftthé kptecasedmbifss topravideneploeyitbef cihmereienesd to a first
ani on exchange nenbrape at a fir portion_ of a periphery of the first
catibh Mﬁ&ﬁé@%%@lﬁé%w%%%w&m@m 1B seaeehangaPkrs At to provide a
first s ing: a fd AGRht fi . the first
cation gggﬁ%%giéﬁgﬁtpg%gy %%K?ﬁgﬁﬁféggﬂﬁnloﬁgéﬁc iﬁgghﬁéﬁgggﬁég A second
conpar t nfirst dinayiohend aseredd bympatentigvingra foxd Hangethmardscaoes 25 to one

anot her t.o provide a s nd spacer .assenbly having,a second acer di sposed
et vieen 4iFS P o EdtAlganTeIBy Lretal DAt e Rk mEr LG QUGN BN caxchange
nmenbr anemiRye A6 prIvEdk the cémpa&AAHs.cati on exchange menbrane at a first
portion of” a periphery of the second cation exchange nenbrane and the

secoffd ani on wsomsregbodiondninnkthe disploswie danethed by peepspng ecellistednfiiry having a
second spacer. .di,sposed. 30 bet ween_ t he cond ani on ch nmenbr ane and
P he pec R HRRREHicR 2oBRLNS SambliSe 3 GRE SRpRmENS "R

compartment may be formed by securing ion exchange membranes to one another to

provide a first spacer assembly having a first spacer disposed between the ion
exchange membranes. For example, a first cation exchange membrane may be

20  secured to a first anion exchange membrane at a first portion of a periphery of the first
cation exchange membrane and the first anion exchange membrane to provide a first
spacer assembly having a first spacer disposed between the first cation exchange
membrane and the first anion exchange membrane.

A second compartment may be formed by securing ion exchange membranes

25  to one another to provide a second spacer assembly having a second spacer disposed
between the ion exchange membranes. For example, a second anion exchange
membrane may be secured to a second cation exchange membrane at a first portion of
a periphery of the second cation exchange membrane and the second anion exchange
membrane to provide a second spacer assembly having a second spacer disposed

30  between the second anion exchange membrane and the second cation exchange

membrane.



A third conpartnent may be forned between the first conpartnent and the
second conpartnent by securing the first spacer assenbly to the second
spacer assenbly, and by positioning a spacer therebetween. For exanple, the
first spacer assenbly may be securedl fo the second spacer assenbly at a
second portion of the 5 periphery of %he first cation exchange nenbrane and
at a portion of the periphery of the second ani on exchange nenbrane to
provi de a stack assenbly having a spacer disposed between the first spacer
assenbl y and Allerdeanputnsmanay bagsmendl between the filshchmpdrtrhidre ahd thst

conpartment and the second conpari nent mag/ b%ﬂcon'ﬁtruct d and arranged to
provi de KCRfd coRrnagiegt by pesreng TPUSRACHT SSGMORI0dAE SPBHFRATET 10 directi on

of f1ui dystd My dhdttepdsiliohfheCuPRa iR etwED., 1 3RhSlc, thB Girdtspdcdy f1 OW in the
third c%r?%%rtrr’ent % bg runni ngri n a d‘ivrection ofﬁg’ 0 a;i S&Trhe fluid flow
in the fassanblyomydretsrantd trethe second spioayassemBIy, at asecond oftiomiof the ow i n t he

compar t rBBRTAOY L BB ERPER o AR AL BOGonoh BT RAFY Blampl e, t he

fluid flgwsRahl aiﬁanteka@aah'%é flembPane A9 PAMVIdERNtadkBiksdiBbH WAVingd spited di rection
of 0. The fluid flow path in the third conpartnent nmay be running at 60,

and t he dispoisedl betoeptie Hirstispades assembhoanddhp sgconed ppacpdsseieblyunni ng at 120. A
fluid flow p i i 0. The
met hod may fﬂé e()? ﬂ%o%%ﬁ@%@%?%@? %%Jsgéggﬁg%%tgﬁ ?féset ack within a 20

housi ng. constructed dmdageapetbrgrovitit b doegicaroffiuieflewhiatiis@itfetent &0m the
el ectrochem cal separatjon systemor electrical IlL‘)e_utrla_liﬁf' o éi on tppar at us may
b ﬂlé@i

be n¥dul drectimehilygdlomain the third seynngement) 'y exame O¥EBLS| ock of an
overal | ] SERARAL; ormdul ar j.ncl ude any
desired tﬁtﬁ%@?ﬁ%&ﬁg}gﬁ@ypal rs. ﬁl?ggﬁéa{eﬂﬂggﬁmrﬁgg's ﬁ%Sﬂﬁ t goﬁgyn%)ﬂeer of cell
pai rs péefirsnehpaatmennivay ba yurdepeaid 08 ankdhbe floiddlowmimtbesecohidcel | pairs and

passes in the separation device. It may al so.depend on the nunber of cell
BTt AR B EREF AR 4 oAl ot PO EORDAs (0T A B accept abl o

failure fdfier M%@, shBPLEthPOln SRS -kERAKR, #RA1GA NEY (RBT hardBREE criteria.
The nunber can be based on statistical analysis of "the manufacturing
prockss @mpactarenbmay be remsegiinasdipcetiors§0%3 (Thedhtid Sow pattpmdbe thitdh sone
non-limting enbodi nents, .a yl ar. unjt. include aboyt 50 cell pairs.
Nodul ar SRPRETIHTEE S R 20 y gt S s onc ol - 1o -
tested, uglardfent Ahy be AN atI2DAr Atflad fIBG Jal B fofrtR 06mPAraHient meaydr op pri or
to being incorporated into a |larger system In sone enbodi nents, a cell
stack mdle iyening@h®ed in a frame as a nodular unit that can be tested

i ndependent | y—, A ral it f I ' e d toget her
to provide anT%evnélgtgﬁﬁl %}axtféérﬁlgeé(s Hﬁ%ﬁ%ﬁec@hégﬁe?ﬁ%@;lc&& Sﬁﬂgﬁﬁgﬁ %%t r ochem cal
sepagoat i iyusigvi ce. I n some enbodi ments, an assenbly nmethod nmay generally

i nvol ve placing a first nodular unit on a second nodul ar unit, placing a

t hi rd nmodul arlngseqrdgneerwith onerarimers gmbedintsar glearodismic! sepditic8peat i ng t o
obtain h i Y ; | i.4.ed :

enbodi rrgsﬁ? égﬂ{ hééécgré%féwg?gé%?ﬁiaﬁ;?ﬁ:%tﬁag{ﬁ %ﬁoqﬁﬁl%ﬁ' l};r%%%ﬁ%lé Erél§| nsSerted into
a pressufenetatis S@ictibans 2 Quinprick bl amovdvhll tleepadenifidabsepacationgystami das may be

possible with the pl acenent qf bl ockin ranes and/ or. spacers between
nodul ar Iﬂﬂ‘ihtlér YHLRRY HC degay %?r‘r_edl’l’i“f’%b@gﬁ%ﬁg{ﬂr&r f‘hﬁ’ﬁ?‘b%fﬁ]ﬁ’q%ﬁﬁmﬁmr ove
manufactyL dhinbbd & dell phité P& REduldrTRiERsY QRhd on the total number of cell pairs

and passes in the separation device. It may also depend on the number of cell pairs

that can be thermally bonded and potted in a frame with an acceptable failure rate

when tested for cross-leaks and other performance criteria. The number can be based

on statistical analysis of the manufacturing process and can be increased as process
30  controls improve. In some non-limiting embodiments, a modular unit may include

about 50 cell pairs. Modular units may be individually assembled and quality control



savings. Modularity may also facilitate system nmai ntenance by allow ng for
t he di agnosis, isolation, renoval and repl acenent of individual nodul ar
units. Individual 15 nodular units may include manifolding and fl ow
distribution systens to facilitate afy el ectrochem cal separation process.

| ndi vi dual nodul ar units may be in f1uid communi cati on with one another, as
well as with central manifolding and other systens associated with an
overall el ectrochem cal separation process. The cell stack may be secured
Wi thin aediédsichoas fotirploige, shataddn pafeanped sidyge@reairop ptiet torkemigf ol d and an
outlet manifold to provide a nodular unit. This ”ﬁdmf uni t may t hen be

secur ed HfarRpAted 1‘[48@31?%@ SYBifal- nB QIS e fMGRLS, 21K may g m eél br acket

assenbl Mo Q0! A mBMARA tmaéanrﬁexes%qﬁa@em&ﬂgoqbubmfawamz)@umlhe housi ng.
A second unit may be secured withi'n the housing.” One or nore

additio naahts nmdﬂiealbe assetblavetygethe do peovideoar agrall intvinded umbrswicely. 1 n certain

enbodi nents.of the 25 dis¢l osur.e n |t|oned

bet ween RAHE i 7 €lectas, Wé?raff?ﬁ?ﬁau%ge‘flﬁeeo@ 8’%&”@{5’% %{EH%H e %Bfl ow

redi strijhed nﬁgxgeﬁﬁalw RYERL plddifdNERRE moRklar @lit sie s&oP aldduRALSILOf the cel |
stack. In assenbling the cell stack, a first portion of the perlphery of an

i on excmim@ aréhiskmedul arpnd T(béﬁrstgp@@q@o%ymgglaé Sy, PR 1epEAERdOar 1 anged t o
e mno oA i of HeRbieR Bt &% &isu RERHANTE Yorhll ABAHARCH | OF
ge |

n-certain exa a’ periphery of a

first SFh%ﬁéi’ﬁbl?; Br iddevié@d] moduke kmiﬁﬁ}ﬁajﬁbe inse2&d mtcﬁ@p&tssﬁl@t@eléﬂd arranged to
interlock with a first fEortlon of . a peri phery, of gg iﬂ%cent spacer.
I n s¥me ansrsienmdlE-pess flow conlsgraions aayfk nosgble vl PRFREE on appar at us

compr i S'm&ﬁgﬁ' @%@{&d& LOY B84 e BEARLEGLT cﬁ%!/lt}ﬁ’lﬁ Hoilakhigd appar at us

my 5 co rtrrent conprising 1on exchange nenbranes and
may be Q@maidluu@hppkomiﬁnay rm;mgedmanuﬂacmbdﬁym thmeof tifleandicédtow in a first

di rection between the ion exg@ ge menbr anes. % %ctritﬁa purification
appar at L?@‘”r‘?&"y Modylapbigpy also facly @ﬁHStE%‘rP&%{P‘FH%‘WF ¥ GHBYing 195 heon exchange
menbr aneg, ngﬁﬂ 260, $ANSYd1 YAd ?e%lo@@ﬁilefi‘tr SFaRAeRuh OB N Hitsa Iidiivigeds fluid
flowin a Secon | rection. Eac the first 10 conpartnent and the second
conpar t neodularaynits megfonsiudmmaedolémg aad famodistributipn systeties ta fwletd@ta@r m ned

percent age of surface area or g:lo ne 1ut| hzation f dd contact. In
cert ai n SRR SCPHREOTHRIREE SN ‘{'JYII PR u"ﬁutnﬁafna*glﬁ "BeYichi eved is
great er dAaRufieon WAttPéREMoBRD A WBBNsSvitt deatraEmihifd@ingdlahd bRt | on that may

be achieved is greater than 75% In certain other enbodinents, the nenbrane
utili zatdystems associated with an overall electrochemical separation process.

The cell stack may be secured within a frame or support structure comprising

20 an inlet manifold and an outlet manifold to provide a modular unit. This modular unit

may then be secured within a housing. The modular unit may further comprise a

bracket assembly or corner support that may secure the modular unit to the housing.

A second modular unit may be secured within the housing. One or more additional

modular units may also be secured within the housing. In certain embodiments of the
25  disclosure, a blocking spacer may be positioned between the first modular unit and the

second modular unit.

A flow redistributor may be present in one or more of the compartments of the
cell stack. In assembling the cell stack, a first portion of the periphery of an ion
exchange membrane in the cell stack may be constructed and arranged to interlock

30  with a first portion of a periphery of an adjacent ion exchange membrane. In certain

examples, a first portion of a periphery of a first spacer in the cell stack may be



15 that may be achi eved may be greater than 85% The nenbrane utilization
may be at least in part dependent on the nethods used to secure each of the
menbranes to one another, and the design of the spacer. In order to obtain
a predeterm ned nmenbrane utilizatio o 2PPr opriate securing techni ques and
conponents nay be selected in order T0 achieve a reliable and secure seal
that allows optimal operation of the electrical 20 purification apparatus,
wi t hout encountering | eakage within the apparatus, while maintaining a

| ar ge sumhsioetat @ apfanpahioriated o¢lhwith adirsthyeriised 4 peripherymf eo edmeent For
exanple an electrical purification apparatus conprising a cell stack may be
provi dedfP?e el ectrical purification apparatus may conprise a first

conpart ment  GanBiehibddandotd Sftth€ afstiobure XmAagecpibfi@RRnapparaubi r st ani on
exchange nmenbrane, 25 the first conpartnment constructed and arranged to
provi de cemirisingta dollistagkfis pravided a The eloetrighlrmeiicattorpanparséys mige first cation
exch%ngeco%errtgé%r%ﬁst%ngl %Rl% Iflticrost far}li an e%(c%hanqul rrglnbganed Thg appar at us may
al so corrprlpse g "S8BCONE coﬁ‘par%ﬁl gé%%rl 3{1%9 PRe T €1 i 8 exchange

menbr anecafttucted@danfngat fopiodde haiea MedhHowne atfiest Rlievticicbedwed et fluid
flowin a second direction between the first ani on exchange nenbrane 30 and

t he secdfdexdrnghmenbrmeselbeslpriren PuEHeHionfappaatusmaytalasasiseent and t he

second ek %ﬁg;lf{gﬁy ] r.QVd

pr edet e:s% nedSO - - ?r&rgﬁ%‘r a%él%{t};é?{:}%gg?p%gﬁﬁ O?ngc)f('gﬁl lbgc&‘éé %tﬁlad cont act of
gr eat er dndamrafgdbtofprétide s diréadmidiiew imh s¢doad direaionc Hachof thedlistnge nenbr ane,
the first anion exchange nbrane and the second cat.ion e%f{(l)ange menbr ane.

At | 'Sasteoppargrnt #d ?g%cpn EHPBITREN MARE ORI EEREHt Crent  may
conpri S&&vidP f)ﬁ{detemirﬁg ggﬁ%érﬁlgges gfc %ﬁg&il@g oisHl%ﬁﬁ)'faneﬁl}_i’fﬁatﬂilnrf%?ﬂgifd;u' d flow

in the first direction direction may be selecte nd
pr ovi dedobtact. Ha cevastembotlingents the membrage nehtatioh thdtemaydepehierahiss. Usi ng t he

first direction of fluid flow as a direction running alon 0 axis, the
second drratafgue i b et Redisr n Sy iRBHES PaCREY Bs han ser o
degr ees RARvERELrédt@haA05%.] h EQfalPbiheHIUHiABRS ShO@mehibeardiRGiAfdN €, the
second direction of fluid 10fl ow may be at an angle of 90 angle, or

per péndithatinagy, ba ashiaved friay be geitater dhanodd%ef The mehbrangwitilizafian ey beatbodi nent s,

h d, di ' fluid fl b I he fi
i ot 1 aebt AR ot P bt o REn sl MREPIR AR5 ¢ Cocurea
to the cRblhestang ke desiph@fiiitespackdi Th orial (oCsbiEia htpi@RIGmitddenéhbaaé i on of

fluid flow in these additional conpartnments may be the sane or different
f r om t heltilizatign, gprrepiiate fecyring Fichpiddes anshgoamenente may b raleeted stoideh of f1 ui d

flow | -1.al ' ' t] | L. .each of the
(o o Sehal f MRRLTSOLS: M6 Rl hoviipyaech of
secand durifichti@napphrabisyivithdlt@ncotnerinpaiiabe withivethe iappdratdi,rveltitd on of fluid
flow may run_in a di recgi on of 0. The second di regti n of fluid fl ow may
run at Andplaiiieg dlargmurice fice Af gicpwEancdhatgnay baysed i1 B repess-t hi r d
conmpart ment IRy okdfipllan lectrical purification apparatus comprising a cell stack may

be provided. The electrical purification apparatus may comprise a first compartment

comprising a first cation exchange membrane and a first anion exchange membrane,

25  the first compartment constructed and arranged to provide a direct fluid flow in a first

direction between the first cation exchange membrane and the first anion exchange

membrane. The apparatus may also comprise a second compartment comprising the

first anion exchange membrane and a second cation exchange membrane to provide a

direct fluid flow in a second direction between the first anion exchange membrane

30  and the second cation exchange membrane. Each of the first compartment and the

second compartment may be constructed and arranged to provide a predetermined



20di rection of O. The el ectrical purification apparatus conprising a
cell stack may further conprise a housing enclosing the cell stack, with at
| east a portion of a periphery of the cell stack secured to the housing. A
frame may be positioned between the housing and the cell stack to provide
first nodular unit in the housing. Aflow redistributor 25 may be present
in one or nore of the conpartnents of the cell stack. At |east one of the
conpartnments may be constructed and arranged to provide fl ow reversal
within tmanbmnpaﬁlizmilon for example,m Sdideonntiodignerdrshaf 8 0hef diesatfazure, a cel |

stack for a ctrical rificatjon rat us |s ovi de The, cel | stack
ay pr ORGPy G T (oG SHORBBS At B

concent r@gt kQien AR dxeRiMeS mé%aﬁan@fAi1@%tbﬁ@oﬂﬁelf§§tlceﬂ1p%%ﬁ\%aeﬁeS may have
an inlet and an outlet that provides a dilute fluid - - flowin a first
directi cﬂ@corEbQﬁmmrtmmémamompnmﬁpaam wglcdaomaabet mblnclgngagachlave an inlet and
an ouytlet th rated. flui.d flow .second direction

t hat %I s di ffghéeotilretc ﬂW]t é’v E‘g?l &%FS lon d%f %eﬁ%(ie?lrmnﬁba Yd5si tioned in
the cel | sefdcdiand Pisiddoiasthe BBHSHREOM SR Htahdehedi@f iR @nthadalchie the

conpartnments and, in certain 5 exanples, may assist in directing fluid fl ow
t hr ough YHBE ritsshdireetien offfiwd dloscasra dirsplipe rinninepdragy0%pasdhe whi ch my be

croct 11 capsheftcBb BRAGAURE Bl bFE o ahFOYrablituizcld eI,
spacer nhyn Bedfude cetaip emboditneatsadithid disdlosine, tendecombditdctibaoEflakl i n t he

el ectrical purlflcatlo ﬁ aratﬁea. 10l n sone enbogl ment s, of the disclosure,
?8 P

an el%ctiermaybs Qrpa vRerpendiudar; e finsh dirggtionofflwd ray

conpr i Sefl&vcﬁl&hé}éx%dﬁ%% 1 Qo HFEBh o finidbaf iyt AP BFPRAdTEN! S _and
ion concentrating conpartnénts. Each of the ion i ng conpartthents may
be consttoult Bt dincitian oéifigeidlave Hradditidealdof bxihdngd membranes drersedurell r ect i on.

Each of t n_concentr, confrpart ment s y..be.co t ed and
15ar r ang8 ‘?‘(‘)e?lpﬁ"?fgqﬂgmé’l% fﬁﬁgl %@W@?@cg’% "i?F‘i“éb?ffﬁ)‘HH&Hé“t nj 5 different
fromt hethéderaﬂﬂltﬁhﬁl%kﬂﬂﬁﬂmeﬁﬂ%@ 8ROthE k&Rt oPUetdnt BbinARe BRRAMALH JTBY al so

conprise a first electrode adjacent an first i1on exchange nenbrane at a
firsts endnidflopranddbe secondditectian of uskllondintesain odwdnigaesht a second ion

exchange a a secagnd.end of e ce a Eac e first ion
exchangelegﬁ;g Sﬂ]@“@rﬂd"’%‘ﬁ Ol?eg%ﬁﬁ CP%‘R*‘@E’H& eé'n%%%%gﬁ gﬁi&?‘a ¥"an ani on
exchangeflTRAD 8RN secohdldiRbt X &g Elowe My 3R@nplEOhe EXAMRL&iontdte first ion
exchange nenbrane may be an _ani on exchange membrane, and the second ion

exc hangeﬂlﬁé rﬂl@%lﬁ@f rrayinpelingetéen ofdh- dhetesegd direpiioefdivid Rewapparatals nay
further al?d thh? gi {égtlérpgtcﬂld Fﬁ%%) ﬁllaocﬂ?§i cbrﬂgéﬂﬁen%%agyl r%{ﬁ%? %f | a.“d

construc ed a >arrange 0 reditect at Ieas uid fl ow
and:mcohﬂaenbmaf@flwd flow

The electrical purification apparatus comprising a cell stack may further
comprise a housing enclosing the cell stack, with at least a portion of a periphery of
the cell stack secured to the housing. A frame may be positioned between the housing
and the cell stack to provide first modular unit in the housing. A flow redistributor

25 may be present in one or more of the compartments of the cell stack. At least one of
the compartments may be constructed and arranged to provide flow reversal within
the compartment.

In some embodiments of the disclosure, a cell stack for an electrical
purification apparatus is provided. The cell stack may provide a plurality of

30  alternating ion depleting and ion concentrating compartments. Each of the ion

depleting compartments may have an inlet and an outlet that provides a dilute fluid



25 through the electrical purification apparatus and to prevent a direct
current path between the first el ectrode and the second el ectrode. As

di scussed above, the bl ocking spacer may be constructed and arranged to
reduce electrical current inefficiengjes in the electrical purification
appar at us. The cell stack for-the electrical purification apparatus
may be enclosed in a 30 housing wwth at |east a portion of a periphery of
the cell stack secured to the housing. A frame may be positioned between

t he housfiogiamilrst deeatiohl Eatlaoktht dorpeonemtentiigcompart@8nts nmaydiavasgn unit in the

housi ng.. second ular upit may als e, secured within the hausing. A
oy ookt oinfe SREAT CulTP AL Blot b cPRYeo R SRR AGK 14 R Sechha atSertahinddas vl ¢ and
t he secofiffefRORbAtha ALt dirértiohOW §p%@ér§ﬁ£3{6\ RitdiRY iP@cREESEAL. THe one or nore

of the conpartments of the cell stack. At 1east one of the conpartnments may
be 5 corgpeeaisnaydpravide arncivgdol anddefme\theleorhpasnenss/ards & camiaithi n t he

conpartnent. . A bracket.assenbl b osi tioned bet the frame and the
hous?sng TEN 5’%63&/5“8%&%{?%8’0‘?1{6(:{183 ﬁﬁ%ﬁﬁf@?gﬁh&ﬁe@gﬁﬁ?gﬂv@e r @2 He nmodul ar
uni t wi tihyibd HBldARMAEIsPeber which mdybE@nbRiidte €A AMBO tSrediredtheleditscl Osure, a
portion of the peri pher]{;‘/3 of the ion exchange nenbranes or the spacers in

the cel |ongtod duigydgwigad elesticalrugientibmusd thy eahl siadke Asdisqusserd. 46 as to provi de
h . i i .erd \ R hesi ,
ona "t no ESking SELEAPREY dbrbilfc SEEHENMPR L BlencRE BB RIBHIAC o) 1O

spacer s, purdfichtiangsparaniis. bot h t o provi de a conti nuous surface upon which
adhesi ve may be applied. to jo'H i.on exchange nenbrapes, such as_ani on and
SI‘Plflet g

t ] )
cati ®h excha O%ﬁmb&a&@m disrlopppnrisetgal uphicAlion SPRABMEIY to t he

peri pher h . or- pitigate
adhesi veﬁ\%gp?{l'h?%%gﬁ or vmlﬁ ?:Sﬁfor{%}}%fe %tel‘%g S%Egg@}ei?lﬂ% ﬁg‘%g%t;l/&ga]lopom ng | ess
adhesi vedilgiag compasments andionfensmaetng canparmeents. dieed of dgabhdilutifyie seal

bands may al so contribute to greater nmenbrane uti]ization sed on | ess
adhesi v BERRGEE 1o eI, el pRgde adiid dny Mad™ e appl i ed to
the spacgfechyn.] PAGIItRNioRRbAE MG atiSOORASIShs MRY Bb BéhstrGQRE b, or the
20li ke. FIG 1 shows a spacer assenbly 10 that conprises cation
exchingearrangid rpeovide a fephew in @4ecoad diragticmrthatyis Hdfemnt frenbithafiest102. The

spacer 104, .whi .be a _.screen spacer al | ow faqr ag% si,ve 106 to be
appl +ed. sS i FReo A BE BRI RR AR ooy T Mpie s FSEBUEY Adhestves
or by ”’t@ijé&h’c abglil@t g ekﬁﬁlhgé ﬂiéﬁrbranfetata%%?éﬁﬂfbf the ckRSREL, vt Arsdédnan, or

ultrasonic welding. A w de range of adhesives can be used for the nmenbrane

si de seadlfctiode pdiafeny asprndden gichangs memnbrene at aseeprshendnidhe eelbsierkar omat i ¢

am ne Cugj . [ 1 I i e detail

bel ow. ﬁéecﬁ%gg%gégs@lgﬂ?gc%gg%gi%gl%%jrnleggd%é %Fglgd ]ﬁlﬁ%gé%agggﬁ{g&r?e §rane cel | , It
may e heapbe et adion Exdhasgamibebiavie of & oRiciSexohinge mhdnybraite. tihe epimpe] er m ned
glue line. If 30 viscosity is too |ow, the adhesive may run or drip off
fromt hetﬁﬁ figst 191 grehange merabrapnway be ay prien sxeliange megdratiegind 8 eadi ng t he

adhesi vesagyy i%ﬁ%ﬁgﬂ%mgé: Heth'r'eMemay be a cation exchange membrane. The apparatus

may further comprise a blocking spacer positioned in the cell stack and constructed

and arranged to redirect at least one of a dilute fluid flow and a concentrate fluid flow
25  through the electrical purification apparatus and to prevent a direct current path
between the first electrode and the second electrode. As discussed above, the
blocking spacer may be constructed and arranged to reduce electrical current
inefficiencies in the electrical purification apparatus.
The cell stack for the electrical purification apparatus may be enclosed in a
30 housing with at least a portion of a periphery of the cell stack secured to the housing.

A frame may be positioned between the housing and the cell stack to provide first



- 24 - If the spacer is a screen, it may be encapsul ated within the
adhesi ve whi ch al so bonds the two adj acent nenbranes. FIG 2 shows
spacer assenbly 20 conprising cation exchange nmenbrane 200, spacer 204, and
ani on exchange nenbrane 202. Spacer 204 separates cation 5 exchange
menbrane 200 and ani on exchange nentfrane 202, and may define the flow
conpartnment and enhance m xi ng and nmass transfer as the liquid streamfl ows
frominlet side 208 to outlet side 210. FIG 3 shows first spacer assenbly
30 and secdud wiptdo dhe lassEgb Ay se8and siepanatetmby alsp &c sccud@iwitHinghe wo
assenblies are nded toget her by adhesiv 306 10 | i al apng two

o al | el EgRs A HAT S WA BRHAR b Brones petugats BRTmaaya0udl ad | ¢ he
assenbl i £3.thSRAEK m3ddiaSRNHA TR ARIIMER rhdieod WoscAB RERIor 8fordlef i nes a flow
channel for a second streamthat is perpendi'cular in direction to the

st reans tht owhpaytméntoefthe celbstado Alsestbhe eSthe gemparomentpynayhe arrows. The

resul ting nmenbrane cell stack . n conpressed ks shown in El 4. As 15
Showt, (RN TG sE e L RO Ry ST RIBLLEE A Biflnel B Baskty a2 o o
secur ed dsQnih] nﬁ?%hﬁki{ioh@eﬂdﬂ@e&%@ﬂarr&%d@l%‘hdﬂsﬁig&d pRetidesppéiie t wo spacer
assenbl i es. e Lomngath t hrough each of the spacer assenblies 40 and 42
may go ithe Bofples pnigppdierseere theHnpdulanimit wishinsha bousiiBough t he conpart nent

defi ned bet e i i . krection, as
"ndi Co ed by gt hBARRALRIC BEIRTHES, INoPOr 48 BUAREOBEEIGPCH 0N, | 50
may be axdhdngt nfegntshnesamiarmpaddiein thebell fthekman b hreats@oocvdtcdi witlchi on may be

a concentrating stream_ In certain enbodipents, the fluid flow in the first
di r et i gRAtREY SBEs LuProElde 8a epbanged GREHH BP%E{T%HQ the fesmEmateriRle SYPASH 1 ow in

the_secopd fli e bhheBipBReROBMRE Lo 3 el hhdha? bEGANAGA the use of

pol arity reversal e applie ectrica is reversed thus
rever si rthe spaecid Satmbened, onbothdo provide a cavtintoys serfapeaaen wsskeadlieszs separ at ed

by spacers may be.secured together to forma stack of cell pairs, or a
oo andhSebs A B Joi fon e BB E FrteRt SB AT FECBARbHBEAAEE of ¢ he
present i SehASUrEheEeN Hatd hTaloqmvils SufboRQu Bid\riphaly e oses the cel |
stack. At least a Sorti gn g?@tahe perli phe@;/) of 3%&{1?(3@1%7(3” stack may be

secursed membrase. hBlrssealband rhasaprevent os mitignte adhiesive wet-uoegh dyevigkisizt i oned
bet ween (;[fh['ﬁe Qa%‘é%'v&%ear%’y glpoewi(r:lg Helss géh%%ll%/etugecp fo?‘ééc%n&?t?e' é[plalger%gl lctncis upport to the

membranes together. The seal bands may also contribute to greater membrane

utilization based on less adhesive being used. In certain examples, the seal band may
be applied to the spacer by injection molding, compression molding, coating, or the
20 like.
FIG. 1 shows a spacer assembly 10 that comprises cation exchange membrane
100, spacer 104, and anion exchange membrane 102. The spacer 104, which may be
a screen spacer, may allow for adhesive 106 to be applied. The membranes may be
sealed along two opposite edges by adhesives or by thermal bonding techniques, for
25  example, laser, vibration, or ultrasonic welding. A wide range of adhesives can be
used for the membrane side seam, including epoxies with aliphatic, cycloaliphatic and
aromatic amine curing agents and urethanes, as will be described in more detail
below. When adhesive is being applied to glue line of the membrane cell, it may be
beneficial if the adhesive remains primarily on the predetermined glue line. If
30 viscosity is too low, the adhesive may run or drip off from the glue line. If the

adhesive viscosity is too high, spreading the adhesive may become difficult.



- 25 - cell stack. The franme may al so conprise inlet manifolds and outl et
mani fol ds that allow the flow of liquid in and out of the cell stack. The
frame and the cell stack together nmay provide an electrical purification
apparatus nodul ar unit. The electricgl purification apparatus may further
conprise a second nodul ar unit secured within the 5 housing. A spacer, for
exanpl e, a bl ocking spacer, nmay be positioned between the first nodul ar
unit and the second nodular unit. A first electrode may be positioned at an
end of the filfgte sppchnlisa sanedrt, ittnegt bel rcagspbgdd witkin tienatihesive ptrnbrilwat i on with

t he secg%n?ddgﬁ%ul ar dunit. A second el ectrode nmay be positioned at an end of
the secdf¥ dRRAFAFY YRR onposite an end in communication with the

first modul arpigNbitshovféhatEizkahbla 98 0RIpYIsHB X atih SRR ALE YREN t he

frame and the housing of the firSt nodular unit, the second nodular unit,
or bot h.spFeee 28t seidamonsxehdyigy neeybrpreo)2d Spacqy PO sepagateheationdul ar units, and
provide for a secure chment to,the housin I n_one odi ment of the

G ¢ Pos raharibe S5 AR Eirte maTarca e oy BBt o el ed by
posi ti orflgig cémp@iEAad efthdncs hﬁﬁh% bl Mass fiaissr AgtRMiquRBaRam flRdpl at es may
be provided at each end of the cell stack. Adhesive may be applied to seal

at | eastfrem palet idm2Q tooytletsadd Hery of the cell stack to the inside wall of
t he housi ng. g@gﬁl‘ I i s encl osed by
housi ng 518. @@%éﬁ?ﬁ?gﬁﬁﬁgﬁe rgv{@n’q%ggge oﬁgrsb%\nc%kﬁﬁtg?lggﬁgfs 514. Tie-bars

514 ar e sepahridd shaerBoheThd waassémisldsmrdlyormiod topetiel by adlsdsbeydss A
non-netal | {.c, endbl ock 520 y be inserte etween the cell stack 516 and
endpitat eiplisd along PR lieg_g%"rfgﬁl % @%rpyf_gaﬁ?r Ot et lrene AEIGLRs 520
support thg ?sst@ﬁgﬁﬁ 3 Sertd shifligh& ﬁé?@ee%ﬂetﬁy o ALsEABNAES %Jfﬂ@i& hgwendpl at es.

The ends ar sleeves are sea agal nst endbl ocks 520 by 0- 25
ri ngs. Alhenaldion assecynd sredpl thatds pePemdiyulein minectivgt talthd streamsdloavisgpar at e

endbl ock, may. t hen not . hecessary. shown in FIG 5, endplates 520 nay
be.at ¢ acHEHED B SR Dlichr Sabeun PSP Bhd nuts 524, As shown I n FIG. 6
endpl at es 620rKEpsiiEndinbabhad Bl sﬁabl@%@l@c@ﬂﬁresﬁﬁ i$5H0M inFIG! £ A¢, endpl ates
720 may be attached by clanps 728, such as by Victaulic(r) type clanps.

301 ntss orsbowmbibid ifines spacco assemolyd saridsbe sesond bgacet ass¢ably 42wye srsuteddat ed
0ut o1 0e (e DR Hl0ne s B SOl BOOLHEY alel Skt e
flow path through each of the spacer assemblies 40 and 42 may go in a first direction,
while the flow path through the compartment defined between the two spacer
assemblies may go in a second direction, as indicated by the arrows in FIG. 4.
20 The fluid flow in the first direction may be a diluting stream and the fluid flow
in the second direction may be a concentrating stream. In certain embodiments, the
fluid flow in the first direction may be converted to a concentrating stream and the
fluid flow in the second direction may be converted to a diluting stream with the use
of polarity reversal where the applied electrical field is reversed thus reversing the
25  stream function.
Multiple spacer assemblies separated by spacers may be secured together to
form a stack of cell pairs, or a membrane cell stack.
The electrical purification apparatus of the present disclosure may further
comprise a housing that encloses the cell stack. At least a portion of the periphery of
30  the cell stack may be secured to the housing. A frame or support structure may be

positioned between the housing and the cell stack to provide additional support to the



- 26 - in the housing by segmented or snap rings inserted into grooves at
the ends of the housing. The endplates may al so be bonded to the housing by
adhesi ves. A netallic endplate may be fabricated, for exanple, by
machi ni ng or casting. A non-netallic,endblock or endplate may be
fabricated, for exanple, by nachinrﬁg'a 5bl ock of plastic or by injection
nol di ng. Once the stack is positioned in the housing and the

endbl ocks/ endpl ates are secured to the housing, adhesive may be applied to
seal theecfitsack. The flamehaaysilsgeamnytiseonlesmbrifedd frel dutleemasifiddothiat et mani f ol ds

for the two streans._from each ot her. The haousi is first. oriented with the
| ongi t uchliony tiﬁ)ﬂi(’.@’ Hrhinaa ou @&ge gelletads Ce)'t}‘el ?J?rf‘{]%‘? cﬂéﬁta?l‘? bel ow,
adhesi Vetogérfgaﬁ%y rfx%vifder SREHda St NGB AREs Sbagk: Wit Nk ddgnikpusi ng may

be differ the adhesive properties for securing nmenbranes to one
anot her puificetion @pesitis mplitheFomyee @rseogndanodiidmuicsesurad kithin the housi ng,

t he adhesi ve viscosity nust be ] ow.. The accept.abl e. .vi s it oul d be
achi éveﬁ‘%@lnﬁd(ﬁ W&c‘?reé’éf?‘%pl&i ?EIQ\é\iflgg PRRCG" br‘?ig?@(&logﬁﬁ@ez}”\‘%l. t%‘arhe pri mary
15f unct i @t Abd@aiditialthé SechbAd FRAURE uhit. S AVirSCASIHode hiydetpasitiondke it easier

to conpound, or to inprove application properties. Lower vjscosity may also
be i nporaneend df thealdtst moilwlar unitihiat ialopposiigaa spd & ¢ammpgicatian with Bigs gr eat er

penetratjon into.a poero r i n- por ous
Cur t acosseoba GaRRt 26 S Mgl ARapF buiiSieh dmlild b SspBEV

di gl yci dybdgihefit thads 6ppits an 280 hecomantiisanosith e firawnadulgranitnent s may be
about 0.33 nmto 0.46 mmthick and, in certain exanples, the pot may be air

voi di¥% ree. Théb bisketasseminaray(bedwadicne] between the fegand thebousiig ofst ack to
t he housj . el E ' re
menbr anztggg Bﬁgﬁ@hgﬁgﬁﬁ’ﬁ é gﬁfc{ﬁ)lhg hfrér)éﬂﬁﬁggmtlggjg a}i%{slge{k%g&%%dté §%§esl%l Havéé“enough
mechani gabvide sepgitto tiee modiist wid, drhieproeidg lidr axfecare miadimsane tsthack. | n 25
certain enmbodinents, it may be desirable if the pot did not deform under
feed fl dWUsiEssur e. The housing is first oriented with the

| ongi tudi nal I@’glﬁéle%ﬁhﬁ%ﬂt 81 the @i BlosBreS 1R Mechita] pRIMAHoR bp@PRLYAY adhesi ve

806 to secure ce stack 816 within housing 818. Housing 818 may be rotated
so tisat tx geserlgbdby poditioehg a steadkaigi@]! stacktito s I®0siegbodésselnt , corner 830,

and.al 1 ohpsP e P BioidRE Sl ol OF el B DObPUTHE b B hl

seal at least a portion of the periphery of the cell stack to the inside wall of the

housing.
FIG. 5 shows one embodiment of cell stack 516 is enclosed by housing 518.

20  Endplates 512 are drawn together with tie-bars 514. Tie-bars 514 are isolated from
the fluid streams by non-metallic sleeves. A non-metallic endblock 520 may be
inserted between the cell stack 516 and endplate 512 at each end if endplates 512 are
metallic. Endblocks 520 support the electrodes and isolate the liquid streams from the
endplates. The ends of the tie-bar sleeves are sealed against endblocks 520 by O-

25  rings. Alternatively, endplate 520 may be non-metallic, and a separate endblock may
then not be necessary. As shown in FIG. 5, endplates 520 may be attached by bolts or
threaded rod 522 and nuts 524. As shown in FIG. 6, endplates 620 may be attached
by flanges 649. As shown in FIG. 7, endplates 720 may be attached by clamps 728,
such as by Victaulic® type clamps.

30 In some embodiments of the disclosure, the tie-bars may be located outside the

housing. In some other embodiments of the disclosure, the endplates may be secured



- 27 - coincide with a periphery of cell stack 816, which can be

i ncorporated into housing 818 to facilitate injection of adhesive 806 into
housi ng 818 to seal corners 830 of cell stack 816 to housing 818. After
adhesi ve 806 sets, housing 818 may rotated 90 until the next corner is
at the bottom The adhesive process Ts repeated until all 5desired

peri pheries of cell stack 816 have been seal ed or secured. Surface
preparation to i nprove the sealing of the housing to the stack periphery
may i nclindec hashgysegmeitad ommapdings iptrichntsgrobesset threcndnof thase t he

surface ,area tq,enhance adhesi ve. bondi ng For exanple, .the surface

pr epar at}foélﬁmﬁaah&g ?tg%méﬁéﬁf¥ﬁlb?n%géﬂgl?ﬁ l&%ﬁs{nggﬂyé’ég?sllﬁ!, or thermal
surface prepasaid#lic emiphté AIAD RALBRARI! R keRhple TBY Padfink OF Latdge 10 chem cal
etching or mechani cal roughing, for exanple. The housing may be

f abri cat&daontmetadlie pudhlenk orfepdplateangyl ke fabrcgied yordamplye byretachintrigat  assi st s

i N secury el | ,stack.tq the housing For exanple, one or nore troughs
may Ese pﬂrlg%u%ﬂébgasﬁlﬁotr R%HH%culsolnr{%o@%lgt hat the adhesive nmay be contained in a
defined area Oacerthe shaeispopigibhaiarie Busidpaandahd erfilbitks/ehplaboms in FIG 9,
housi ng 15918 is provided that has scall oped troughs 932 to provide a

r eser voi $c¥ise t g depsiag.adbesivs ey b appdigd to seal thejsiack fothsdoutingaed Went of t he

di scl 05 UG andiRATd BhuARRYLIG BHERLY Gl St hhat rgonpr i ses sl owly

rotating t ousing In one directi contr “quantity of
adhesi vehdusingng Bost ederited with lite: lbogiaidipl adib@oddiesi ve 20 conti nuously fl ows

towards the | st poj.nt. and for successive thin |ayers that may set to
fornl® seal _r‘ig%\gls‘&}sé"dfd& r(@@*@]&@"b@%ﬁ?ﬁ&%ﬁ%‘?"ﬂ@ﬁ %OTFF‘é’uFHg ness of the
ring Car}n@[ﬁbifaﬂg Eﬁ@l@@ﬁhf?ﬁ‘th@ HE GRS m?}ﬂg% H%f%?erﬁ%aoﬁ%@%ﬁ%ﬁive_propeﬂiésrfofm()t her

enbodi nent of the disclosure amne appl yi ng adhesive 1s provided that
conpr i sescuriyy nikmbrapesioiang andthettofsinmg celhstacle Korrseatringrm mbimbena 25

control | ed,quanti t. aghesive is injected into the housing at one or nore
poi nt o s it e TS0 SPeati it B Fvn Ehe ssPBebRareogn ™ he. housi ng
by cent rédultDbd adh@fve® bR AddiAR Yeab @V BhRnESAb the ASkcAdhésieBe primary The
enbodi nents of the disclosure that provide a nethod conprising rotating a

housisng fioaten of aghikuenl; is éxteiduee ishviseositnjegithenmake deatiergbicenpansliot  of
adhesiv o Jil%?)?ov%%pfal?cattigg ppo%"ej?[{eg.g L3Wer %ng\gﬂy imr%lylillls% be]ir(i)l'poﬂant in
achieving a suitable adhesive in that it allows greater penetration into a porous
substrate and allows for wetting of non-porous surfaces. The diluent could be
diglycidyl ether, diglycidyl phenyl diglycidyl ether and others.
20 The membrane cells flow compartments may be about 0.33 mm to 0.46 mm
thick and, in certain examples, the pot may be air void free. The pot elastomer
(adhesive) used to secure the cell stack to the housing should be more rigid than the
side seam used to secure membranes to one another; this may be because the pot must
have enough mechanical strength to withstand the weight of a membrane stack. In
25 certain embodiments, it may be desirable if the pot did not deform under feed flow
pressure.
The housing is first oriented with the longitudinal axis horizontal. FIG. 8
shows one method of applying adhesive 806 to secure cell stack 816 within housing
818. Housing 818 may be rotated so that a periphery of cell stack 816, in this
30  embodiment, corner 830, is at the bottom. Low viscosity adhesive 806 is injected into

housing 818 and allowed to pool at the bottom. Injections ports may be placed that



- 28 - I n anot her enbodi nent of the disclosure, an electrical
purification apparatus may be assenbl ed by sealing a portion of the

peri phery of the cell stack with adhesive with the use of a nold. The cell
stack may be inserted into a housin 7 and then conpressed with endpl ates at
each end of the cell stack. Adhesive 'may then be Sapplied to seal a
periphery of the cell stack to the inside wall of the housing. As
shown in FIG 11, a periphery of a cell stack, in this exanple, corner 1130
of cell imdide With 6 peripherpef ¢atlsseackedd 6] whichmah He kit8rporated mww Mysmgsi ty

adhesi ve . 1106 nmay he poured [nto d 1134. a alloywed to t e stack is
t hen }Xt%ﬁgéa?%h%@awegﬁwfd a&b?%wf‘of?@] 18130]‘?9’1‘@1“&&&35‘?@‘?4/\%%}?6@#3&4‘?1? el Fr G 1,
wher ei n ﬁ&ﬂ%b%@h&%@@th R Shw?dgxgeﬁe%@@&tg,%nﬁﬁg%?s?ﬂla_ fgfggthded@back 1216. In

certain exanples, mol d is ricated from a” mater at the adhesive
may not adihéremekocorner is at tAs betann Tha adiieGive pBoceseis repebedlonfiBdlE wi th al | f our

led is I ted i [ 131 i th 338 bet th
ahod VT RGP G APk § UGB OB oS AP Es el oy S SRR | od it
addi ti ongliy fU%%ﬁé@%ﬁnﬁg)ol @Ihoﬁs’h!x% ?ﬁgg%cléﬁérﬁ)h}eﬂz rhay hRHRE 'ﬂ&hﬁ%&@s and prevent

cross-| eak Det ween the fl ow mani n anot her enbodi nent
i |1 ust r aheidnayndifiugl the 4prfacerdnd anerease the srfackared ieenbiande dsthagiket assenbly or

corner supports, 1440 i.ch be fabricated by. extrusi,on ar injection

ol O o DR hof eamote, B g Bie Reraion 5 SOt FisEePeiniall T he
corners @éctG&l) orthaflal dtele prdpBrabioh, @l cOHPRALLSs théA0r (PHd mb§4Mluddhen serve
as anchors to 20 attach the stack to shell 1542, as shown in FIG 15.

Met hidds ehemcabgighing on seeghanicad seughing fos egempler supports to the shell include
pl astic joini t echni ques I [ | di ng. I, 1542 (and
1642) is in tu nhciu Iélérnﬁlaé’ %nﬁ%&ﬁ%%g ﬁ%{r@%‘%f‘gfsé%?%%g’.%@‘? a 16, thus

el i m natgedehetlhehanacdkts i Robrifdbe séibstkiclemsherhbysing. rReekymple, ddearout er

housi ng. A bracket assenbly or corner supﬁort may al so be used to secure a
25 nodul Beredruehs may bp graguiesl in the housing sodhatdhe adlissiye Mmayhesoprmef e

di scl osupe jefifle %&&E& fefale Bkﬂ@ﬁ%l}e?f&ﬂ’l? cBIPRALIAL WS sﬁ@&fa%b@@%&uﬁ%g reduces
or prevents inefficiencies resulting fromgreater electrical” power

consinpt 91dns pidvided|tkathas ealloped trdrigha P8Dto @ppde atreerafir foh edlpsps &6

di scl osur &e%(@r ovide for a nultiple pass flow configuration to reduce or
prevent ¥ 30 inefficiencies. The nmultiple pass flow configuration may

reduce the bypassmef ctaHSdifht of the disclosure, a method of applying adhesive is

provided that comprises slowly rotating the housing in one direction while a

controlled quantity of adhesive is injected into the housing. The adhesive
20  continuously flows towards the lowest point and forms successive thin layers that may
set to form a seal ring around inside wall of the housing. The thickness of the ring
can be increased by further addition of adhesive.
In another embodiment of the disclosure a method of applying adhesive is
provided that comprises rapidly rotating the housing in one direction while a
25  controlled quantity of adhesive is injected into the housing at one or more points. The
adhesive may be forced against the inside wall of the housing by centrifugal force and
may forms a seal ring as it sets.
The embodiments of the disclosure that provide a method comprising rotating
a housing 1018 in one direction while injecting a controlled amount of adhesive 1006

30  to the housing are shown in FIG. 10.



- 29 - through the flow manifolds, or |eakage of current, by elimnating or
reduci ng the direct current path between the anode and the cathode of the
el ectrical purification apparatus. As shown in FIG 17, electrical
purification apparatus 50 is provid conprising cathode 1744 and anode
1746. A plurality of alternating anioh exchange 5 nmenbranes 1748 and cati on
exchange nenbranes 1750 resi de between cathode 1744 and anode 1746 to
provide a series of alternating ion diluting conpartnments 1752 and ion
concentrati ngnmﬁmhafém’mrdimeﬂﬂcﬂ‘éthe cﬂbdoﬂnjmgmgﬂmmal ﬁlﬁﬁﬁcaﬁmyammrapmsi tioned

Wi thin one or

f d| luti.n ar.t.ment concentratin
conpar t rFBRY &° asommbled by SeRlingAPINUT of T BB & f??f StP‘r‘ ﬁ?“&ﬁi )

el ectri C@ithﬂiﬁlﬁ%ﬂhﬁﬂ’&'%@e@l%cﬁtxﬁ% &Qnseedsﬁte%owmg%d%&pm in FIG 17.
FIG 18 shows an exanple of a spacer that nay be used as a bl ocki ng spacer

in an el@oiprésad thlencﬂpletas ato&raclapqnhoiémlsell Tthek. sﬁb@lmwemy thempe i se screen
portion 18

sol ortio 86 eall 62 seal ing band 1862
may be @@ngg@qﬁa 2}1%6[% (E']ela’c(gfﬁ% ﬁcgln% %’?Slagﬁvé@ "3&6 BENgown in FIG 10.
The seal i ng bgagdewirm &, 1mrpwehéﬂpefaeaiusﬂae< hetmeemnigaoares13nd spacer
by providi nﬂ a flat surface for bondi ng In certain exanples, the spacer may
d

be fabridfaeBataply 11 Hj. aesyi herinsrstediintg mald, H‘hvﬁéOWtVPFé?iﬂﬁfla ey BSi on, or
[ﬁpl d prrﬁ&ep by g&ﬂ- 0 mold ﬁﬁozlng%ﬁpﬁgg?oegﬁq r’r@%{% s tl%elt'lfrfojtacf detBtseehh' Ckness S0
at the’scré ed

i on nay bé no ess may be larger than

t hat of ah@q:foﬁﬁfhsﬁ)lﬁafeq{enpﬁéryasrsﬁﬁuﬂl tn Flide 1zpwhﬁ5mradnwﬁwm1@lslﬁvance for the
bl ocki ng conpart nent r than that in the a ja&; %tc npart nents,
pe

be |
resul® i raj eash ¢prpgrdrdp Oeg‘ﬂhiet?qu]raﬁ%r &F@?%E@M?S@:@%? abl e since
t he nunble(gm%f Q&Rﬁ‘fﬁﬂ%&&ﬂﬁﬁ@é Fﬁq The edge of the spacer at
e

the solid |on ma e secure d tothe inside wall of a
housi ng. SoI |A5$imanrFIG}8631 oefl stahkl%tﬂaw&h alfefqufmermmf ffaatademhiswafd gi dto

25w t hstand the pressure dif entia the si.des. r features
soch as ot TBE8 Sethcesbr oo hemes s 20T LRGeS 20 1B 0L 1 11 moss. o
the mat eﬁduéin 1318. Ga ﬁ%?@g\mle’d%ﬁi eﬁdltﬂo%al &dh%ﬁbesstﬂas.eﬁrce%&%ﬁbkys 964 and

second spacei” assenb 1966 are provided. Bl ock |n? spacer 1956 is
posi t5 onteohsingtlié® and pnescntspméwakdsmnhe floe4namipldsecond spacer assenbly

éfg 6? h EBOFI G n anoﬁler emgodlment ?luggrsa%d i%fFI&n E ln?gr%lggagg !:elPsL% ckf f4(igtvsli i@ appar atus

bracket assembly or corner supports 1440 which may be fabricated by extrusion or
injection molding, for example, are used as a mold for potting and sealing the corners
of cell stack 1416. The corner supports 1440 (and 1540) then serve as anchors to

20  attach the stack to shell 1542, as shown in FIG. 15. Methods that may be used to
secure the corner supports to the shell include plastic joining techniques such as
ultrasonic welding. Shell 1542 (and 1642) is in turn inserted into housing 1618 as
shown in FIG. 16, thus eliminating the need to pot the stack assembly directly to the
outer housing. A bracket assembly or corner support may also be used to secure a

25  modular unit to a housing.

In certain embodiments of the disclosure, an electrical purification apparatus is
provided that reduces or prevents inefficiencies resulting from greater electrical power
consumption. The electrical purification apparatus of the present disclosure may
provide for a multiple pass flow configuration to reduce or prevent current

30  inefficiencies. The multiple pass flow configuration may reduce the bypass of current



present disclosure conprising a three-pass cross-flow el ectrodialysis
device. Cell -30 - stack 2016 is secured w thin housing 2018. Bl ocking
spacers 2056 are positioned within cell stack 2016 to redirect flow of
fluid and current within the electpg%%plysis device, as shown with the
arrows in FIG 20. In another enbodiffent, a portion of the periphery of the
cell stack and a 5 periphery of the bl ocking spacers are secured with
adhesive to the inside surface of the housing. As shown in FIG 21,

bl ocki nghspgh é¢re 286 ranifolds ovrilekkage ohcurient by atiminanng pé 8cdukinglihd or ns a trough

for adhesive 210 n_spacer 2156 is inserted. into a housing. The device
my  herlsEt SUERLBHE feugRa e arots an fe 385 Sk BfrRa B Bidfn {1y of cer
10 pai r sypparhfusand BbRA KA RIG SITasREidARiriPicatidpgPhtinisB0ds pRNsdeag 2218 and
then conpressing this assenbly with endpl ates and/ or endbl ocks at both

ends. Adiesyirisingratwdend j4hendgnede @46 ut dbusality off pltersatingysrien efehageet he
periphery of the ack b ot t1ng. i IS hented with
t he §xi SIX%%{r”’EaP%% 734as“mks§ ﬁ%tg\%rp?xﬁh%fr%m%%anﬁﬁa r ?gn%ez%%‘ggénrceagﬁg gtlgmr‘ ecei ve

adhesi vemndAsodh OMG tb prdlids a 238s ofaliesiting 183 Butin dompapplened 752 ahdte troughs
formed by rins 2368 on bl ocking spacers 2356 to seal the spacers to housing

2318. THen seEagiinecempsEmen|selded Blepkinggiracsid i’ PO mapds popitieaihet er s
' nsertqufé@{ag;{%r g mgggﬁa&l &Em%%bm%ndﬁ(ﬁfco%mkiﬁ In

certain ments an addi ti ohal ‘conponent, such as a gasket or o-ring,
may be usethartardtsddS# to cedadctatuidifidwiadnd chireakiovgthspabededinmcahssi st i n

containing, the 20 liquigd adhesive used to.s re the spacer to the housing.
In t#is 86?‘%%1’?“[“?%5%:&3?1 Wreby B eEops “hgﬁéj'cﬁr ed, may be the primary

seal . In anotiyey, 18BRAM APBLmANSE AGHE 10A3haCRReN DL bRk gABadr gasket ~ or

o-ring is designed to be the only seal between the blocking spacer and the
housi ng iamd cbeiricabplitéfiation aRGGatis ¢ Beeghacdr maypwnyrisa soken pertiped Bphery of the

cell stack may.b ed (see EI G .o Jhis. ma simpl Lf dul ar unit
assens! ypobig PPBIRRCHD: S R hoae (G2 FETRE LR BEQuBny P EoeE e

bl ocki nghdsResEhethBrahéiEoy\RIhSEiNgs, Wh §HdvaNindd3e $9 VEnd®aBhid Binds may | N anot her
enbodi nent, stacks of cell pairs with dilute and concentrate conpartnents

i n sisnglimpperssthe beshing betwegn membsaies gné spacesky poxidiag 3 Aatsusiaroios of
el S TR b ST B TR P, ) 1 e
conf i gurraidhimifg, tAetmadvanpegtofor tdpidpppysiagh may be that the stacks may be
sealed tot heA n(l)olfc?édns%ageef‘%ziyobnesofusﬁiff{]c?ent thickness so that the screen portion may
be molded. The thickness may be larger than that of a screen spacer. As a result the
20 inter-membrane distance for the blocking compartment may be larger than that in the
adjacent compartments, resulting in a higher electrical resistance which may be
acceptable since the number of blocking spacers is limited.
The edge of the spacer at the solid portion may be secured and sealed to the
inside wall of a housing. Solid portion 1860 of the spacer may be sufficiently rigid to
25  withstand the pressure differential on the two sides. Structural features such as ribs
may be added to the solid portion to increase the stiffness of the material.
As shown in FIG. 19, first spacer assembly 1964 and second spacer assembly
1966 are provided. Blocking spacer 1956 is positioned between first spacer assembly
1964 and second spacer assembly 1966.

30 FIG. 20 shows an embodiment of an electrical purification apparatus of the

present disclosure comprising a three-pass cross-flow electrodialysis device. Cell



- 31 - adhesives only at a portion of the periphery, such as the corners.
The bl ocki ng spacers do not have to be sealed to the inside wall of the
housi ng; they are instead positioned between the nodul ar units and seal ed
bet ween the ends. FIG 24A shows, faor, exanple, a first nodular unit 2470
and second nodul ar 5 unit 2472 mﬁtrr¥1hnges 2474 at the ends and bl ocking
spacer 2456 positioned in between. In FIG 24B, first nodular unit 2470 and
second nodul ar unit 2472 are secured to one another. Flanges 2474 of first
modul ar ggakt2026 Tdseaindd sehanBoustimgd0d8. BiodkiRdspacarm0rears ositienkdt oget her. I n
certain exanples, flanges 2474 of first nodul ar uni nqg second

2470
modul ar R coll sack A9 6 redireck oy o dpand prlt@ﬁt%éﬁgr YHer

enbodi mept : af dl i screen portion 2558, solid portion
2560, andﬁwécga?sﬁ#g“giﬁﬂp’%ﬁé’%ﬁﬁ“eﬁﬁ02?8i ng spacer may be nol ded with

circul ar fr ania adbthér ¢thbddiinsnis e abechnlvd thegmmiphéry of tEngpdstacktanhd adhesi ves or
gaskets. Alternatively.the frane can he .nol ded of t her nopl astic materi al
20"t Rar memRbSy dh i odfita Spet e womenau iy« feinHecREAE or

fabri cathpgohigeki ng spacers will be 15apparent to those skilled in the
art. Alternatively, the nodular units can be connected together with
cl anps, ti e- bAs showm iothiler 2k ddankingspeest 30 D¢ isgyovitih avitheoiicalar gm 2198 bl ocki ng

spacer . nodi fied accordin to ac L & ecuring

t echni qu‘@.lcﬁﬁorggr?etmé‘ﬁggﬂ'i q"rﬁ‘ﬁ%‘? gt(}létﬁgendﬁpég‘{pgégsges, m%&ﬁegtﬁ %8%%%%%? eparing a
cel | st arfe devicdnB B BEshseibleti 8 EhSRABEFIGASS Bihsertiiya plerafityeplyetid by
securing a first ion exchange nenbrane to a second ion exchange nenbrane at

a filost psas22bhapsd blopking spacphldp. or spacgrssiatedippsingrel dandtherne first ion

exchange I hany t i phery may
be fol decé)gfﬁggp%r %3?1%%953%@%% %ﬁggﬂﬁﬂh@%g&g«? mgﬁ)ﬁg?%%\?l{%ed& %‘gth\%%{éé\ the first
i on exclepigendyeedppiied ardedshelsecqratiooof thx pldpigey Sthastabk apeottiAgsecond
spacer assenbly nay_be prepared sinil The end fol ds first

| y.
spacer assenbilgusing 238 infheyeagn f"‘Hﬂ‘ttﬁ‘Eea’{éﬁHelFl_S?]cPé spewn H'éF]g{e@égg spacer
assenbl YRR k6t REaF AT donE Balsive ARERAGn FRE. BELhaRaRMBIBIANS ar e

secured to t end an 1 on exchange nenbrane of the second spacer
assersbl yapplibetcethd trboglesformgd bjhems 2868 oh blpkiag spanedcs 23 56pasel theay be
positi Ons%gce?'se %o oeugintggglép?ﬁee adhesive can be injected through small tubes or
catheters inserted through the endplate and/or endblock, for example.
In certain embodiments an additional component, such as a gasket or o-ring,
may be used, and positioned around the blocking spacer to assist in containing the
20 liquid adhesive used to secure the spacer to the housing. In this embodiment, the
adhesive, once it has cured, may be the primary seal. In another embodiment, the
additional component such as a gasket or o-ring is designed to be the only seal
between the blocking spacer and the housing and only adhesive 2206 located at a
portion of the periphery of the cell stack may be used (see FIG. 22). This may
25 simplify modular unit assembly by reducing or eliminating the need to seal the rim of
the blocking spacer to the housing with an adhesive material.
In another embodiment, stacks of cell pairs with dilute and concentrate
compartments in single pass flow configurations are first sealed in sections of
cylindrical housings to form modular units. The units may then be joined together

30  with blocking spacers in between to form multiple pass configurations. An advantage

of this approach may be that the stacks may be sealed to the housing sections using



30 assenblies. As the spacer assenblies are conpressed, conpartnents are
created to provide for a fluid fl ow stream between the spacer assenblies in

a direction different - 32 - than the fluid flow streamw thin each of the
first spacer assenbly and the secongﬂspacer assenbl y. As shown in
FIG 26, a first spacer assenbly nmay ‘be prepared by securing first anion

exchange nenbrane 2602 to first cation exchange nenbrane 2600 at a first
S5portion of the periphery. In this exanple, the first portion of the
per i pheraghesvesemiy atd fwytidhef the petiydrdy, 36618asthtca~nsmc6mdbbmkhigon of the first

ani on exchan rane, and, the fi.rst ca chan an t he
per | phor PHHES O 301G aBES st g0 iSRRI LT BRO EHSLUF 0% rmy  be
provi de%o@ﬁfo%@ﬂet@deéﬁhe%dﬁ'[hr%ﬁ?Qsﬂtgfealéﬁfﬁéf@&% tR6QAsand first cation
exchange nenbrane 2600. 10A second spacer assenbly nay be prepared

simlarly. ASFIEhaddh ShﬂWFIfQI e@mpleandirﬁtam@lam 210 ahésdcong modplacer assenbl y

e Cortol uEP 0 P R Y P e s A Bk B Bacbf S il Fhomor ane 1 <

secured Be@wéetme Iﬁﬂiﬂf(}fﬂ}}iﬁrﬁfmédwaraﬁit%méﬁ@@éwﬁd RdtRAGet 2472 4€ second
spacer assenbly. The overlapp| %éportlon of the end folds may secured by 15

t her mal ssead fryoneaniathsr.v Blangesr24ms oh frit expdulas eaih 26 (and sesongdhodulpn FI G 28,

the end l{IAnlJ O 25 TRY, B @Byl t&%{ﬂe?pﬁﬁ‘[% aﬁﬂ&a ?e%eﬂméng? 4 TR S MOGlikA Oned

bet ween € spacer asse i es are conpressed,
conpart rmﬁmswaraﬁd@éoaaﬂﬁcbdhmpﬁ@wmmfaplbefobhecdtogkmw stream 2986 between the
spacer assenhlies in a direction di f]!;ﬁ![ t than fluid flow stream 2988

wit hi% each dfIG Ré showssgnodlss embodisss; 33 lerking SPacet YN AP Yenbl v as
shown i rDS%h ohajaomlontﬁ%o rﬁ@@hnsg %ar?g 258Y. tf'ﬁéﬂ cf(rlﬂg g%:ef th?ac &&th' ques

to prepare t pacer asse the resultan a process is
pr ovi dedwitlheircularyfreahd 26/ 6fthat mmheddfet\amethd:)ﬂyngeathhmlheqjvecs\drcgesﬁew faster

overal | senb of an e t urifi.cation aratus. The narrow
thor al ook taan e Fastted ot e mintesrie Mt SE0! SRt G aner
25menbr aé&‘é‘kéié hﬂe'né@ﬁéc@éharmﬁl@r r@i@%oﬂ@ﬁfr?ﬁ?ri%aﬁﬁ@bl%fsl&hg ket will gehe overal |

el ectrical purification apparatus. In certain enbodinents utilizing thernal

bondisng, apaait todese Sk!éleémli theogtment stri ps of a poI ynmeric rrat erial, for
cram . ool VRLSRM 1 RSUSIEVLERSe P RE RS ROIEET L
t he mentyaaN&sothdriseuring t§(9inhcﬁié§.l TBe @¥ehn of the blocking spacer may be modified
accordingly to accommodate the selected securing technique.
In some embodiments of the disclosure, a method for preparing a cell stack is
20 provided. A first spacer assembly may be prepared by securing a first ion exchange
membrane to a second ion exchange membrane at a first portion of the periphery. At
a second portion of the first ion exchange membrane and the second ion exchange
membrane, the periphery may be folded to provide end folds. A spacer may be
provided between the first ion exchange membrane and the second ion exchange
25 membrane. A second spacer assembly may be prepared similarly. The end folds of
the first spacer assembly may be aligned with the end folds of the second spacer
assembly so that the end folds of the second ion exchange membrane are secured to
the end folds of an ion exchange membrane of the second spacer assembly. The end
folds may then be collapsed, and a spacer may be positioned between the spacer
30 assemblies. As the spacer assemblies are compressed, compartments are created to

provide for a fluid flow stream between the spacer assemblies in a direction different



30 conpressing the nenbranes, may al so assist in ease of assenbly, as there
may be nore room for the appropriate bondi ng equi pnent and devices to
assist in the bonding - 33 - process. The thernmal bondi ng techni ques may
al so prevent |eaks in the menbrane sfack. This process may al so reduce the
conpressive force to nenbrane spacers to maintain the cell stack integrity,
resulting in a | ower pressure drop through the nodular unit. 5ln sonme
enbodi ments, adhesives nay be used to secure the ion exchange nenbranes and
spacer s than thedblid flowastrkam Adtias pach o theafirshspacdrassepmfly bnd thepeapdr i ng a cel
stack n%% have rticular characteristics or properties that allow for a
sui t abl eP8EH1® %#%e conponents of the cell stack and to secure the cel

stack within AgsvarinFIGabe6, pfidsf dpaadriaSdnedp tHag b prépakal HihecdBSRrsPr operti es
may include the adhesive's 10 viscosity, gel time, cure tenperature and
el ast onedien pichpegermersbrapy 26R5dofliFplrigliemex einbeng6@(hat afifisesi ve, it has

been fo . . t e t ane,st ack and, t he
hoveino b8k B 006 SRR RINIRD Ao TR AOFIBAAR AR
puri fi caby therna) pandRers. mya fieofidpbraen odthedlrktrinivat exdharlgd nsdifRatoERlS epoxy or

epoxy-based materials or polgurethane_or 15 pol yur et hane-based material s
may be uSedirsteation sxehangs ragrabrape, thedperiphey Ay b 4pireqyide epddoldseni cal

Dr oper t i Aot BBhodBE0 ka0 e RSN 15t 1] A RGALEAGnOgR I anes t o

one anot her, acks to housi ngs. e epoxy or epoxy-based
mat er i al amieyrstoaitipn eschange msmbraan@680.curi ng agent. To provi de suitable

sealing to the nenlyranes or t he, housi ng, . t.he resin nmay e 20
cr o5t Prki ng. AFFBAhEEE FRrRb RGTCYe BEDHER SUaTDy L HERPEAFTY Feact | ng t he
resin widia @1d3978@ B fie FétisPateR IRBMbly HiSy B4l ARE Rlay TRY¥:l gkggted from
t he gro;& consi sting of aliphatic am nes, am ndoam ne, cycloaliphatic

ami ne, Hlsax78fraf the seerindespackn esseumblyngp thatahe sndvinydsfabe fiest ationi cul ar
properties,to the ,adhesive, includi b not. limted to,.viscesity, pot
e Cuprhhe e serarrbR b ged s Mud Fligh SHUBREPERPESE T enyt h' - and
cheni cal the e&dofili 8peer A&kérfiblyC Uhke d¥erlapping gdtGoef the bR RAMEMAY secured by _

pol yur et hane-based materials may be produced by the poly addition reaction

of ald i steymeahbaeding.tadhesiyss) gapednoical(tpdinyasicy. A shon py BEeA8ethornd cat al yst .
T LS R BRGS0 SIS 3t ccourc
menbr anessérmbléie As the spacer assemblies are compressed, compartments are created to
| provide for fluid flow stream 2986 between the spacer assemblies in a direction
different than fluid flow stream 2988 within each of the first spacer assembly and
20  second spacer assembly as shown in FIG. 29 by the arrows.
By using thermal bonding techniques to prepare the spacer assemblies and the
resultant cell stack, a process is provided that may allow for ease of assembly, and
may provide for faster overall assembly time of an electrical purification apparatus.
The narrow thermal seals provide for larger flow channels that may result in higher
25  membrane utilization, which may increase the efficiency of the overall electrical
purification apparatus. In certain embodiments utilizing thermal bonding, additional
re-enforcement strips of a polymeric material, for example, polypropylene or
polyethylene, may be used to strengthen the thermal bonding areas and to provide a
more robust seal. By thermal bonding the membranes prior {o collapsing and
30  compressing the membranes, may also assist in ease of assembly, as there may be

more room for the appropriate bonding equipment and devices to assist in the bonding



anot her, in sone enbodinents, it nmay be desirable that the adhesive remain

toa - 34 - certain extent on a predetermned glue line or seal band. If,
for exanple, the viscosity of the adhesive is too | ow, the adhesive may run
or drip off fromthe glue Iine or segl band. If the adhesive viscosity is

t oo viscous, spreading of the adhesive may becone too difficult. 5In
certain enbodlnents it may be desirable to use an adhesive that has a
simlar thernal expansion as the menbrane to secure the nenbranes to one
anot her .pra¢rss. Whg/thomeal dondipg techuiques wenelks pravenirlgakislie theanembrgne

a,.suitable adhe5|ve for

b d
TF oot o T abddt Bl 38 red e e Shn SRR et Ritesfiiets Bon ot o e

curing agsintaiddy cBe skl Bidgity, tedultneanpl 1ewedStesdhiddiap | Itlfroﬂ%‘ﬂ the has a strai ght
carbon backbone chain, which may provide a high degree of flexibility for

t her mal reg@d#sitiih. Use of this type of curing agent may allow the side seam

to expand al am ne curing

agen;gs have g@%ﬁﬁele@ b%?ﬁ%ésﬁ?m&?%ﬁfes %g %dﬁ@%% a??ﬁ.éq |C‘%B}r%%§ provi de

ri gid elmshbrmgés pidcpadcs B ceﬂ&ta@kcardhaslvbsahhoﬁhmnmﬁﬂ)ﬁn plepsrindi scl osur e,

adheswes that may be used to secure nenbranes T%o@g@ not her may have a
ef5g

vi scosi tSgllistrck maéfﬂlj@e pRIRLgpehinaciIct & ppBte agyitahlthi ent

t enper at Ry Lolf dtA® i shange from about
15 m nut%se%o a%ﬁﬁqdﬁ%%gm ?lﬂt}lt%gmhe a h%glil%etgfra%/ gtave ;ﬁnsﬁ%re D hardness in
a range a‘leommedtbomﬁca’ﬁﬁniapp&ramslhoﬂsﬁhgtleabpmmrtEerr;agnmludeethaadltwlvatkhes| ve may

plied by any.suitabl e neans appl,i ed an.aut omat ed or
el prSORES i Sl HEE R PG ST Brol i B AARHE w Gt h i n o
range ofpy Es §F tROadHRGNE St A BRER Wund: tﬁat'tl'ihcm st@ﬂﬁh%eﬂ’bééﬁ thdli ckness in a
range of a out 20 mls to about 50 mls. The adhesTve maé be cured by using

ul t ravi ahembilanghiack anddhe houalmey he anmnceds ond thedeakdge ndkaire, or the
i ke. 25Adhesi.ves SeCur,i nmenbrane cell stack to a
nousi ng SR LbETEAgn DpLeBS riy e iR REOABRBINT eveq by addi ng rsacti ve

di luent's i nt antsbe Fhee dpSehaSpsRy- b%éd&ﬁhibrﬁlﬂs@rﬁblhﬁ@ﬂh&ne@r | ower viscosity
adhesi ve may be obtained, and may allow for easier application of the

adheli v@olm@hmbase@n@m@mrpamusgﬂs ol his ey e due iy gk dherahet ration into a
por ous I'HQC?’I%.E%%F?I%F egl%zh% eits tl@}q ngar}fa‘ﬁowle"m%g be%@e%ﬂﬁﬂ'éfs@aq%g In certain

exanpl es, ro
of membranes to one another and to cell stacks to housmgs

The epoxy or epoxy-based material may comprise a resin and a curing agent.
To provide suitable sealing to the membranes or to the housing, the resin may require
20 crosslinking. This crosslinking may be achieved by chemically reacting the resin with
a suitable curing agent. The curing agent may be selected from the group consisting
of aliphatic amines, amindoamine, cycloaliphatic amine, and aromatic amine. The
curing agents may provide particular properties to the adhesive, including, but not
limited to, viscosity, pot life, curing time, penetration, wetting ability, mechanical
25 strength, and chemical resistance after curing.
The polyurethane or polyurethane-based materials may be produced by the
poly addition reaction of an isocyanine with a polyalcohol (polyol} in the presence of
a catalyst. The reaction may provide a polymer containing urethane linkage, -
RNHCOOR’-.
30 When an adhesive is desired that is suitable to use to secure membranes to one

another, in some embodiments, it may be desirable that the adhesive remain to a



- 35 - consisting of diglycidyl ether, diglycidyl phenyl diglycidyl ether,
and conbi nati ons thereof The adhesive used to secure the cell stack
to the housing may be nore rigid than the adhesive used to secure the
menbranes to one another. The adhesiye used to 5 secure the cell stack to
t he housing may be fornul ated to have enough nechanical strength to
w t hstand the wei ght of the nenbrane cell stack, and may not defor m under
fl ow pressure. In certain enbodi nents of this disclosure, the
adhesi vecamgtextont se @praletdnmined| glusstingok sea hahd Holos iengmplaythh aiseosatyvi scosity

inther e f.rom about 300 cps to 2000 cps..10 anbi ent ..t enperature. GCel
e of | CHES Atk oSy in g piaon e 967 At E I SO HACEREE" 1 i es.
The adheginde 1Y aBRsBredisebsiteiskbd Viseouk appdadats FhaideEive tha§Beadmanbi ent

t enperature. The housing in which the menbrane cell stack is

posi t i orfed difiguléecured to provide the el ectrochemnical purification
apparat us nmay; b fi: i I r. fluid fl ow
and c‘ﬁrrent fﬁno%rt\z}n\?i ?eﬁ?bﬁ)dpﬁééi*}f%%tﬁrg#% %@%Sﬁgﬁlgtﬁgée?%}%@ﬁﬁ*{%% aga%nad current

Wi t hi n i dimilaOthend RRphsidnze thomsmbgneto fus thgmerbrdes const anodfeed of

pol ysul f gne, pol yvi nyl chl ori de, polycarbonate qQr epoxy .i npregnated
fiber gl ablis mpyPrenenker tafuce psasks pprinkles abile Mg brans-ingsie Btefacem an

extrusi og o‘}g&%%étenhfﬁie%%ité’dgsg%{egﬁ@%r é?éctﬂé%??%riﬁéa‘?i%ﬁ%ﬁﬁr%&. typically

provi des a dense structure a genera snooth Tnterior. To enhance
t he adhegiplieatbmsdhb etwerimatidneoflaomisd agirgragentreaynbadtenete Krelekamplrck, which

may fail dye.to forces of. continyous fluid flow a portion. of the interior
surf Hee P “%f“ﬁ_kﬂ%ﬁaﬁ@ S8 Te“ﬁf?é‘%?ﬁﬁ_?ﬂ"ﬁﬁba‘@_ew 1°8 gy PR Bé‘_lgg’ecur ed is
treated Qo dmstifdx@AliFY6F REEnAPRRI Q{getoetniger{éﬁewcm?g &RAl Rp of the

housing to the stack’periphery may include t ni ques that may disrupt the
sur f ace dbvathd sideceantectfand slmgadth the oxmbsanen KaetealiphtiwsAndeargroaith ng. For

exanpl e, the surface preparation. may conpri,se chen ca nechani cal ,

ol octr caine shtp Sp e R AR R BB Bor FBlee PRI TBRCP PR ot Thi s
may i nclsia eeRemee plopRittRi ng or nmechani cal roughing, for exanple.

In certain enbodi nents, adhesive_ injection ports in the housing are used to
ai d BOi n the Wedertoiargmbsrliragiieed this disslesyee, adlsives that @ay bewsedie housing in

o e ¢ OB th A TE BRE ARGngiShdy FhRGKaluly J12HE! 6 BB6: Roo" ©

adhesi veTnjectron ports
about 45,000 cps at ambient temperature may be used. This may provide a gel time in

a range from about 15 minutes to about 30 minutes. The adhesive may have a shore
D hardness in a range from about 30 to about 70 at ambient temperature.

20 The adhesive may be applied by any suitable means, and it may be applied by
an automated or manual procedure. The seam that the adhesive creates may have a
width in a range of about 0.25 inches to about 1.5 inches, and a glue thicknessina
range of about 20 mils to about 50 mils. The adhesive may be cured by using
ultraviolet light, ambient temperature, accelerated temperature, or the like.

25 Adhesives that may be use for securing a membrane cell stack to a housing
may have a low viscosity, which may be achieved by adding reactive diluents into the
mixed adhesive. By adding a diluent, a lower viscosity adhesive may be obtained,
and may allow for easier application of the adhesive. The lower viscosity may also
provide a greater penetration into a porous substrate and better wetting on a non-

30  porous surface. In certain examples, the diluent may be selected from the group



- 36 - used to introduce the adhesive to the housing. Mre than one
adhesi ve port may be utilized at each securing point in the housing. In
certain enbodi nents, three adhesive injection ports may be provided in a
particul ar arrangement to distribut §@hesive in the appropriate manner to
t he securing point. The adhesive inj€ction ports nmay be 5positioned in a
straight line, or may be scattered in a particular design or pattern to
achi eve the desired adhesive delivery. In exanples where a | ow viscosity
adhesi vecdnsistisgdf diglycida/cthemn digheridyl ipﬁmyl dimyaidid sthst.and comhimatientor ane cel |
stack to enhgnce t he bond between the nenbrane cell stack and the housi ng.
By injec??ﬁﬂ'adhesive in this manner, the anmount of adhesive that is being

used and the exoidnesing Gsdaaabe@nnge atk gadiotdiie hbesiadhas by oi@yigide noni t ored.
In certain enbodi nents of this disclosure, the nmenbranes may be secured to

one anot thew therrdhesivesysiad & secuiorthe meptheanes tenaanoter.| The adhesing upddAani cal
> ea'g' 19 {2GMANEPuacktS RERIRG TRV BrAERRRL b1 holith hidEhdnlafral | On Of

ri dges or grooves on at 1eas nenbr ane e spacers used in
t he el ecétfengthl to pidthisfahd e weightofalppaembiidie cdletack, dgdmagmoygdefonrs on a first
menbrane or spacer nmay mate with the ridges or grooves on a second nenbrane

or spacetderHaWres§@s- or groove on a first menbrane or spacer may interlock

with the ri dogscAhindhARUGRe ﬁ#{jﬂ%m&@m&réﬂﬂ@si% ustR&E §eurdhfiE caxanpl e, the

! £
ri dges or grooves on a first %e rane or spacer may be nmale ridges or
fittingsstadkab thahmsisigtrayt e mivispesityoin the tngs from dhoet 3¥epsdo 28¢thepsne or 20

spacer, which may be fe rid of, fittings. i 0 hange nbr ane
suchl%s %ltaﬁ‘g’l“?rﬁ %WS?%%‘%E@G %{heﬁfﬁe Cid 3%?&3?%ﬁ€%*%§@r?ﬂrl§ﬁ§@ay be

posi ti onggh B SRR etheR@hYER mENBave d SHorSPak BrardRGI bhAut3486o8d aspacer. In
certain enbodi nents, once a series of spacers and ion exchange nenbranes

has beerambisettbinperatuee.f orm a plurality of concentrate and dilute flow

conpartnents, the artnments. be 25filled. wt . i in the form of
a resin slurry or f@gl?%sg’@%@%‘éﬁr%ﬁ? n}eg}%)r%l}?ac 1% a\.é’k lyp(%lt{q%f%é\gn%o shows an
exanpl e Qbuh td Piovidel tROcleBksihemibal plirefipion appasitiidmay bb ngide oy ey 3090 for
mati ng seals on both faces of sgacer 3004. One end of each flow conpartnent

309215 s witeblsanaerial ip eltow Far fhyid Bpwiasd correffiaty wibingboapnamiys.ead & n i on
oxChanaS LRI RTRY, L MuEh e Mot J0 G0 0% O
t he end ¢masaeaehobsiaywlfbasipolyviriyddhioride, pblgtaborte ongeny impegagater nmay be
constr uc%ige(:rlgliags. tlhh% nslgtggaigﬁgerc]lefgf the -housiné may produced from an extrusion
process, injection molding, or other process that typically provides a dense structure
20  with a generally smooth interior. To enhance the adhesive bond between the housing
and the membrane cell stack, which may fail due to forces of continuous fluid flow, a
portion of the interior surface of the housing where the membrane cell stack may be
secured is treated or modified. Surface preparation to improve the sealing of the
housing to the stack periphery may include techniques that may disrupt the surface
25 and increase the surface area to enhance adhesive bonding. For example, the surface
preparation may comprise chentical, mechanical, electrical, or thermal surface
preparation, and combinations thereof. This may include chemical etching or
mechanical roughing, for example.
In certain embodiments, adhesive injection ports in the housing are used to aid

30  in the delivery of adhesive to the desired areas in the housing in order to secure the

membrane cell stack to the housing. One or more adhesive injection ports may be



In certain exanples, the concentrate spacer may be thinner than the dilute
spacer because in certain enbodinents, the concentrate fl ow may be | ower
than the flow through the dilute conpartnents. FIG 31 shows a
cross-sectional view through a stackof spacers 3104 and 5 cation exchange
menbrane 3100 and ani on exchange rren%)r anes 3102 prior to assenbly. Fenale
features 3101 on first spacer 3104a may be mated with the nmal e features

3103 on second spacer 3104b. Mal e features 3103 on_second spacer 3104b may
al so be Ya¢ kyinfiiodveertheaghesiye o thedousing Biooa then opppdhesiypaesmayiigac. To

conance (e AR by 08 B SUBIL 1 LA AEPIRADDADYIRR s, 1

10 may be e resirn'béa acke s may be
parti culiajecyormpanhageopiwvided ibe paiticulaeaeagemehnedisribuie udlicshput e wat er
appl i catet'hons. It has been found.that there are many possible ways to

i ncr easéNf ARPIRBIAF AGIBRIS thesecyrgng RXBinpihg adPesyigickign PUSSBaKeY in a
concent rafsfibns@ld 2 SPlid a8, ormeas%at?é}t gm?mieﬁlhlggﬁsig?g)q Sﬁt?i&? gglurried into

the conpartnments. Durfng operation o el ectri i cation
appar at ushievhéherdesirerbadhesivi deldierut b examphstwient s lovayisssi) kdlesiviehe di |l ut e

streamis dejionized. The resins y .al so be soaked in a concentrated salt
ol ut 1 ortedub Tk S s Suel o4 ke ipRregs Peletaste SHESEDmy ¢ hen be
suspendeghnidbeBfechithe SkmBae BN stable ndthe Woudind. OBY e GRBRAALIRITh $his Dur i ng

operation, the resins in both the dilute and cohcéntrate conpartnments may

swel | asmangy, the amewpef edhastyefthaiiivbeingdsedand e exothienwid heat gameritddut e
corrpﬁ)rt ngentgs 'elsivesvxéel Ie further as the dilute streamis deionized. In
anot her @x F‘rﬁ : tﬂ"éyc‘?)rfgglﬁ P&te conpartnments may be filled before the

di | ute conparih®fhis.embddini@idé AR dstred theahéBWakestRaybd @ouicdt® the dilute
compartments, and then the dilute conpartnents nmay be filled. Expansion of

the resid$ anathengnddp|sprercwibiabawambepeical sieple by meshanisa) sesbing onst r ai ned by

‘h . . . . i
ons! &y CREARES RS slalh nlal heaLOSENIHAL By ol IGhERIn BB RHONS PoCK! OF
spacer s @vfl4east oved afdhegediBiihas adPB4 bpacarsis3@ Hihe chodicabpdifadsn and a

detail ed view of the nmechanical seals interlocking. As shown in the
det al’l e PPPPRYS: dBRPIMEETUHIOVEI 99 afifyt IBambiane QHSRACEIINBBREIVIELEE t he stack

Wi th the;glesif 8o HRES sbndRlembRakbs séa%e?f%l?é%@éﬁ?ﬁ%rgy%éﬁ Wiy Of resin in

a fluid 1s punped Into the conpartnent The re e retained in
openi ngsm&abénabr tfheertiody mmervik whth theoripgestargnds/enbn b eedond nisdshrane - 38 -

carrier fluid flows thEo h., Wien the co fartmen s are full, slotted pl ates
are sli RIS pf AcBAH %ﬁ?eaﬁ‘%eﬁ S e ‘F‘IE ISHHSEITRE OF SPACPHRAE PEck may t hen

be 1ot atggle HAgansk fithBothhithSic GRIPRE HIBE 6t HBVes R thd dSish MeBrdngdkn in a
simlar manner. FIG %3 shows a part of a nmenbrane cell stack 3305 with
resi r espadani whichimaydw female ridges or fitlings. An ion exchange membrane such as a

cation exchange membrane or an anion exchange membrane may be positioned and

secured between the first spacer and the second spacer. In certain embodiments, once

a series of spacers and ton exchange membranes has been assembled to form a

plurality of concentrate and dilute flow compartments, the compartments may be

25  filled with a resin, in the form of a resin slurry or resin suspension, for example.
FIG. 30 shows an example of an injection molded dilute spacer 3004 with

grooves 3090 for mating seals on both faces of spacer 3004. One end of each flow

compartment 3092 is closed off with the exception of openings 3094 that retain ion

exchange resin beads, but may allow fluid flow. The other end 3096 of spacer 3004

30  may be open for resin filling. Slots 3098 may be present at the end to accommodate

resin retaining plates. A concentrate spacer may be constructed in the same manner.



5 3307 in place. Menbrane cell stack 3305 may be secured in a housing at
particul ar points along the periphery of cell stack 3305. For exanple, the
cell stack may be secured at one or nore corners 3330 of cell stack 3305.

I n anot her enbodi nent, the nenbrane STay be sealed to the spacers with
over nol ded t hernopl asti c rubber (TP%)'seals. After a stack of spacers and
10 nenbranes is assenbl ed and conpressed, the concentrate and dilute fl ow
conpartnments are filled with resins. FIG 34 shows dilute spacer 3404 with
ri m 340 7naadaio\ceamplesiahle smrknt84hacTireaybethinied dun skeadilutagpacer present on

both faces of ,the spacer.. The concentrate space e cpngtructed

simlar chﬂf.cal}sﬁ IR erayt emRYmGHSst ef%eegﬂﬁhﬁ%%ggﬁﬁeé&%ge ﬁgwconst ruct ed
to be thyrpeh ddiBid &fnshrintting. spacer, and 15 may not conprise overnol ded
seal s. FIG 35 is a section view through part of a stack of spacers

and menbr anesF1G. At sudivswcrosmssstiona vievs thaeush a3gack ofsgacgry U4 asdacer 3513.
Openi_ngs 3594 retain resin,within conpartments 9 ings or slots
3508 ¢ <efion spaest Benhing s O Mlri A RREA SRS EnPRaty 1 BRHERRD 1) Thg®i
this pardsigublar Femilediamet 3161 61cOistEpadér T104B nByhé mdted sitawe mblet ot her rim
shapes can be used, such as rectangul ar, square, or pol ygonal, so |long as

r I
the resukatures 3483 pn secant spasyr H4hd dalafetyestliiraserend Hacsiculfhg. In sone
enbodi ne i A Lm {?]pﬂ;g f si ng. Radi al
over nol J{e}%?%lgélbgﬁlﬁ%gg%ﬁ%@gg%g%%?%%@ ut edg%cegg%ht rate inlet/outlet

mani f ol ds andrd taatothe trahifer slabes thivmgh elgpiesiarbeads fndrthe membransgdur i ng or
potting. 25 Before adding resin tq the stack he stack na e conpressed
to sal m%b%%ﬁ%lﬁé%h@f?&hgbeé&gbﬁ?g% BQE{W!C@%* Sm%ﬁé’aﬁ_{% li shed wi th,
for exargalvgntaé&lﬁpﬂ{f%)ﬂilhfel g?g;aﬁnﬁﬁts% @R Pure water applifatiodd. Itha@b&&CL 1 ON Vi ew

showi ng resin retaining p s 3607 in place after resin filling dilute
conpar t nienhdthabthbre BOimany episibla wapbwdnereateshe péokingedensityy by over nol ded

seals and the nmatin mal e, feature d fempnl.e features.nmay be used
t oget herS*¢pp Wfrﬁégaé’bgee?ﬂi‘ﬁhm a.cogegen! mﬂe@rﬁ#éﬁ@u@é’l e ?Sa%(%mr%he menbr anes
may be sgabRl, b hBSsIBARKIGHR the Edn ANADieRRb R rhieR dfitRSclehitdle T adi al

overnol ded seals and the seals in the rimmy seal the dilute spacers to
t he Goncemificatien appavéuss themsinhinghe dibad icampariments may siist! apghedibéssary to use

0o e SRR e B 1B SRSt BB on o o
such as sodium chloride, and then dried. The resins may then be suspended in an air
stream and then blown into the compartments. During operation, the resins in both
the dilute and concentrate compartments may swell as they are exposed to fluid, and

20  the resins in the dilute compartments will swell further as the dilute stream is
deionized. In another example, the concentrate compartments may be filled before
the dilute compartments. The membranes will be allowed to bulge into the dilute
compartments, and then the dilute compartments may be filled. Expansion of the
resins in the dilute compartment during operation may be constrained by the resins

25  packed into the concentrate, thereby increasing the packing density.

FIG. 32 shows a section view of a part of an assembled stack of spacers 3204,
including 3204a, 3204b, and 3204c, and membranes and a detailed view of the
mechanical seals interlocking. As shown in the detailed view, compartments 3292
may be filled with resins once the stack with the desired number of cell pairs is

30 assembled. A slurry of resin in a fluid is pumped into the compartments. The resins

may be retained in openings 3294 at the bottom of the compartments while the resin



I ncorporates screen area 3725 as shown in FIG 37. This Figure shows a
fluid flow direction 3727. Openings are provided in two opposite edges 3729
and 3731. The openings nay be formed by wires that are retracted prior to
ej ection of the part fromthe nold. FI Gs. 38A and 38B show details of
openi ngs, for exanple at 3833, in edge 3829 as discussed regarding FIG 37.
FI Gs. 38A and 38B al so show mal e features 3803 which may interlock with
femal e features 3801. A dashed parting line is shown in FIG 38B. The
spacer mayridydlmblaes thabwgh. oWbes e compstimanitd sreafullydotpet platagaleishd 3835 of the

nol d and one set of, strands bel ow 15 parting.ine 3835. T trands of the
cor een SBROBREIS rSRBFT A B ComauE TS e THERASH FBY (A 0B USBE e and ¢ he
two set shohilsiklcangdart@bfs Aay@RtRRJIRAIPREMIS WlsBhildronpaeh ot her. The
cross-sectional shape, oriéntation and frequency of the strands nmay be

varied to prdfit 83 shawsa parkphgmembtane cel giaele 330wtk sesireregrinipe PRItSs or

baf f l_es -be, nol ded..int o _t:h r to formflaow channel s ..and inprove
rowsd: seErd plegr, Bohedeliafac B ek s R A GRRAER i oot ures

are nol dedntealonp ¢hd @pipha QLN etk 8305 (idr\éghniple] tht kell eddemal bat contain
I nl et and outl et openings 3833. The selection of material for the spacer
may depesenigd at one apnate Cornee333p of selpaadkodBd with thin walls and smal |l

di mensi ons, _{QnEBIBhLEodiRnd 1 RLABLNAl nAPRLLaRI06hd Babissyid. 5 ™) or

| ess. The material may al so have Ity to be nol wth snmall
hol es, prwefmoldbd theemoplhsticanblesr (OPR pdralst Afic@AGtackoliegaceB.an8 nmm) or | ess. The

material nay have a suitable elasticity to allow appropriate interl ocking
of tHe rRFEDHEASS | ansmbladardsompress twnﬁ%@t%ﬂ’é‘rﬂ?@m B%npat ability with

the fl ui §niRrBRnRULd fil180withrGins3 FI8N Y ehAvRALd YRcAT 3484 Wi mBlogpacer s and
menbr anes. "As shown, 30male features 3903 interl’'ock with femal e features

3901. Siandlcaeinyqldéchser] §3094 O hermeendlded seabman b6 Brasenteml otk fagés df themal e
featur esspgc(:)e?‘.l Thggélilc(%gtraet)é %Bz?c@ggla%g%&?s%%te %Pn?ilariy. L}g certain examples,
the concentrate spacer may be constructed to be thinner than the dilute spacer, and

15  may not comprise overmolded seals.

FIG. 35 is a section view through part of a stack of spacers and membranes,
including concentrate spacer 3511 and dilute spacer 3513. Openings 3594 retain
resin within compartments 3592, and openings or slots 3598 at the opposite end of
compartments 3592 allow for resin filling. In this particular embodiment, circular

20 rims 3507 are shown, but other rim shapes can be used, such as rectangular, square, or
polygonal, so long as the resultant cell stack may be adequately secured to the
housing. In some embodiments, rims 3507 may eliminate the need for a housing.
Radial overmolded scals 3509 may separate the dilute and concentrate inlet/outlet
manifolds and therefore eliminate the requirement for comer securing or potting.

25  Before adding resin to the stack, the stack may be compressed to seal the membranes
and spacers together. This may be accomplished with, for example, temporary tie
bars or clamps.

FIG. 36 is a section view showing resin retaining plates 3607 in place after
resin filling dilute compartments 3615.

30 In certain embodiments, the sealing by overmolded seals and the mating by

male features and female features may be used together to provide a secured



and ani on exchange nenbranes 4002 are secured between the spacers. Spacers
for a first stream 4037 seal the edges of the nenbranes bound for the
second stream while spacers for the second stream 4039 seal the edges of
the menbranes bound for the first stygam 5In certain enbodi nents of the

di sclosure the flowwithin a conpartment may be adjusted, redistributed, or
redirected to provide greater contact of the fluid with the nenbrane
surfaces within the conpartnent. The conpartnment nmay be constructed and

ar r angednembrapdicelt stadkut Bhefhembirahésomawbe bdated: théhaspapeas witbrmale Thé conpar t nent

may have.obstsuctions, projections, protrusions,.flanges, or . bhaffles that
mag prO\ﬁeH]él?ea{eTﬁ%ets’rW@?etﬁ%gdg SVW’&?@PET}E%&%@G% BWII’F Eﬁbﬁ]&ﬁ St &% orar t ment .
The obstdilifid ia0&rs tPihRcBREdnERE spidcdd. TaghidRbollin@ 86map hotf ddcesarypy be
fornmed as part of ion exchange nenbranes, the spacer, or may be an

addi t i orfaluse a harsngorstorn segls i eat the selbplock Wehansingi n t he conpartnent. The
obstructions, pr.aj.ecti Eusl.ons. L s be forned
by prsovi di ng Igﬁce§§1 eesr?{sb?)gﬁn?nr?%%kélﬂgg[gﬁensl?l\(}é&ﬁ%g% 3@? lgé%:)&irdga 11%‘?%'% ion
exchangenompbrafssesreb0ai@8 8 725 &d dhekwvn ik FEG SPA CHitis FRyrdshowrfagadioed W t h

t her nopl gsti.c rubber to formprotrusions that may _be bonded with adhesive
to adj acHFctia® A arfdreningsars providsd e ernashbedectdy2bandahisili ddct o t he
spacer UsielthoRhRG8R T B0 P fon"oP YR parEsHEN

printi né@eTElg co q%rtmsnt rrg;é/s%lr ngl;etfr?g{?éﬁ o%t goloﬂecﬁgﬁoexc ange‘gresi n. 20As
shown i nthEFkeld.41, first ion exchange nenbrane 4151 and second ion exchange

menbr ane 415 e 0 Lth first spacer 4155 and.a s nd spacer 4157
posi t9% oned agflz%eﬁ@z%% ﬁ#lcf“@fle@{.l?@g?ﬁe&% Eema@%& l&ﬁ%ﬁﬁ parallel to
the flowgi a%%?s‘éﬁﬁﬁ}Jgﬁﬁiﬁhéﬁﬁi1379m§.@8%eﬁﬂn§k}§£§&ﬁ{0\z\ﬂ1%§1% BavieRg baffles
that redistribute the fTlow frominlet 4163 of spacer 4157, around first

baf f| e 4385 vendh snay inferleckowitil fepBibafeatueesB8OT, and t hrough outl et 4169.

As shown in F 42. first i.on exch e ane 4251 and ond i on
exchange menvh AR PREE e RO LR Cr Phar TEpaer 1y 8 BeiRESHNG s pacer
4257 posrid enefstRadissRdNt phit@BlinE 3833 oSthe @@l 44bnd &t Shawmdabelbivow ng

per pendi cul ar to_the flow of second stream 4261, due to second spacer 4257

havi Hy beertingling i&dS. dhestandstafithnscecontspader asvhiovaniniiiCed S heg smispacer
4257, argtbgl?arfcgﬁ-tsgéﬂ%ké b {ﬁf%ggo %%g og%tgﬂlggal%eo%%ﬂgggm? ehﬁicﬁl%g?r%%gﬂ through

outlet 4 show & 1 ona Iments with

t he conpahéireriescrésQrsedtivmal shaps tofeataHon andEequRyicy of e siraismdyded spacers. In
FIG 43, the flow path, for second stream 4361 nay be co-current or
count er - YiicAdpprampte flughmixingeand/ orgedice prpressese diop. Rigs of bafflepapl beor second

stream 448i-A%o ik s%ﬁée?%‘%rﬁmuﬁé\{r chihnkisa5 iﬁbfo%@@oéﬁcﬁ?[ribution.

20 In certain embodiments, the male and female features are molded on the top

and bottom respectively of the edges that contain inlet and outlet openings 3833.
The selection of material for the spacer may depend on the ability for it to be
molded with thin walls and small dimensions, for example, on the order of about
0.060 inches (1.5 mm) or less. The material may also have the ability to be molded
25  with small holes, preferably on the order of about 0.030 inches (0.75 mm) or less.
The material may have a suitable elasticity to allow appropriate interlocking of the
male and female features, and may have chemical compatability with the fluid to be
purified.
FIG. 39 shows a portion of a stack of spacers and membranes. As shown,
30  male features 3903 interlock with female features 3901. Similarly, in FIG. 40, male
features 4003 interlock with female features 4001. Cation exchange membranes 4000



5 Selected solid portions of the spacers may be bonded to adj acent
menbranes with adhesives. Alternatively, the nenbranes may be thernmally
bonded to the spacers, such as by ultrasonic, vibration, or |aser welding.
As shown in these Figures, the dotteg, arrows indicate the flowin the inlet
and outlet manifolds for the second Sstream These manifolds are not
contingent to the inlet and the outlet to the flow conpartnent 10 for the
second stream Therefore, the | eakage current down the manifol ds between

t he anodmdamibnt ¢xehange moebrigesdRpe ereadcurod between theegacern Spaers dersodi ment s of

t he di sclosyre t 0 revidi ng a squrce.of, potab wat er ..1.S

ot todtiSt e Aot U SlasthPe At FOLFE R I REER Srp B Ehik S auct i on
of pot abdpacorar@ithd scoonbarMaL £39is8al IROVAZEE Bf thEMEeniBrhMbolRY foxAkpr i se
15providing an electrical purification apparatus conprising a cell stack.

The neth%@tﬁﬁ?nﬁurther conprise fluidly connecting a seawater feed stream

to an inlet | PE I . may

Furt Rer " comprisEirpanirg iR ok bisk Rk o ARP SR Tco iR L HR

puri f i céatd aafustal sadastilsuiéd) oargiireatbd & poividie gpdatersentaSasfuld Buidovittethieuary wat er
may have a concentration of total dissolved solids in a 20 range of about
10, 000 t'BeHBBOE Swﬁe}cewtbbﬁsﬁe FompAfmet, Tag spppatment ayheARREEICIEY  est uary
wat er ”%d*b&‘fﬁﬁ%& HIEEBHLRLA LD 18 ‘aﬁﬁkheddoﬁgﬁwﬁﬁt. Shld dfnRfmpheut 35, 000
ppm In this enbodinment, the cell stack nmay conprise alternating ion
di | ut i ngnephperdbsentt®ng polojectimns gprogutions, flagges cnpalilasait snayfachidefs t he i on

di | ut | t ment truycted and d to. i d f1uid
{1 ol n sripielo masubplate Biv iBRoRh B Srudfisil e compar t ment s
may be capRbise! SbtafEnd MaARACSH B AYY BefoRmbl Bé farf b0h eRciBing@cond

direction that is different fromthe first direction, as discussed above.
Fur t her ,membtanes, thermpa¢esroronacleaar additpat sepprate stureithgt istpeovided di | ut i ng

conpart nment.s be consttruct.e nd _arranged to.pr.ovi a_predeterm ned
por bont aguhBRE RSB HED S s BRHFR, bOBB BB B Cont act to 30
each of HdfBesaht b Ririndd bl providihgbh BLleRHGPAGMMBNIBe@dthaoRageRLRL | Ng

compartnments. As discussed above, it has been found that greater nenbrane
ut i | 15zatthe ipnsxehangsgnembranes to one another. The spacer may be impregnated with

thermoplastic rubber to form protrusions that may be bonded with adhesive to
adjacent membranes. The thermoplastic rubber may be applied to the spacer using
processes such as thermo-compression or rotary screen printing. The compartments
may or may not contain ion exchange resin.

20 As shown in FIG. 41, first ion exchange membrane 4151 and second ion
exchange membrane 4153 are shown with first spacer 4155 and a second spacer 4157
positioned adjacent them. First stream 4159 is shown as flowing parallel to the flow
of second stream 4161, due to second spacer 4157 having baffles that redistribute the
flow from inlet 4163 of spacer 4157, around first baffle 4165 and around second

25  baffle 4167, and through outlet 4169.

As shown in FIG. 42, first ion exchange membrane 4251 and second ion
exchange membrane 4253 are shown with first spacer 4255 and second spacer 4257
positioned adjacent them. First stream 4259 is shown as flowing perpendicular to the
flow of second stream 4261, due to second spacer 4257 having baffles that

30  redistribute the flow from inlet 4263 of spacer 4257, around first baffle 4265 and
around second baffle 4267 and through outlet 4269.



- 42 - greater efficiencies in the operation of the electrical purification
apparatus. In certain enbodinents, the nenbrane utilization that may be
achieved is greater than 65% In other enbodi nents, the nenbrane
utilization that may be achieved is_Lglr_eat er than 75% In certain other
enbodi nents, the nenbrane utilization that may be achieved 5 may be greater
t han 85% At | east one of the ion diluting conpartnents and ion
concentrating conpartnents nmay conprise a spacer. The spacer may be a

bl ocki ng spacEiGs. Phiagd dd phe ladditipes shvbgdofientreits dewanpartinged fotthough

provi de. Pie At damBA tanispr Widnes Sepgrmndn 16 o ey PR rBrRRE oW °
and the grepnB6liniACld @cifent bidcinfel-QuiréR Yo Bitst S@ELE 1ESh. FAFIQr pvi ded by way
of the construction and arrangenment of the conpartnents. Using the first

di r ect i othe dlovi path Brspeswdatream dd by ba peipandicglanioditgt sireamads8., the second
dir ecst ! O@elggtecf éo Jddpo];'tli& W o 4 gcner% nﬂla?él bg 'bgn?cﬁ;[d' t3 ggﬁ{':eﬁlg%eg%g%le? vafreater t han

S .
zer o "degrees and 1'ess Pian ertain enb he"di scl osure,

the 15 sgihesided [Allethafively thabhdenitidhes nihydic therdfillgmghded onhgspapandi cul ar to
the first fluid flow path. In other enbodi nents, .the second fluid flow path
may run chgs bpoltesepie tbration or laser weldingy A hawpdp Hese Figuresgthe et hod nay

further &&{éﬁ%%%airi Lt frle vt RiGnL h}f&tt%nwogﬁéﬁnaﬁfoh&%f tHRRE A shbfn.

alternating ion uting conpartnments and 1 on concentrating conpartnents.
One or Z2Dheyeteanifblds e o wpaingernd shamlet bad densitleuottbelflawdompadmgstd t o

redistripute or redirect_the fl ui | ow. This may be | i shed t hrough
use B _05&me&mda?ﬁregtaaﬁféﬁregqreffﬁﬁgﬁ%% . ﬁ@&%&@ Ffment t hat
may pr 0#%%gfde%ﬁhﬁfth@é‘a&l%de%‘eiﬁéc{eﬁ% 8¢ fddaede the fluid flow, as described

above. ectrical purification apparatus may further conprise a housing
encl osi ng 25 Insemeeinbodingrits ofthe dsalosurg, puethodwf pfoviding pesurphelr y of t he

cell stac e.secure o the hausing. The el ectrical. i fication
appar at L%ol%ﬂg?&’f’%’ IHEPVidS h%eéta’e? Wqﬁ%wn%?ts’fdﬂgﬁﬁoifa?ﬁ@?tlﬂ%gﬁeposi ti oned
bt woen audtH S BetaBR i BCt 6 kol @G proTitRd! AT gy asthgeent to or
connected to the cell stack to provide a nodular unit. The el ectrical

puri 3 caprovidingrmealentuienl pusiii¢aiionappareiyapeinpesiag e selbplackoblid methgdi t t hat may
be 30 secur w.thin. . ing.. Th i be secured
Wi thin (A& ﬁ?“hz?ﬁEqm%%stﬁgﬁ%@?;‘%%‘h&f‘ﬂ%?g%aﬁﬁaﬁ%nqg%%%gﬁg‘é Al thiee SFthe 0 The first

nmodul ar emdtiicail§)uﬁﬂbaamrab$aauis.oﬁhemﬂmagﬁayrﬁmﬂhempﬁsemaﬂﬁecond modul ar
unit. The net hod of providing a source of potable water may conprise

r edi r ect §argedingaaastlcnfdhoslegrisd urifigation anpariusdn @ PrialeP Rl USet ween t he
first mogulager 4p legtuzﬁ‘g) q’vatté}qnay have a concentration of total dissolved solids in a

20 range of about 10,000 to about 45,000 ppm. In certain examples, the seawater or

estuary water may have a concentration of total dissolved solids of about 35,000 ppm.
In this embodiment, the cell stack may comprise alternating ion diluting

compartments and ion concentrating compartments. Each of the ion diluting
compartments may be constructed and arranged to provide a fluid flow in a first

25  direction. Each of the ion concentrating compartments may be constructed and
arranged to provide a fluid flow in a second direction that is different from the first
direction, as discussed above. Further, each of the ion concentrating compartment
and the ion diluting compartments may be constructed and arranged to provide a
predetermined percentage of surface area or membrane utilization for fluid contact to

30  each of the alternating ion diluting compartments and ion depleting compartments.

As discussed above, it has been found that greater membrane utilization provides



5 second nodul ar unit. This may be acconplished, for exanple, by providing
a bl ocki ng spacer between the first nodular unit and the second nodul ar
unit. A bracket assenbly nay be positioned between the frane and the
housing to secure the nodular unit tp, the housing. Qher types of feed

wat er conprising different concentrations of total 10 di ssol ved solids may
be treated or processed using the apparatus and nethods of the present

di scl osure. For exanple, brackish water, having a total dissolved solids
cont ent grpater ¢ffinigaciof indho aperat@@0ofghneleeriad purifit @i @O ppmsndy chbun reat ed to

pr oduce tabl e er. Brine,..havi a total .dissolved soli content in a
ange. ofSgneud e bepBrre s ieate Batralt isa l e 8o & pr oduce
pot abl e A& mbodin&RehclPeMBAGE WENEHion Whit Aay HeaichiRYedistg@dAdr tiArssol ved
solids content in a range of about 50,000 ppmto about 150,000@£pm may be

treat ed 1o phoeptien eheiamtrodimasiin gheampmieane pglizationitha shaye asbievert cont ent

for purp i , for exanple, to a body of water, such as an
ocea%. \Kﬁlgfge%?g%% ar?;g*e/or'rbodi ments of the disclosure have been discl osed

many 20 nodi f Ackehdtons of thddint dibinig cangadksts iand fon@yicéigrafinge t herei n w t hout
departing fromthe spirit, and scope of the disclosure and its equivalents,
as set fOMRIEIENISHAAY MBI AFPRYCH; hle spacer mayrhgg Blogkingspaper-nThife art woul d

readily i . i L ! descri bed
ool d Bl L D PATE R o PP
conf i gurd¢dtoes puiifitatide pepatatup cnprokele siesiutdenfpopablcattenon f or whi ch the

el ectrical pugiflcat.ion apparatys and net hods.of .th resent disclosure are
isedld Thase" sl FSHUTSTPRET QHE v fd g Sepens Sirceiona i Bobandtsieer  ai n
Usi Ng NGselRfeA dhl Provididty \SafSPRE LomRuatdPihd ABRYeRAIofaleents to the

speci fic enbodi nents descri‘bed herein. For exanple, those skilled in the
art may qosgwgnicats. Using thh éird doaetamuy fluah Ho8Gs esimgomentusningatasgfa 0°accor di ng

L0 e PSS T RERSHF PR B OIS B e o %
than zero degrees and less than 360°. In certain embodiments of the disclosure, the
15  second fluid flow path may run at a 90° angle, or perpendicular to the first fluid flow
path. In other embodiments, the second fluid flow path may run at a 180° angle to the
first fluid flow path.
The method may farther comprise redistributing fluid within at least one of the
alternating ion diluting compartments and ion concentrating compartments. One or
20 more of the compartments may be constructed and arranged to redistribute or redirect
the fluid flow. This may be accomplished through use of a particular spacer or
membrane that defines the compartment that may provide a configuration to
redistribute the fluid flow, as described above.
The electrical purification apparatus may further comprise a housing enclosing
25  the cell stack. At least a portion of the periphery of the cell stack may be secured to
the housing. The electrical purification apparatus may further comprise a frame or
support structure positioned between the housing and the cell stack. The frame may
be adjacent to or connected to the cell stack to provide a modular unit. The electrical
purification apparatus may further comprise a second modular unit that may be

30  secured within the housing. The second modular unit may be secured within the



is, therefore, to be understood that the foregoing enbodi nents are
presented by way of exanple only and that, within the scope of the appended
cl aims and equival ents thereto, the disclosed electrical purification
apparatus and net hods may be practig&ﬂ_othermﬁse than as specifically
descri bed. The present apparatus and nethods are 5directed to each

i ndi vidual feature or nethod described herein. In addition, any conbination
of two or nore such features, apparatus or nethods, if such features,

appar at ususingisetthibdisandpe cndtangeimgeaibranejof denfsissmedular yrst isadjaceiédnwi t hi n t he
scope of. the .present .di scl.asure. For ?Xﬁﬂﬂ!e’ t he housing may be of any

sui t abl e’oﬁgé %?/mSH‘@ﬁa“Fﬁé eosﬁ‘éo%irm ‘B’l?ﬁ) & nenbrane cel |l stacks or nodul ar

units nmay be BIRCHEREd Wi bdkidindPso1Lx% e IHotabld Weteh B cofpiByrebRedki Ndri cal ,
pol ygonal , square, or rectangular. Wth regard to the nmenbrane cell stacks

and noduatdgasieoref cleghicabenricabped Geidfory hetwseniibe dpttaprdslasanitondthes the cel |
stack ore aRdul 2k "By A% %8?&!0 150ed 85 e%%gle[‘ﬁ%pﬁ&ﬁqigﬁ”p' e the
menbranes or spacers fmy be ec angular T n shape. cer n enbodi ments, a

15 housiblgckimy spaoér beewdedghie fist modbkr geioa®d thy sedontlmeodubrtuhiines and spacers
may be of any suitable geonetry such that the nbranes and spacers may be
secured wi t hif Prckelassaapbly may|bs Rogiicashblweauthadinme and thehquspigitar  nunber of

corners &Eur%?ﬁéﬂnﬁ&ﬁa%iﬁ@%&ﬁ%ﬂsi tack may be desired. For exanple, three or
nore corners or vertices may be desired to secure the cell stack to the

housi ng. | n cetheaiypesnifoct wetet sompirengydidieesnt gorROntodtioas pf titalt he housi ng,
cel |l stacgk, nbr.anes,. and spacers selected to acgco at e operati onal
par aifot dRsobea S REREL b TR BURPFRa 507k G Bt B S EOFTBaPe. ¢ he
spacer s drBynPis@SMIEE S &@inpld bR kRAWAGR! Rvilgl B2 AReSvedsdiia@w r at es
between the dilute and concéentrate streans. Further, it is to be

appr eci atostentard roge af abontt iHppm teoabiotti tHEObPRM maydelBiatedriopmdust s wi l |

readily o r to those,skilled in the art.. Such alterati nodi fi cati ons,
nal B b BARE ting aiore] diste Mo Yoligs Sttty Bhh Eeb B RBout Ing oy o

i nt endedst @GN dbokt tSTR0CERNBPn inagtibd te6RB plodtbkepdlitsie hWassr & sdngd exanpl e,
an existing facility may be nodified to utilize or incorporate any one or

nor elSas paghosligents, fhaing; heyingsafotal dippeized salids gpicrian asangerd aapEa0dfilds and
re o L4 0. SNGFH B S SR L Dol 140 g 1Y 10
dissolved solids content for purposes of disposal, for example, to a body of water,
such as an ocean.
While exemplary embodiments of the disclosure have been disclosed many
20  modifications, additions, and deletions may be made therein without departing from
the spirit and scope of the disclosure and its equivalents, as set forth in the following
claims.
Those skilled in the art would readily appreciate that the various parameters
and configurations described herein are meant to be exemplary and that actual
25  parameters and configurations will depend upon the specific application for which the
electrical purification apparatus and methods of the present disclosure are used.
Those skilled in the art will recognize, or be able to ascertain using no more than
routine experimentation, many equivalents to the specific embodiments described
herein. For example, those skilled in the art may recognize that the apparatus, and

30 components thereof, according to the present disclosure may further comprise a

network of systems or be a component of a water purification or treatment system. It



Accordi ngly,

the foregoing description and drawi ngs are by way of exanple

As used

only. - 45 - Further, the depictions in the drawngs do not |imt the
di sclosures to the particularly illustrated representations.
herein, the term"plurality" refers }Q. two or nore items or conponents. The

terms "conprising,” "including," "carrylng," "having," 5"containing," and
ng," whether in the witten description or the clains and the |ike,

"i nvol vi

are open-ended terns, i.e., to mean "including but not limted to.

Thus,
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reshfgichbQiean el ectrical purification apparatus conprising:

1. A cel
pluralit
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within Qgg SCORSY

a

of a ternatlng i on depl eting and ion concentrating conpartnents,

For example, the housing may be of any suitable geometry such that one or
more membrane cell stacks or modular units may be secured within. For example, the
housing may be cylindrical, polygonal, square, or rectangular. With regard to the
membrane cell stacks and modular units, any suitable geometry is acceptable so long
as the cell stack or modular unit may be secured to the housing. For example the
membranes or spacers may be rectangular in shape. In certain embodiments, a
housing may not be required. The geometry of the membranes and spacers may be of
any suitable geometry such that the membranes and spacers may be secured within a
cell stack. In certain embodiments, a particular number of corners or vertices on the
cell stack may be desired. For example, three or more corners or vertices may be
desired to secure the cell stack to the housing. In certain embodiments, the geometry
of any of the housing, cell stack, membranes, and spacers may selected to
accommodate operational parameters of the electrical purification apparatus. For
example, the spacers may be asymmetrical to accommodate differences in flow rates
between the dilute and concentrate streams.

Further, it is to be appreciated various alterations, modifications, and
improvements will readily occur to those skilled in the art. Such alterations,
modifications, and improvements are intended to be part of this disclosure, and are
intended to be within the spirit and scope of the disclosure. For example, an existing
facility may be modified to utilize or incorporate any one or more aspects of the
disclosure. Thus, in some cases, the apparatus and methods may involve connecting
or configuring an existing facility to comprise an electrical purification apparatus.

Accordingly, the foregoing description and drawings are by way of example only.



5 each of the ion depleting conpartnents having an inlet and an outl et that
provides a dilute fluid flowin a first direction and each of the ion
concentrating conpartnents having an inlet and an outlet that provides a
concentrated fluid flowin a second girection that is different fromthe
first direction; a bl ocking Spacer positioned in the cell stack and
constructed and arranged to 10 alter the direction of at |east one of a
dilute fluid flow and a concentrated fluid flow through the cell stack.

2. The cdémthestthedepigtions i thetirawings &0 nottlimit Bieotisdloryrespaerparticubaslyst r uct ed
and arr .el ectrical current inefficiencies in the electrical
purlflcgpggﬁﬂg-g &%&ﬁ mns 3. The cell stack of claim1, wherein the
bl ocki ng spaqagukﬂl&ﬁﬂﬁ&haﬁhﬁ&pﬁmﬂﬁﬁfﬁ@ﬂgaﬂuhpmﬁﬁ&kﬁ%ﬁhcﬁ'eCtriC&' current
within the cell stack. 204.The cell stack of claim1, wherein at |east one
of the plampaneRty. dhe fesms depntsing” sneluding. csanrnes aﬁlﬂﬂggacorrpar t ment s

COI'TpI’5! S.e‘%oﬂtafiﬁ% (fi J‘lﬁ{f(gikf}?l t”Qo(/he er-ﬂ? ﬂ‘rec\slllltl (#(e%&J;l?t% 09" Hluilns tﬁg.l er
conprising a sing encl 08i ng the cel’l eas a portron of a

per i pherlykephretdpeneeaddd et i.es ecmead“incuting baonkstilingited2b.” Thus, thefuse The cel |
stack of cl urther conpris i tioned betmeen t he housi ng

f p
and the Q,fg;l“ah?t“gékg @%F%‘Wcﬂé’péssf ?g?mﬁli Heg}er@%qe{,an d equivalemts The cel |

stack ofiheledf, if K ngjﬁg r red within
t he housi nge fi_b@wela%'ﬁ&cﬁlﬁ&nél%& ?n@?h@ﬂ??%@ﬁﬂa& %?r%ogmt% rt hgﬁdrlcorrprl si ng

a bIockfﬁgﬂ&ﬁa&smmpmgﬂypﬁﬁemchﬁtd@ﬁﬁthﬂoﬁﬂﬁ&MmﬂDﬂﬂmhnmmnlt and the second
m)dul rlégpl)etctzvely, with respect to the claims. Use of ordinal terms such as “first,”
“second,” “third,” and the like in the claims to modify a claim element does not by
itself connote any priority, precedence, or order of one claim element over another or
the temporal order in which acts of a method are performed, but are used merely as
labels to distinguish one claim element having a certain name from another element
15 having a same name (but for use of the ordinal term) to distinguish the claim

elements.

What is claimed is:



9. The cell stack of claim®6, further conprising a bracket assenbly 5
positioned between the frame and the housing. 10. The cell stack of
claim1l1, wherein the first direction is perpendicular to the second
direction. 1011. An electrical purifigation apparatus conprising: a cel
stack conprising alternating ion diluting conmpartnents and ion
concentrating conpartnents, each of the ion diluting conpartnents
constructed and arranged to provide a fluid flowin a first direction, and
each of the ion concentrating conpdiAlMnt s constructed and arranged to
provide a fluid flowin a second direction 15that is different fromthe
first direction; a first el ectrode adjacent an ani on exchange nenbrane at a

first end of the cglktll stadlekar an electrical paifvatlor hpsiritasdeonastisagent a cat hode
exchange menbrane _at a second _end of the cell stack; 20a bl ocki ng spacer
posi tioned i ri PlHEalipee] altermeting aprrdepdating apd syconsentsating sg@aatBentadi r ect  at
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bet ween dihee fluidstovelnecfirsodieecaiod ahd eachexdoindioalcontanadiing civiZirihimtel ectri cal

purification apparatus of claim1l, wherein t b] ocki.ng spager is
const r uRIPEAbst wt%t%ma@eéﬁee%%n@aﬁegge}# 5% 17 ReKONE] encies in the

el ect ri cfifechiM ttat GRLifFABHAPRARRL St difedtidhe el ectrical purification apparatus
of claim1l, wherein at |east one
a blocking spacer positioned in the cell stack and constructed and arranged to
10 alter the direction of at least one of a dilute fluid flow and a concentrated fluid flow

through the cell stack.

2. The cell stack of claim 1, wherein the blocking spacer is constructed
and arranged to reduce electrical current inefficiencies in the electrical purification

15 apparatus.

3. The cell stack of claim 1, wherein the blocking spacer is constructed

and arranged to redirect electrical current within the cell stack.

20 4. The cell stack of claim 1, wherein at least one of the plurality of ion

depleting and ion concentrating compartments comprises a flow redistributor.

5. The cell stack of claim 1, further comprising a housing enclosing the
cell stack, at least a portion of a periphery of the cell stack secured to the housing.
25
6. The cell stack of claim 5, further comprising a frame positioned

between the housing and the cell stack to provide a first modular unit.

7. The cell stack of claim 6, further comprising a second modular unit

30 secured within the housing.



30 of the ion diluting conpartnments and i on concentrating conpartnents
conprises a flow redistributor. - 48 - 14. The el ectri cal
purification apparatus of claim 11, further conprising a housing encl osing
the cell stack, at |east a portion _o{ a periphery of the cell stack secured
to the housing. 5 15. The electrical purification apparatus of claim
14, further conprising a franme positioned between the housing and the cell
stack to provide a first nodular unit. 1016. The el ectrical purification
apparatus of %I ai mtiescellfstackioéelago fpfurienepraprsdemablonkidgispaceuni t secur ed

wi thin the.h .ng. 17. The el.ectrica rification apparatus of
o a1 m 1 SRR b een the st mOdutgs B U Ko S8 mBAld MR 0D FORET AL HS 2T
nmodul ar unit and the second nodul ar 15unit. 18. The el ectri cal

purification apparatus of claim15, further conprising a bracket assenbly
posi ti oned bel-weenlherellistagket slaim Oh Birthstearpryisinga bravke assemblyt ack of cl ai m

11, %erﬁsﬂiohg(?b&weéﬁ th@iffa%‘fetélﬂ'}hé ﬁo&%gpendi cular to the second direction.

10.  The cell stack of claim 1, wherein the first direction is perpendicular to

the second direction.

10 11.  An electrical purification apparatus comprising:

a cell stack comprising alternating ion diluting compartments and ion
concentrating compartments, each of the ion diluting compartments constructed and
arranged to provide a fluid flow in a first direction, and each of the ion concentrating
compartments constructed and arranged to provide a fluid flow in a second direction

15 that is different from the first direction;

a first electrode adjacent an anion exchange membrane at a first end of the cell
stack;

a second electrode adjacent a cathode exchange membrane at a second end of
the cell stack;

20 a blocking spacer positioned in the cell stack and constructed and arranged to
redirect at least one of a dilute fluid flow and a concentrate fluid flow through the
electrical purification apparatus and to prevent a direct current path between the first

electrode and the second electrode.

25 12.  The electrical purification apparatus of claim 11, wherein the blocking
spacer is constructed and arranged to reduce electrical current inefficiencies in the

electrical purification apparatus.

13.  The electrical purification apparatus of claim 11, wherein at least one
30  of the ion diluting compartments and ion concentrating compartments comprises a

flow redistributor.
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14.  The electrical purification apparatus of claim 11, further comprising a
housing enclosing the cell stack, at feast a portion of a periphery of the cell stack

secured to the housing.

15.  The electrical purification apparatus of claim 14, further comprising a
frame positioned between the housing and the cell stack to provide a first modular

unit.

16.  The electrical purification apparatus of claim 15, further comprising a

second modular unit secured within the housing.

17.  The electrical purification apparatus of claim 16, further comprising a
blocking spacer positioned between the first modular unit and the second modular

unit.

18.  The electrical purification apparatus of claim 15, further comprising a

bracket assembly positioned between the frame and the housing.

19.  The cell stack of claim 11, wherein the first direction is perpendicular

to the second direction.



