- 1 - METHOD OF PROVI DI NG A SOURCE OF POTABLE WATER CROSS- REFERENCE TO
RELATED APPLI CATI ONS 5 This application clainms priority under 35
US C 119(e) of U S. Provisional Patent Application Serial No.

61/ 413,021, filed on Novenber 12, 201Q,;titled "CROSS- FLOW ELECTROCHEM CAL
DEI ONI ZATI ON DEVI CE AND METHODS OF MANUFACTURI NG THEREOF" and U. S.

Provi si onal Patent 10 Application Serial No. 61/510,157, filed on July 21,
2011, titled "MODULAR CROSS- FLOW ELECTRODI ALYSI S DEVI CES AND METHODS OF
MANUFACTURI NG THEREOF, " the entire disclosure of each of which is hereby
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incorporated herein by reference in its entirety for all purposes.

15 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
disclosure relates to systems and methods of water treatment using an electrical

20  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
exchange membrane to form a first compartment having a first fluid flow path. The

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

cation exchange membrane at a second portion of the periphery of the first cation



- 2 - exchange nenbrane and a first portion of a periphery of the second
ani on exchange nenbrane to forma second conpartnent having a second fluid
flow path in a direction different fromthe first fluid flow path. Each of
the first conpartnent and the second,conpartnent may be constructed and
arranged to provide a fluid contact g of greater than 85% of the surface
area of each of the first cation exchange nenbrane, the first anion
exchange nenbrane and the second cation exchange menbrane. Q her
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third compartment by securing the first spacer assembly to the second spacer
20  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
may be constructed and arranged to provide a direction of fluid flow in a direction
25  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.
The first compartment may be constructed and arranged to provide a direct fluid flow

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

exchange membrane. The cell stack may also comprise a second compartment



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 the second cati on exchange nenbrane. Each
of the first conpartnment and the seg?Qd conpartment constructed and
arranged to provide a fluid 5 contact of greater than 85% of the surface
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Still other aspects of the disclosure relate to an electrical purification

apparatus. The electrical purification apparatus comprises a cell stack comprising
alternating ion diluting compartments and ion concentrating compartments. Each of
20  the ion diluting compartments may be constructed and arranged to provide a fluid
flow in a first 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. The electrical purification apparatus may comprise a first
electrode adjacent an anion exchange membrane at a first end of the cell stack. The
25  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
apparatus and to prevent a direct current path between the first electrode and the

30 second electrode.



- 4 - In still further aspects of the disclosure, a nethod of
providing a source of potable water is provided. The nethod may conprise
providing an electrical purification apparatus conprising a cell stack. The
cell stack may conprise alternating_ison diluting conpartnents and ion
concentrating conpartnents. Each of the ion diluting conpartnents may be
constructed and arranged to provide a fluid flowin a first direction. Each
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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 schemattic illustration of a portion of an electrical purification

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



-5 - FIG 5 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
di sclosure; FIG 6 is a schematic illustration of a side view of a portion
of an 5el ectrodei oni zati on apparatus conprising a nenbrane cell stack
positioned in a housing in accordance with one or nore enbodi nents of the
di scl osure; FIG 7 is a schematic illustration of a side view of a
portion of anlél-&ds peehsinwiic 2dustotiomphaside uis';wzframqr@'tpmgf an menbrane cel |
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enbodi nents of the disclosure; FIG 9 is a schematic illustration of
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is a schemati I_lustration.of a.nmethod of. securin nbrane cell stack
in a housing ﬁré dd8 B pehsmatiov ?SItFaB%O Sifg Vg f the disclosure;

FIG 12 éléctﬁ)d%%f‘z&ﬁ&ﬂ Epﬂa}dtﬁ'sg&fn?ﬁri é)lfneﬁ‘xb%E ke s@fx ﬁ@s@t%ﬂeﬁgné menbrane cel |
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di scl osuhamisin@(faGord@ce with mlclmermlm crnb¢d1usnﬁsaﬁﬂmrdlsrﬂosmraret hod of securing a
menbyane cell 13_% Clgalsc ezrina%g iustidtion apﬁl%{hogn?(saec%&h 2 Membrane Geil embodi ment s
of tHe discl o strdtion o g
stackina housmg in accordance with one or more embodiments of the disclosure;
FIG. 9 is a schematic illustration of 2 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 14 is a schematic illustration of a method of securing a nenbrane cell
stack in a housing in accordance with one or nore enbodi nents of the
disclosure; FIG 15 is a schematic illustration of a nmethod of securing a
nenbrane cell 25 stack in a housing_in accordance with one or nore

enbodi nents of the disclosure; FIG 16 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 disclosure,; _FIG 17 is a schematic

i |l ustration BIG.d%shs¢hsmatip adustratiercelspaedr apigmbliceand obloglgpaspaces in
accordance .w t n r _nore enbodi MeRt f 1 ' rea. 30FIG 18 is a
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stack positioned in a housing in accordance with one or nore enbodi nents of
t he di scl osur BIG. 22 is a schematic illustration of a portion of an electrical purification

10  apparatus comprising a cell stack positioned in a housing in accordance with one or
more embodiments of the disclosure;

FIGS. 23A and 23B are schematic iltustrations of a portion of an electrical
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;



FI GS. 23A and 23B are schematic illustrations of a portion of an el ectrical
purification apparatus conprising a cell stack positioned in a housing in
accordance with one or nore enbodi nents of the disclosure; 15FIGS. 24A and
24B are schematic illustrations of a-portion of an electrical purification
apparatus conprising a first nodul ar unlt a second nodul ar unit, and a

bl ocki ng spacer positioned therebetween in accordance with one or nore
enbodi nents of the disclosure; FIG 25 is a schematic illustration of a

bl ocki ng spacBK.i3d laaémﬁédlwmom%awp&de%wmuﬂbﬁf gelbf the
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i s a schégdbswge; | | ustration of a cell stack i n accordance with one or nore
enbodi nent s of the disclosure; 25FIG .28 is a schematlc illustratjon of a
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t he | SC

nmore e nts o osure; FIG 30 is a schematic i1llustration
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di sc \OOS u(l;ﬁae, or more embodiments of the disclosure;

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 illustration 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



FIG 33 is a schematic illustration of part of an assenbled stack in

accordance with one or nore enbodi nents of the disclosure; FI G
34 is a schematic illustration of an overnol ded spacer in accordance with
to one or nore enbodi nents of the digclosure; FIG 35 is a schematic
illustration of a section view of a cell stack in accordance with one or
nore enbodi nents of the discl osure; FIG 36 is schematic illustration
of a section view of a cell stack in accordance with one or nore

enmbodi nrents of the disclosure; 15FIG 37 is a schematic illustration of a

top view of a,spacer in.accordance with on r r mbadi ts. of the

di scl osure; .Aﬂ%aé:tﬁf’eg.Of%ﬁggﬁﬁlg\%ggygl@%wg@%%%ﬁ Fe S??ﬁ%ﬁssgggﬁ%ﬁsano a detail
of a spagsifsidgd iRpEacEancaivitaliof hddeonRirkes € oodivep iesliwlosuftds dbscl osure.
FIG 38B is a cross-section of FIG 38A along line B-B. 20FIG, 39 is a
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: Spacers an ranes I n accordance with one or
mor e enbpdbtlntsitsahayt fesectned miihim; For example, the helifing #ibyibe cglisdrvatat i ¢
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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
15  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.
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



- 8 - At | east sone of the drawi ngs may depi ct nenbranes, spacers,
cell stacks, and housings in particular configurations and geonetries.
However, the disclosure is not limted to these particular configurations
and geonetries. For exanple, the houging 5 may be of any suitable geonetry
such that one or nore nenbrane cell Stacks or nodular units may be secured
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Electrodialysis (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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adj acent™Cce€l'Ts or conpartnents are typically separated by selectively

per meabl e nenfy@FBbaddBED delicesythdoCirRtGRAEpicdllyeipplied taxhs célisfedry aor
negatively charged species, but typi .calﬂl)\}/ not bat h, %I ution or depletion
conphyr t s ofveltegaandaalaciriq eurent peplied tovherplechRgesiarets H@ostiveoncent rat i on
30 conpayl E Sarddtafiiagh opﬁ%gafi@é leéﬁodgﬁt"ﬁ{e J&lﬁﬁ‘@aﬁﬂ&féﬂhs&uﬁ’@e depl eti on
conpartnents, ionic and otfer charged’species are typically drawn into
concent r@bllewivelyripanenamppl) eanlii itselfpderrddiy a vdrletieoiteeat sach ad act ri c

field, such as a DC field. Positively charged ecies are drawn toward a
cat hode, AHHTWERPIUFCE: GOF LT &efamp eof BOW Omceépeélf’sfiﬁowrso 1 ¥ingd) @ W2 et i on and

concent r gl 8NA CARRML IR §uid AR ALY AN R NerkBA B B RELKBAS Sdchr tHakew se
drawn t rd an anode of such devices, typically |ocated at the opposite

end 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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or seécuring 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 to 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



10 may be contained wthin a housing, as well as nethods of manufacture and
use thereof. Liquids or other fluids to be purified enter the purification
devi ce or apparatus and, under the influence of an electric field, are
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through fnh‘ﬁx &%@ﬁérﬂﬁﬁtseparation system or electrical purification apparatus. One

20  potential source of inefficiency may involve current that bypasses the cell pairs (pairs
of adjacent concentration and diluting 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.



I n accordance with one or nore enbodinents, the efficiency of

el ectrochem cal separation systens may be inproved. Current | oss is one

potential 15source of inefficiency. In sonme enbodi nents, such as those

i nvol ving a cross-flow design, the _pgt_ential for current | eakage may be

addressed. Current efficiency may be defined as the percentage of current

that is effective in noving ions out of the dilute streaminto the

concentrate stream Various sources of current inefficiency nay exist in an
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menbr an eens Wthin a device may facilitate reduction of current
| eakage. embodifents involvieg @ madntae sendmdidiwinios] madidypasts mpeagte t hr ough a st ack
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el ect rochiemo.ealo SEPRAEAILABNARPEES aB] thél WL Sonfut®iy dulleapdfieRn@RIAr at us my
be construct'ed and arranged such that 5 one or nore bypass paths are nore
t or t uousnerthmitinglintedimeds, la medudarginittrhay inelude g meanifold system and/or a
flow distribution system configured to promote current efficiency. In at least some
embodiments, a frame surrounding a cell stack in an electrochemical separation unit
15  may be constructed and arranged to provide a predetermined current bypass path. In
some embodiments, promoting a multi-pass flow configuration within an
electrochemical separation device may facilitate reduction of current leakage. In at
least some non-limiting embodiments, blocking membranes or spacers may be
inserted between modular units to direct dilute and/or concentrate streams into
20 multiple-pass flow configurations for improved current efficiency. In some
embodiments, current efficiency of at least about 60% may be achieved. In other
embodiments, a current efficiency of at least about 70% may be achieved. In still
other embodiments, a current efficiency of at least about 80% may be achieved. In at
least some embodiments, a current efficiency of at least about 85% may be achieved.
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 fluid 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



In at | east certain enbodi nents, an el ectrochem cal separation device or

el ectrical purification apparatus nay be constructed and arranged such that
one or nore bypass paths present higher resistance than a direct path

t hrough the cell stack. In sonme enbodj nents involving a nodul ar system

i ndi vi dual nodul ar units nmay be 10 configured to pronote current
efficiency. Moddular units may be constructed and arranged to provide a
current bypass path that will contribute to current efficiency. In
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In certain embodiments, a 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 nmenbranes within a nodular unit, to secure nenbranes within a support
structure, to secure a group of nenbranes such as a cell stack to a

housi ng, and to secure a nodular unit into a housing. The nmenbr anes,
spacers, and spacer assenblies may pﬁ3§ecured at a portion of a periphery
or edge of the nenbranes, spacers, or spacer assenblies. A portion of a 20
peri phery may be a continuous or non-continuous |ength of the nmenbrane,
spacer, or spacer assenbly. The portion of the periphery that is selected
t 0 securmemhenminfprmresecaphewnpartorens havieg a sgpopdiibid fg@wpﬁhwade a boundary
or bordqﬁ tg dhr ct f|UiﬁB&Jq§ﬂL@ a _predetermned direction. In certain
enmbodi meNtSHd elr%(fij} gf) Y 80‘5/13@ ‘I stack may conprise 25 securing a
first anion exghARO/UITETIV PAR ah@thR sbédnSitfit@flb@patxmBAbYsele@edbiraNe at a
first portion of a periphery of the first anion exchange nenbrane and the

first capiovidedr Nangé theepastionscofttee pasipherdesafithg ioasrphangprBRmMRAESng a fir st
fluid fl T . i S - d anion
exch%ngeﬁﬁfe%%%%}%edtqg oggrgﬁ?[ﬁ?lgﬁy% |h% rﬁ%ﬁ%ﬁéﬁ%%r%%ﬁ#e&g?égﬁlgg%gnd portion
of the psaohphor yxiefthé feohd fiaid Hat pah 33 rexdhadgectivardtaanengdeadreatet i r st
portion of a periphery of the second anion exchang - .15 - menbrane to
forma sbap Rerodsmsat widdsts than 36l 4n %&%ambp@}mnﬁogweﬁaﬁqiow& $i rection

differe : i |44 : i i | ow pat h
and t he Seg T e B R O e ey "o "t he
porti onspah. Irhethpemipldendds thd sached fluid e path gerymenbr a b8 abglelathear e
secured fo gn not her _ Usi the firs | uid. flo ath as .a dir.ection
runnithg {‘hsbﬁbﬁ}?%v Ralhs In gnothicre ﬂﬁll?qnhitﬁe ﬁ’(sg&}ﬂ&adv%‘?ﬂ%@ MaYPe R0 rection
of any angl Grlisabeoe. t"l‘lﬁrbeéﬁ{doﬂﬂgglbﬁ%ﬂﬁﬂﬁ? b8 Sl 686 Candlathiz@r t @i n
enbodi ments of the disclosure, the second Tluid flow path nmay run at a 90

angl e, ofluiddlgyepath mayde roaningat 207 s fonvih fluid Bew pathimay be mnneg abnbodi nent s,
t he seco fluid flow path may run at a 180 angle to the 10 first fluid
flow path. I n another enbodinent, the first fluid fl ow path may be running

in a directi OIf 4dflitidnal (B eBaRRIMEmbiadled 410 YeduaddionBy cdlestidknbiphevidd 60, and a
third fluid flow path may be running at 120. A fourth fluid flow path may

be r ihni #dglitienad compartarits, thenuid flow rRaenapse pdditiona semppEmers Ma¥d to t he
cell sta LOV] L . [ il f paths in

t hese ad@%(tthltegﬁlglle 8%%%5‘%?%@%%%3@3 1{@%@?3{%%9@%?#&3} glrllltd r“éh?[p,he first
fluid fl Dvespatnemitndimhéds, seenid fidwipath in ewhpdthie compactarehsialtemateadi ments, the

fluid flow path in _each of the conpartpents alternates bet na first
fluid f1betvser mlsshdud Qe path arlfiaisacqnﬁ(f@ibﬁf’wpaﬂbrp%%%w& m?%’éstf irst fluid
fl ow pat R, Is raﬁEB b OGP igeegi.on of 0. The
20 seconﬂuffdmj‘%vgﬁ?tf‘él\{/v&%af? ﬁ%ﬂ{pt e g%%g@%%??ﬁgﬁﬂe&ﬁ%y&yb% ?Tl}ﬁni ng in a

di r ezt i osecohd €0id fovdpathén theiseebnidl coinghaftinent pay be fumnirgan mldiredtioorpar t ment may

e Bt R K 55D B BORTRRS e b St 2
Suf :9]9 ?rc‘g%lii(ﬂ%({t]if%ﬁtdfgﬁl FRerthR Jx8ples SHfiEPAARI TdvPPath Hiih EneCfirst diddction,
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 fiuid 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  compariment 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



251 n ot her enbodi nents, the fluid flow path in each of the conpartnents
alternates sequentially between a first fluid flow path, a second fluid
flow path, and a third fluid flow path. For exanple, the first fluid flow
path in the first conpartnent may b_elér_unni ng in a direction of 0. The
second fluid flow path in the second conpartnment may be running at 30, and
the third fluid flow path in the third 30 conpartnent may be running at 90.
The fourth fluid flow path in the fourth conpartnent may be running at O.

| n anot hiarthefitso dompartmertt ey fhierrsiming i aldir¢ctian padh The segond fiydttleav f i r st

conpart nent be running in a direction of, 0. The .second, fluid flow path
in the swgbﬁbq’%%éwaﬁfﬂ@ﬁ WY YUNATSE 3566 a8 t-é[‘ﬁghlf‘ﬁ@“@ﬁ}"r"‘ag?tﬁui d flow
path in jhge A @ naARRAL AR be FARKiNRGt N DORI THe: Btrt AQid fidvepithusd the fluid flow
path in the fourth conpartnent may be running at 0 . 5In certain

enmbodi mefeugh ebmpamelitaedyommeningde0%.1 ow wi thin a conpartnent nay be
adjusted, redjstributed,.or redirected to j qr. I of the
dféx cr?gﬁglregﬁnéjd%?l}t%gﬂthe it ﬁ)suret tllllg HRY rarlgc%['n?)arf_ﬁagﬂgrﬂ

fluid with th es WThin e conpar e compart ment

may be congtinied, eslliansuted, o2 igi@cted t6 paividerdriusérecohlavi of the fwidwitihibe t he
conpartment. The conpartnment may have gbstructions, projections
pr ot r usi BAmbrane sAdecss wihiLhe comBarmant. hby compYTTREntmay0Rg sapstrysted ¢ o

redi Stri Bl B 1o @uisdibhRUARd HBS oA Bttt CPhdMdrlpalieilt SCussed
further PeIOW &1 h certain embo iments, the structions, projections,
pr ot r usi mag hivedtgeactions, fajetli@s, payrukiens, fhnagased hafflesshat rdyomworiddiast ri but or .

Each of the conpartnents in the ce|]l stack for an.ele i cal ification
appaliat usTueEye Beredishtuge fhe 5@“’ ug F%%’EPW%‘ (Y@I‘%bwg} {5‘? ‘gla%pcsgfﬁn ned
per cent aggof %&?ﬁum 8&BiIALARodincHERE 8D&rietibhd, pAdcRions, Prothlsiind contact. It

has been foun at greater nenbrane util i zation provides greater
ef fi ci enflamees,iar baffles apertatreemed to sdweflewvaedistnibalor.puri fi cati on appar at us.

Advant ages of _achi evin reat er. nenbr.ane i lizati.on may i.ncl ude | ower
ener gy consunpdd ,th%?fgm%é‘i’mlﬂgqo‘f‘gﬁ? ﬁetlﬁ%?‘:kt%ﬂ%mé%)lﬁ%tp agLPél,n}LlF%téosn passes t hrough
the appf‘r@%}&us BRI ARBCtEN Bhd drYanRE@ W flovitR agfredetdimbRidiRiddnegbodi ment s,

the 20 nmenbrane utilization that may be achieved is greater than 65% In
ot hets enfwticerersasr membranstilization for Muideontast-t i has bagp Tondotbali 8568 i s great er

e el A S FSALB Sy EIRLER gL (Pt ey
| east i npRdidatioR BERERNE. AdvinhgetBf RditsinSadaltomssbiane uiedionfmdyhe menbr anes
to one airlllgi[uf&g rléwc?rrze(rjleggg%ogsﬁl%pg[ﬂ)n?;mélpei 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



25spacer. In order to obtain a predeterm ned nmenbrane utilization,
appropriate securing techni ques and conponents may be selected in order to
achieve a reliable and secure seal that allows optinal operation of the

el ectrical purification apparatus, 2h;hout encountering | eakage within the
apparatus, while maintaining a | arge ‘'surface area of nenbrane that nmay be
used in the process. 30Sealing nmay be acconplished by any suitabl e neans
for ensuring mati ng between the nenbranes so as to provide the desired
fluid flompaidntshieinghby the hifembrasspaor memiysle, dedlingadaplhe advempstiedanes. For
exanpl e, sealing may be a l.i shed adhesives_ ther ondi ng by | aser

or ul t r d¥AMesiyes Herpal Wéﬁﬁgggfﬁ%ﬁeé?r 'HPI%WIW?]@H@’ e e?‘?ﬁqgﬁil Yc®i ng, for

exanpl e, siNg ifgh ﬁﬂ%f&ﬁ;&hﬁlé B8hE hRge A RAACRMIRARAAGGR and/ or
spacersfn%%hgg??g#ﬁcex’np es, to co%str%ct a menbr ane cerﬁ stack, 5

mul ti pl ensphcees asldesbidees larcertaorsamples,dd camstrugt ambahtiad cel stedsur ed

toget her with adhesives..applied at portions of .the periphery of the spacer
assembl i%gtlpgpﬁiécéerr?s&?‘z’hﬁg Ftcpﬁﬁ@&te@men 05@8‘?1%?“&?8 t‘g%‘g}:%ﬁ s senbl i es
secur ed J4pe8{deippliédaiGRIidHs BT eheaitRipBeny Jf iR spReG Akscafsiesbprersidy be secured
to one another at a portion of the periphery of each of the spacer

assenbl i msittonep betviedreathif theaipaesy asfemblbinp sactirpdipgcthe. Axosridn at | east two

fluid fl ow pat hs. For ex .8, I i - cured to one
bnot her DIy b b FOFRIG bt SRAHI, SRS ElbGrBPq FRGIBCRENL A 1D, OO
di r ect i OfripReyfSea0STheE SFrear dssmitlidd ay pRgide d pluiatityl éfawmpattments a second
direction. In place of adhesives, thermal bonding or chani cal

i nt el odiaving atderstivestiviaflopenatise d'or 6xpRRIG: e SpateT 5P ISHMRE 151 n some
enbodi n‘eﬁ:%&reg fio %}?Eear{%&k?eg ltoogllg(/ﬁle% AL QathaltRfen %?I% 4 RidnFepan i ack for an

el ectrical purification apparatus conprises ng conpartments. A first
conpar t niit diryioband e semedd bympatuentigvingn faxd Aawgetinrdxearres t 0 one anot her

to provide a first spac assenbl y havi.ng a first acer . di sed between
the ion €xcHamgl ﬂé??&afésré%s?vqso‘g%ﬁﬁp‘b,ng 8" perlgnica ﬁ'it‘?fﬁ"%%ﬁg Smenbr ane

may be Zlgaiﬁgykﬁ%bﬁﬁdefﬁlé%6mg£11[1ﬁéht§.XChange menbrane at a first portion of

a peri pher t he rst cation exchange nmenbrane and the first anion
exchange nenbinasometembodonérdeofihé disslosepacesthed feppiparingeicelgstack farst spacer

P bR A g ediion Yppat BmpKER 0L RIRp AR A'HS, 11 1ot anton
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 second conpartnment nmay be fornmed by securing ion exchange nenbranes 25 to
one another to provide a second spacer assenbly having a second spacer

di sposed between the ion exchange nenbranes. For exanple, a second anion
exchange nenbrane may be secured to g second cation exchange nenbrane at a
first portion of a periphery of the Second cati on exchange nenbrane and the
second ani on exchange nenbrane to provide a second spacer assenbly having a
second spacer disposed 30 between the second ani on exchange nenbrane and
the second cadithind exopartient maythednaned between the first companinent a8é Hivar t nent may

be f d b he. {i : h b
cecur ng ehi Fri sk b B AR B ARl B IR S EREE LT ot oy

posi t i ONig3gmBlyS AACIH! pdsitBinGed WREH- thé@bet@¥e I @ exbdplef the Sirstspaeer assenbly
may be secured to the second spacer assenbly at a second portjon of the 5

per i pher §ssemblyaay be seeurgd e the sesad SResT ASFHORTRE asaePndiPostionefithen of the
eri pher i | de: t ack nbl
Povi o ol RERRTCH A RO be ARG TR pohRuRirale Mol REC 250N

spacer ashseadany anion exchdnge menibrireao fprodde € staglaasserably hannhgtahpasecond

conpart nent be cqgnsfructed and arr ed to provide a direction of fluid
(T ow 1 hatispaseq PHREFR AL INFORECHESEEN FELEE otFoaH SPAET SOPTBIL | n t he t hi r d

conpar t ment.  foi, &%ﬁaﬁ}s@%orﬁ]kzﬁ-nﬁérﬂaﬂd{He%\eﬁnl&}icghga&meflﬂmgﬁﬁyart ment may be

running in a direction of a 0 axis. The low in the first conpartnent
may be rumsirngedsnd3frangeditd previke aidirettianwf fluid Aewsbatan diffeoent fmotmibat may be

angl 18 s esrigg of BOR 7 e Rt Geprpiient B Rl e Bor TR e Tirst 15
conpar t ngiy cBRpaRRehtiaY BIrunlind ifla'daetticiofaf 0°Caxis! MEnef fhudd dof i@hapat h in the

third conpartnment may be running at 60, and the fluid flow path in the
second chrspeemparineentinayihe ronming a3t andbe nid flaw én thiesogapdt h in a fourth

conpart nent e _ruynning at, 0. § er conprise
securi ngc eélgWi’a rgrgﬁ?g %tttg% R %l%asathﬁﬁg%ﬁgﬁhgggemgo )%Egccor dance
Wi t h oneafthdiangec iioRds MEOY In addthel Gainpls fenhwallosapd Al thefirsyst em or

el ectrical purification apparatus may be nodul ar. Each podul ar unit may
genetal | SOMRATERGNG ay de suriiibe 1 déikecyipl gh 00y Ereallpid dlogepath inbgitled  separati on

system %)‘ﬁiﬁ;: ik YN ' her cell pairs. In
sone enbégé I'men egl?nggbtkhe nrﬁ%g‘gdroug%dggﬁg@;%"gg%tg? rmdsﬁ (gnrd unit may depend
on the teaimpartonbatay bt reelihg pei208. Anfthip desasath in 4 foarthepampattinent mayvi ce. |t

may al so depend on_ the nunber of cell pairs that can be thermally bonded
and pot t &THRINg & Pae with an acceptable failure rate when tested for

cross-| eaks a@gﬁ REeE gg&fﬁlﬁﬁé@a& riSE bdcRifih@ the RGerBIBR BN Gak WRniRsed on

statistical analysis t he manufacturing process and can be i1 ncreased as
proc#ss housing.

In accordance with one or more embodiments, an electrochemical separation
system or electrical purification apparatus may be modular. Each modular unit may
generally function as a sub-block of an overall electrochemical separation system. A
modular unit may include any desired number of cell pairs. In some embodiments,

25  the number of cell pairs per modular unit may depend 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



30 controls inprove. In sonme non-limting enbodi nents, a nodular unit may

i ncl ude about 50 cell pairs. Mdular units may be individually assenbl ed
and quality control - 19 - tested, such as for |eakage, separation
performance and pressure drop prior_gf_being incorporated into a | arger
system In sone enbodi nents, a cell ack may be nounted in a frane as a
nmodul ar unit that can be tested i ndependently. A plurality of nodular units
can then be assenbl ed together to provide an overall intended nunber of

cel | 5 pasted such anfoeleakigep séparition lpedepuarat andh pigesyire droplpnios énkeiegrbodi nent s,

an assenb enerall i nvol v IaC|n dular nit on a
second rfﬁ‘&%/ﬂpﬁlfat%rfmom%féﬁ f’}ﬁgéen& Thivf % Fntffrﬁg ‘ieﬁogﬁac{(t?éayf S apunt d(j second
modul ar M frfine HWmbBREAtAiNthat QnARL 18] MdBpeatattiyt YA pluratag ek afodunt t s of a
desired nunber. In some enbodi ments, the assenbly or individual nodular

uni ts meynitsean werbeadsantes f@getherst@mr@wd@glseverﬁlbmtq@eépémh@ﬁ eellmul ti - pass
fl f t bl t f
o oL 4.5 05, RO o e, gt o

modul ar aphbaacdy dgeayralliiivene privii & €ty haddular byt bn atse¢omd r@(’ﬁdlﬂarrmltand cost
savings. Moydularity nmay also facilitate system nmaintenance by allow ng for

the di ag]hlé@ng a thlgfbmatiﬁﬂéhumtr enihgdirstand SPW&M%WH? A GRRFAWEIC odul ar
units. 1¥1' gpﬁﬁllahﬂiom& ulnﬂg'bf §dé§?%d'nﬂﬂbgqu ﬁib‘éﬁﬂlger@{'%ef | ow
acCl t cnem ca

dlstrlbu ste ate an electro separati on process.
| ndi vi dua:isemblghdramdmﬂuzﬂanasm&arbmts mafy|beiigkectodimio a padsswn vessthioone anot her, as

well as with, central malfold ng and ot ens, associ ated with an

over ¥ | Sheaioro oSt g@ﬁ&ﬁé@#@‘iﬁmﬁﬂ%ﬁ%@% s e iieRents be secur ed
wi thin blwgmgg%bwfeeaﬁ%/oﬁégae&& BEQvee R MR duli RFit26r WithihMdfulFRRif ol d and an
outl et mani to provi nmodul ar unit. This nodular unit may then be

secur ed wimddularaphoash mgy ﬁpmvnrmwmlu&ctlmblhtynawrm&mtf Hgre aﬁdnﬁpﬁﬁ se a bracket

assenbly or_cotne secure. dul .unj.t to t he housi ng.
A second I C{'ﬁ‘ﬁ#bpﬁw abgé’l}g%g{é? RE R WW rgﬁbg F’ jng Bﬁ %r nore
addi t i onglag Aok ldlatidRl femol@¥and r§RaditenLELing i idial RoBulbhenitoUsdin@luall N certain
enbodlnents of the 25 disclosure, a blocking spacer may be P03|t|oned

1

bet ween modular weits maydinclude oranilolding andeloss éb‘ﬁﬂpuﬁe@ ﬁmfrm%m facilijgtq o\

redi stri but.or nt_in I, nts of the cel

stack. | etE?@WWYagﬁmgﬁﬁgg %Ce%%aCIVI 18ﬁnﬁ€ q%ﬁﬁt gPperlphery of an
i on exchahgRuARBsERRh bAe ilithdedsd wat @s:\lmmwﬁenmifslﬂrngcandd)ﬂamd arranged to
interlock 30 with a first portlon of a periphery of an adjacent ion

exchangesyssay aspeciatehwelk ep Qiveral eiasppeemigal SFRASRLIQRGNPESH of a periphery of a
first spacer II‘He Eaﬁstgc% Alaf B@géﬁu@%%n 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



- 20 - constructed and arranged to interlock with a first portion of a

peri phery of an adjacent spacer. In sone enbodi nents of the

di scl osure, an electrical purification apparatus conprising a cell stack is
provided. The electrical purificatios, apparatus may 5 conprise a first
conpartment conprising ion exchange nbranes and may be constructed and
arranged to provide a direct fluid flowin a first direction between the

i on exchange nmenbranes. The el ectrical purification apparatus nay al so
conpr i secassedehahdormpged tenterlodnpithsi firgt pastoresichparpberyerflanadimserind may be
constructed and arranged to provide a direct fluid flowin a second

di recti oW?84ch of the first 10 conpartnent and the second conpartnent may
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predetermned - 21 - nmenbrane utilization, for exanple, a fluid contact of
great er VHHIUSLGPBIOPHAE seeHmgderhiqugs and eqRPqreRtSMaYRS sSleceddnaiss menbr ane,

the firsg, a%ﬂie@?a?ﬁfaﬁfe&% s@&ﬁ@%@a@ﬁm@ﬂﬂo&i‘%ﬁﬁﬁaﬁ%@graﬁéﬁ bPheClkRAge mEnbrane.
At | east one of the first conpartnent and the second conpartnent nay
conped sepwrifiqatior appardtig lwithayt deoantbting leakagespdae the apparatus, while

maintaining a large surface area of membrane that may be used in the process.

For example an electrical 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



5The direct fluid flowin the first direction and the second direction may
be selected and provided by the construction and arrangenent of the
conpartnments. Using the first direction of fluid flow as a direction
running along a 0 axis, the second dj,rection of fluid flow may run at any
angl e greater than zero degrees and 1'ess than 360. In certain enbodi nents
of the disclosure, the second direction of fluid 10fl ow may be at an angle
of 90 angle, or perpendicular, to the first direction of fluid flow 1In

ot her enheadbmrattlizatios, foeeomepleiarfbdd camadfof glraatey thandf%mefthbeufacean 80 angl e
to the fi rStfttgi rection of fluid flow _If addi.tionilimi on_exchan menbr anes

are secreaPk e firk catin exghange megnbsAR, FSSERIT G1F: Q?Mﬁaﬂ% , the

di recti qfe @fcohll Bhthn! dxeMirgR niddfisi8nc2dali [h@ DA o CARBRCERPASMERNAEhd he sane or
different fromthe first direction of 15fluid flow and the second direction

of fl ui chefdroleonpartownt man cempues mspacer, whivh noy leeca bloeking spacei-d f1 ow i n each
of the conpartnents, alternate e en.a first dir | on fluid fl ow and
a second direct Iﬁf"(’bﬁmldl _ |“(rjmftﬁ%ﬁfstt\é§?3&5)>? e S_ef?l%(?&ﬁcglfmg’{ayebgt ion of fluid
fl ow mayselddfediand proliideicdyi B8 p@isnﬂptia;h@ds&ﬁa@?anehtroeﬁtei @mpaftnfehtsi d f1 ow may
run at a 90 angle, and a third direction of fluid flowin a third

conpar t niésing theyfirsidiregtiomoDibeid flegt asgrdiggeiign running alonga 0erdsths cal

purificatl . | S I tﬁ%é CaARLSse a

housi ngastéeﬁc o@?eﬁggﬁhgﬁ%@l s%’gtgl,gl%a@ﬁa%%ﬁl ea&rqg%p%ﬁ?%ﬁéegf a pseri phery of
t he cel |thai 36de. 98 et einbodifrentsamfshadisclésure, alvesenayd diecopios iof flolded bet ween
the housing and the cell stack g provide fi rstthgﬁdul ar unit. jn the

houslthg. flow magiheab an angle pf PG rangls, prperpendicularetorthe frs dEeompl fidys ¢ he
conpart nght.s Iﬁéthéﬁ‘&u&ﬁ'i@e@%%g&sec%% hf? fon QP BIuRe ﬂ(};»t? ‘f’ha?%@ﬁﬁ B4Ry be

constructed and arrange rovi ow reversal wthin the conpartnent.
In sone wrhetismdntcioafof floal fiows.clfesiditepakion ek¢haggamkmbmnenarcskawred i cal

D PRGN 5y BER A SEh AT B2, D VL,
the ion gep Rl COMRA BRIy BY hBaY e BRdiffRtdk fdhrkha firf dik&ior éFat
provides a dilute flurd - 22 -
15 fluid flow and the second direction of fluid flow. In certain embodiments, the
direction of fluid flow in each of the compartments alternates between a first direction
of fluid flow and a second direction of fluid flow. For example, the first direction of
fluid flow may run in a direction of 0°. The second direction of fluid flow may run at
a 90° angle, and a third direction of fluid flow in a third compartment may run at a
20 direction of 0°.
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



flowin a first direction. Each of the ion concentrating conpartnents nmay
have an inlet and an outlet that provides a concentrated fluid flowin a
second direction that is different fromthe first direction. A spacer may
be positioned in the cell stack. Theyspacer nay provide structure to and
define the conpartnents and, in certain 5 exanples, may assist in directing
fluid flow through the conpartnent. The spacer nay be a bl ocki ng spacer

whi ch may be constructed and arrange to redirect at |east one of fluid flow
and el ecllow i fiesh diregiion: Aiasly ghthe fren eancpntsatingleompart@pris mpyd@ve fhe bl ocki ng
spacer Iy I [ - I Gl I i:n the

el ectri gget %ﬁ??ﬂfﬁlggeﬁ f@?\ﬁﬁégggfﬁgtcﬁlg&n%ﬁ%g @%Hn%&gh%%g?gﬁé%@srggﬁnﬁﬁ%t lgi scl osure,
an el ectdiffesit fromi the Gast HpectRppay sfavs sy Iy posititedd inthe cajppacliat Tise may
conprise a cell stack conpri si ncg tegnati ng ion di]uti n%, conpartnments and
i on conc¥RETMPRFOEGRpHretReAe and gefus the CQMRATIRFNIHR% N $5B onpar t nent s may

be canst : i I L i di rection.
an {)ﬁ%‘fpﬁ*& ARY 2 i A0SR ke rRIPHLY ?hr@u%ﬂ *#% %o{?g%nbﬁt arfid sgyg&ear

Each of I on concentrating- conpart nent construct nd
15ar r angmdy boa ptaskingspacef hidh thayole constuctet ambardinge ¢ fedivetthagteats di f f er ent

fromthe first .direction. The electrical, purjficatjon a ratus may al so
conpri se”® (Tfﬁ‘%‘?hgﬁvé‘&fi P%&Elc '%Eh{l“%%ftb‘ggetd Wﬁi" é’%@c‘ﬁﬁcr‘l’g%%n&'ﬁbr ane at a
first englogfing Bicelhhy fldasdoer pFoétntelasieAtutRChETRRNEK; aC@BkIedrrRaCONd i 0N
exchange menbrane at a second end of the cell stack. Each of the first ion

exchangepuriigetiemapparadus. he second i on exchange menbrane 20 may be an anion
exchaghge ne ane or .a.cation.exchange nenhrane. Fag xanpl e he first ion
exchihge mensrange s gt g g fRE0 s i ahgfc il Brdaeend | on
exchangepro®idsd. alie Apparddes Raf drhpriscaxeangt coripbsapalterhigngippar at us nmay

further conprise a blocking spacer positioned in the cell stack and
const r uctiBHing sgmpprtmas and Prrcogpedigting eompatnendh eEaph of thy lopddutingi d 1 ow

q . Coll ficati
appar at Lo it beedrit e ad Bl o PR R E RO E 2 et o
and t he diewdon Bhdodfithelipn chacahitating s@tpatmants mhhbe bbxadacted aspacer may be

constructed and arranged, reduce el ectrical current inefficjencies in the
el ect¥ i cHranged f% IPTE&I?‘F aﬁh%é)ﬁawa@ ggecond directionythat is different from thg it e

el ectri cglechdh. fl“hf@E&ﬁ@al%ﬁﬁ%&ﬁdﬁp@ﬁ%&t&%@“ﬁé&é&ﬂpﬁé& afirgIQR4aENg Wi th at

| east a portion of a periphery of e cell” stack secured to the housing. A
frame meadjdrenpaosiitst onedclmageeemitrde dhodsstrgd afh thetdeB stk andtasseorido pr ovi de
first

- 23 - dul ar unit,.in the housipg. A secon dul ar it may al so
be' secur S RERCTRG TSy eRRop D RPRGS Bag SEonbsRar ue el B 1 oned
bet ween 4@ JfithShirstRAKBRang® fenfiisheldAg (REERBAH R ERIgH Mcnbrahel | OW
redi stributor may be present in one or nore of the conmpartnents of the cell

stack! Amay bagr awine cxhanpemembyae e sattomenechigesnenbrene. ukberetample. ar r anged

to provige Slow reversal within the compartnent. A hracket,assenbly may be
st ont sttt e et R b o SRR ke plentrAE Ba B80T o
nmodul ar  ¢8abid RAGxEENEE eléhfbriddan ik dtionrtixbhadiol Mebriie. NdiesipParatus I n
certain enbodi ments of the disclosure, a portion of the periphery of the

i on exch@ay&uherbeapiéss ahlogkieg spaeraositioned Hethe e¢ll staekagnd Gomgtriséed r eat ed or
coat ed V\élﬂchanaanged 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



10 material so as to provide an enhanced, secure bond with the securing

mat eri al, such as an adhesive, and the conponents of the cell stack. A seal
band nmay be provided on the spacers, nenbranes, or both to provide a
continuous surface upon which adhesise nmay be applled to join ion exchange
menbr anes, such as ani on and cati on ‘éxchange nenbranes. The seal band may
al so provide support to the periphery of the 15 nenbrane. The seal band nmay
prevent or mitigate adhesive wet-through or w cking of the adhesive,

t her eby mbtigiai wgt nnab@h@,umsw@ecgg@moﬂnhar sritmey alyo bR seapebwibindb®l menbr anes

toget her ?%ﬁ%aii@%‘%gg géascgla I'Sso bg BDlifid Ilbe'dtb%H’E'e%r’l%eeﬁltS hofRaPLANe

utilizat &roe e|n aln exanpl es, the

seal banghd@y sendgRduRE uhie. Nm)vﬁfbﬂ(:sﬁﬁbd&)i‘ may i&cpriessnt Db dgnore ofipr essi on
nmol di ng, coatin or the 20lik 1 shows a spacer assenbly 10

that confheicemparmentsal @lﬁ@ﬁ}éﬁ@@k naé‘h{ga%,qge Qf)@le CopRERmenio Fayhid ani on exchange
o |1 f
Menbrane Ofgé*ucftgcp%é ap é)oplhr_}{ll\ﬁ@ ) %ﬁué@g%gglgﬁ@ggﬁr A BBY¥kal | ow for

adhes] ve© e menbranes nmay al ong two opposite

edges byas@dhblslm@sbmoshmnbdhbeﬂmkn e ddimegridebhhowgirestp prond2&ippwdingl e, | aser,
vi bration, or_ ultrasonic weldj A w de a&ﬁ. % adhesi ves can be used for
t he nenbthgsmeodyianand aaddo seqame ‘%@d‘é‘ﬁ‘b‘%}l@é’“ the BeuSHi®ati ¢, cycl oal | phatic

and aromati ¢ BPRGinGHIHAMAIEHHE he ﬁﬁ@llob'lﬂlﬁtzhﬁd}ﬁ§n oﬁﬁle‘fkh#he@? oflﬁh%%ﬂ bed in
nmore detail below. Vhen adhesive I's being applied to g line of the

menbr aneexvhhge rh¢embrayeste thespatérs imtheicell staek mdin bs inpated ehmaﬁ%i \pﬂﬂl farily on

t he predeter. ned lue.lin 0 visco t 00 eS|ve may
run madsT Hfot"f‘f% i q.r]\garrcieﬁ,esecpp f’ﬂ%“ﬁ&ﬁ%’%f’e\%ﬂ% 2181(?% ? 75"t 0o hi gh,
spreadi ng, 5&1‘1%51@9 Q@lﬁ e omonBRS 8fe @kl kiagl! A-scal-badd nray be provdiéd é&he spacer is
a screen, it may be encapsulated within the adhesive which al so bonds the

two adj athespacersymenbeanes, or both tpprvide & peniaueyaRElacRUREINGh adhesifpr i si ng

cation exch rane 200 rane 202.
Spacer ZWQYEQEQ?gﬁ “%%PF”chﬂgg%ﬁéﬁﬁé%%b&%ﬁgﬁgﬁ 8Bn %ng%%gﬁﬂggghange
menbr anem2RBrand§ ATeEeaiRiid eayt e frooide cappoar toinperiphdryasthixnce mi xi ng and
mass transfer as the liquid streamflows fromjnlet si de 208, go outl et side

210. 15| Gne@beagnd he ﬁeraébarwaéﬁéprea%éwmlygaéea@}?al@é%ﬁ@% eVicktenbl y 32,

separ at r I r by
adhe5|végﬁg%@ﬁ%%ﬁgth %aﬂ gwgﬁ%aﬁ§§§ S&fﬁﬁégﬁgﬂgﬂg?ﬂggggggfpend|cuIar to
t he edge@e@bf&ﬁaﬂwgs@aﬂ €Thd sealt bandasae aisb icestribBedc greaBDMesatmaiwi ched bet ween

the two assenbljes defines a flow chapnel for a secon str that is
per pendi &lizaHon passl pa iess anhas ermedtst aﬁsﬁeﬁﬁm"ﬁ@lpf% B§F ?ﬁf@q

assenbl i £5, %8 fAWRpdYr by fj@dibR Wiolding, 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.



The resulting nmenbrane cell stack when conpressed is shown in FIG 4. As 15
shown, the first spacer assenbly 40 and the second spacer assenbly 42 are
secured to one another, having spacer 404 positioned between the two spacer
assenblies. The flow path through eagh of the spacer assenblies 40 and 42
may go in a first direction, while t'he flow path through the conpart nent
defi ned between the two spacer assenblies may go in a second direction, as
indicated by the arrows in FIG 4. 20The fluid flowin the first direction
may be a di | ulfitegspstarénmseresh, itteay bagngapsubnied withinghsadhesisie siidbalsoon may be

a concentgprnﬁtaitn stream In !gertai n enbodi nents, the fluid flowin the first
directio PO AGRGER RPN concentrating streamand the fluid flowin
the second di FRE DI BOwEEYackCassQAME0eBnipsisidp GhticH E:REasderRe@bahe D00, he use of
polarity reversal where the applied electrical field is reversed thus

rever si ngpaet@026a1draninn dxghengearembrane 202\ $rapey 204 SpRAseles gX0BnD| i es separ at ed
o anco LRl SRR R 26l QS b n® 0L nfhue QelindBh o 07 2

menbrane puri I on” apparatus of the
present flbw choputBentayd khlidnie micorpnd sasairiiehsian thetlhpid eraholess t he cel |
stack. At least a gorti on of the periphery of 30 the cell stack may be

secured ff@ntiﬁlé“ﬁé‘ﬁ 089, oublet sidgdl&br  support structure may be positioned
bel ween the NAKELHo RN UFacePhlse MR dnd BUMIsHR-RUMMib A, suppart 1o the

- 25 - cell stack. may al $o conprise Inlet manifolds and outl et
mani f ol dsephiated bl dpacer 804, Thotwodssbmbligstre horaded togetheo by alleesoes BO0&t ack. The

frame and th el |l stack together nmay pravide electrical purification
appatiat u@’Pﬁ’Fﬁ‘g G\C"gg tip P qlﬁélgﬁsi hetqre Eépelb(ﬁfliﬂ?’i t(cﬁ{;? %‘i’geéﬁ%ﬁgtsﬁ@e further
conpr i segpg aﬁs%ﬁ@)ﬁgs. Nkl A043hEwR 8BS b e hBitRo bikenDIiBOsTIRY  fdwspacer, for
exanpl e, a bl ocking 'spacer, may be positioned between the first nodul ar

uni t andchahacldecosatondsitdaar thanis perpandiculgr inglivetiompdherpipeans y¥ingi oned at an

end of the first nodul ar..unit_.that i.s opposite an end in comunication with
t he seco‘rt?ﬁo‘i'gbd Bye ?fﬁ?lﬁl.’heﬂ’ %%%’8?4’8%@%?&%@% may be positioned at an end of
the second nogkd Rkultifg nehibdine 211QRRR WHef caMpRA/SEdi i siemimarFIGat @ with the
first nmodular unit. 10A bracket assenbly nay be positioned between the

franmt anthowmethedust spacesrssembly 40 and thegedoad spaser assemblyd2csn geqwsdPar uni t |
o o0 RgGE S s SHEA IR RS SO skt R Ui 5, and
flow path through each of the spacer assemblies 40 and 4.2 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



I n one enbodi nent of the disclosure, the electrical purification apparatus
may 15be assenbl ed by positioning a nenbrane cell stack into a housing or
vessel . Endpl ates may be provided at each end of the cell stack. Adhesive
may be applied to seal at |east a pgi§jon of the periphery of the cel
stack to the inside wall of the housing. FIG 5 shows one enbodi nent of
cell stack 516 is enclosed by housing 518. 20 Endpl ates 512 are drawn
together with tie-bars 514. Tie-bars 514 are isolated fromthe fluid
streans dol stewk- bt dfainieanay dsvemnprivennlat meniglils andepilst werifgddothehy be

i nserted, pet the.ce|ll stac 6 ndpl ate 512 nd if
endpl at eaéggvltgggl:g@v %ﬁlqélf ’inca.nd@HE%jis%E l%‘gﬁ]%ﬁg(‘ gﬁtbeg%arr{lé?rhdet%é Icglgg I'Jlg“(:)lges and

i sol at e hp&héd iy froFide @aREeciri@mpirifecat o6 phitirGs mbielacids Tie didweritdl e- bar
sl eeves are_ seal ed agai nst endbl ocks 520 by 0- 25 rings. Alternatively,

endpl at ePBEBatieyapraraveymax fusther eomprisg asesapbmaddardpiiicsrd paln &n not be

necessary. h I p.E , . bolts or
t hr e353e Oru(%@lis%?gp%g’ ﬁ"ﬁt“’;s‘%%@%z 4 ﬁlisagks)lhg\tfsﬁa%?ﬁ ?—%@X@é}a ﬁlg n d%?%?vg% %‘éo may be
at t achedfiBymblalagest &4%he Ascoal wdulan uhit.GA st dedipldatey bé20sitieyeds at t ached

by clanps 728, such as by Victaulic(r) type.clanps. 30ln sg enbodi nment s
of the dsedgdihelirst medpippungihal roppatte3gead &yc GGHEIR BYsi ng. 1 n sone

other entRhdRBlisiaPinit. N8 sciohdlRRHLE mhiiBe BRARbAES 2BYI bANS Sched - 26 -

in the housing by segnented or snhap rihgs'inserted into grooves at the ends
of the hmodilagunifihet isndpdsiit@s cndiyn adnsmuireativonsdithl thedirstmeoddarginglg by
adhesi ves. netal | i c endpl at be fﬂqg:fjr cat e | e, by

machtthi ng or ‘éa’fg?‘iﬁﬁb‘.‘ss g edrquspfgngrﬁggiwggk aérﬁﬂ%ﬂlf%ﬁwgg

fabri cat g firdiQhodt@ TRl iSthe RYcolB HAUIRM AR Gnf, ctHode KTIRS bridi@s hdsémBly My | nj ection
nol di ng. Once the stack is positioned in the housing and the

endbl ocksrowitdphppattoghemedelar wits: and provide del migcugdtiadinet fmthebe applied to
seal the _stack to the housing and to isolate the inlet and outlet manifolds
for the W™ reans from each other. The housing is first oriented with the

| ongi t udi nal  BXérfe dMedodzAEH BF the disclosure, the electrical purification apparatus may

15 be assembled by positioning a membrane cell stack into a housing or vessel.

Endplates may be provided at each end of the cell stack. Adhesive may be applied to
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-metailic 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



10As discussed in further detail bel ow, adhesive properties for securing
the nmenbrane stack within the housing nay be different fromthe adhesive
properties for securing nmenbranes to one another to forma cell stack. For
securing a nmenbrane stack in a hOUSLﬂQ; t he adhesive viscosity nmust be | ow.
The acceptable viscosity could be achi eved by adding reactive diluents into
the m xed adhesive. The primary 15function of a diluent is to reduce its
viscosity to either make it easier to conmpound, or to inprove application
proper t i iaghe hewsine by ssemshied ongsapaings inpsrip gronves # teeetiideof B a sui tabl e
adhesive_ in.th [ |l Ows ter penet ' i -porous substrate and
al l ows f oSS tafithﬁgek%i?latﬁg*ﬁaﬁggsﬁ’g%&ﬁ&?&ﬁe@%‘%‘%’gﬁ{ RS0 d be diglyci dyl
et her, di gl ycAdyétalpbendlatd ingdyytei felyticatdd) for eamlplef bemachiddgloe casinpr ane cel |'s
fl ow conmpartnents may be about 0.33 mmto 0.46. mmthick and, in certain
exanpl esA noRangallic ¢agblaek of andplaieemay be fabripaled dor Slample hymachiings? ve) used

to secur O%lpgfﬁggt{c&t#gq&@e&%ntlg diusi ng shoul d be nmore rigid than the side
0

seam use 0 secure ranes ne another; this nmay be because the pot
must have enoOgée the chakisqaksit®hedimght howsing drishe aaitidoksiendgites e a nenbr ane

stack. In 25 certain enbodi nents, it y. be desirable if the pot did not
e or m (RaERfS bty ISREFRBENTH 19a) be apPIeia S 0 Srt?gfltéit%ﬂﬁl}oé‘?m&ap@m ed with

the | ongisdli fatn1éead obiéd rBRffols fol HEiw8 sBBANSHOMatesdiad Phe appl yi ng
adhesive 806 to secure cell stack 816 within housing 818. Housing 818 may

be r ot atlwisig it histt odiepged iMithéhe/loofitedndl axisdokizédtal. in this 30 enbodi nent,
corner 830, i t the,battom i scosity adhesive 806 is.injected into
housithg 815 akd CKEYSRLR EEEROTLRe R BEuT R OPT b Y FOREmBA b ey be

pl aced tRafbrame $thck w&amb@eumggﬂlaﬁ b@@[ﬂfd?&ﬂ%bn@fhe_ca@hésiﬁélﬁﬁ?erﬁéﬁfory\hl ch can
be incorporated into housing 818 to facilitate_injection of adhesive 806

i nt o housscwgngmembeanee il ongenadestogomgfcel slack.s Felciecwing a Bepdicng 818.

After a.dggcsl{ iyl,féhhg)%%(glg ethg adltﬁ%lle{!%; ciﬁ%oglgy{gmgﬁ%quw.r %@E@c%g%ﬁl{e&@ééoki he next

corner is a tom esi‘'ve process is re unti1 1 all

Sdesi r edequéd bphahidved bofaddiak lreftiae Hilkhts inavibe hdeal sihalied Tk ppieeayed. Surface
preparation_to inprove the sealing of the housing to the stack periphery
may Fncl iaetieedmdipeatisinmduggiis wisegsitpio gitier gipke #@S18h SORMEBL Tt he
surface ar; Y o IO = ggf\gg), ntaﬁﬁ surface

pr epar att?)olﬁl%r{r&a\% a?@%ﬁﬁ@%éﬁéﬁsb%owggi@ﬁ%ﬁﬁx ﬁe ec{nﬁjloca , Ilor t her mal

sur face mhépangd suitableadtesianinithatii dlevstgrextaqfendtrtoniaty a puebusde 10 cheni cal
et ching s?urbstrgeliat(e: Qﬁlgl Llﬁt?vlvs 0(1?u Ptin%gdf n]:)g-rposc;(u%rgmfgées. 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



The housing may be fabricated, by extrusion, for exanple, to provide a
geonetry that assists in securing the cell stack to the housing. For
exanpl e, one or nore troughs nmay be produced in the housing so that the
adhesive may be contained in a defingd area to receive a periphery of the
cell stack. As shown in FIG 9, housing 15918 is provided that has
scal | oped troughs 932 to provide a reservoir for adhesive 906 to be placed.
I n anot her enbodi ment of the disclosure, a nethod of applying adhesive is
provi dedecditrade wishppesplery bbodlystackt &6 whichtsan he insiormyrated Btehelsigct i on whil e

a controlled quanti.ty of si.veqds. i nj ected,i he h ' The
adhesi ve ]fdog%ﬂﬁa%df}%gﬁl?}l ‘?ﬁdag&‘gSIY%%@&?%%uglqgghv%g {’ Q%at(lj Fﬁlinelcagt\%bg g F%%
successi gkt dlieio lh@lYﬁﬁ%S tdhal AgRYdIRSve 806 EQE Modsing 3l 8 hiaf Beasaieddop nsi de wal |
of the housing. The thickness of the ring can be |ncreasedbql further
dlsc

addi t i onums#l theckes career is at the bottema dbe héhesewripsetieseistrepsatedmtl | osure a

t hod | yi ng .adhesj,ve | ided t ' ' tating th
nous o deTERStREE fiom harnck 31858Y S8R tf otREh STbabdiatuletl e’ 0° 11
i nj ect edioliffpfovieliBe fALSE BOth8thoGsRy & theBlaek P&ipHesy may erchdieasdhvuory be forced

agai nst the inside wall of the housing by centrifugal force and may forns a
seal ri nigatmay disgwt the surface and inpreassihosirine aisa be entipacirdbesizeur e t hat

provi de h LS} i i : i N,10 j tion while
o ect | g oy SR hE s iR o s pC RN GE 02 Sloun
in FI G d6ctrical, @8hermal surfack prepactiofs angdrdoarhinaeiohs dikrdofieThis selyasends an

el ectrical purification apparat us,ma¥ be aslngnbl ed by sealing a portion of
the HerigKwatcal sichingor mpgchariea] suEling IHF¥EEPe with the use of a nold. The

5 T 095 L o L

endpl ates at eac Adhesi ve may n be Sapplied to
seal a pggonphgriiatabsisthin seltingthackll sack tethe heugeg. Wedrlexamplehendh@usi ng.

As shown in FI 11, .a peri pher f a cell stac in thi,s exanmpl.e, corner
1930 of AT tigke ek BegTopage B RowThicep ik B AGIE B DA B scost (y
adhesi veiy L1 5B %rd G0 RRENED PelipRery Rk thekbB4tarR 0 ARIshOWE th F1G. 9¢houstipe Stack is
then rotated to seal other portions of the periphery as shown in FIG 12,

wher & n athisproadaDiba lias sedtloped troughs &32 o provivdsra resgooinfor adhgsiverWk 1216. 1 n
certain Eﬁ%ﬁﬁ&%ﬁ’ the nold is fabricated

In another embodiment 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.



froma material that the adhesive may not adhere to. As shown in FIG
13, cell stack 1316 with all four corners sealed is inserted into housing
1318 with gap 1338 between the adhesive 1306 and inner wall 1336 of housing
1318. Gap 1338 is filled wth additignal adhesives to seal cell stack 1316
to is housing 1318 and prevent cross-1|eak between the flow manifol ds.

I n anot her enbodinent illustrated in FIG 14, nenbrane cell stack 1416 with
bracket assenbly or corner supports 1440 which nay be fabricated by
extrusion or lnrnetes @mbfvﬁbméilff@}}hﬁf disclesuensneleciical puaiication aPRAHHES f or potti ng

and sealing.the c r.S_Qf [ 1,: - 1440 d
S0 oA PRI SR Se ik B bEer DEE e ShopuRRaBhaia40 (and
in FI G wbh théaisbefls nidkdt Thegelheacdkses) beoinsedristotaimusingnexl therpports to the

shell include plastic joining technjques such as u|trasonic welding. Shell
1542 (arfPmuBasyd pathiepdplaien al sreh prdat thacell fatksi A efaffen%’stﬁ%é%m in FIG 16,

thus ! 1iHed [dat Ml danpal LA BiRCHHsRE MRl ¥ Lo the outer

housi'ng. y or corner support nmay al so be used to secure a
25 nodul ar uni$ showmintGs i ha periphery of a cel staglk.rin énib exiinmpetcormet 115k

di scl osure, .an el rical .purifi.catiqn aratus.is.proyided t reduces
or pr eve?ﬁ@niSWé]FfIﬁéé‘?f’éf%ﬁ?eé@é!‘?tf)%‘ﬁf Hﬁg‘%i‘é‘f’é’ fscgﬁlg’cat%#%ﬁff lé)dgﬁer

consunpt L,onhe IGe@ RS ol E 8 3404 Ao GRE kP 8kt APRAEREIVS tRdn fobfedbasaNt

di scl osure may provide for a multiple pass flow configuration to reduce or

prevent aherpentioB®fitwefdripberyrasiseewn ThEI(mIRt whereingpalbesive bi6cie Altdvgur at i on nay
reduce the ass current . - .29 - through the. fl Lt , or |eakage
of cthreé te,aa% raﬁfri]%éﬂé??':ﬂgaﬁ?l( ]rze%ué?ﬁ%rt%“ﬁg ngscfheclﬁ&flgg?db%gl%t gbet ween t he
anode anglohhensistifIane 18 adRsivehRgtnot §derdiar i fi cation apparatus. As shown in
FIG 17, electrical purification apgar atus 50 is provided conprjsing

cat hode 1744 Amshawoad 16743, cci spckilal ¢ vithall fapn e ?fﬁ'bedéﬁﬂﬁﬁ“@(change 5
e e R W ) R
conpar t neRistagli3®8. &af 1338 is filled with additional adhesives to seal cell stack 1316 to
15  housing 1318 and prevent cross-leak between the flow manifolds.
In another embodiment illustrated in FIG. 14, membrane cell stack 1416 with
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.

Tn 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



ion concentrating conpartnents 1754. Bl ocki ng spacer 1756 nmay be positioned
within one or nore of ion diluting conpartnents 1752 and ion concentrating
conpartments 1754 to redirect fluid flow and current flow through

el ectrical 10 purification apparatus gi'50, as shown by the arrows in FIG 17.
FIG 18 shows an exanple of a spacer“that may be used as a bl ocki ng spacer
in an electrical purification apparatus. The spacer nay conpri se screen
portion 1858, solid portion 1860, and sealing band 1862. Seal i ng band 1862
may be btdm:dgﬂtha)ﬂmhmmijohisemlemmpﬁmse@;byaedﬁhés&ting@r reduciigotd in FIG  19.

The seal i.ng bands 15 | rov sea s_and spacer
by provi‘i‘m‘?‘%{;‘"é{'“fnlta? iﬁ?‘*f%?eé Bé‘ﬂ e }Hoﬁgtggﬁ’f’mfeﬁ{}&ngpw"gffacéﬁo? he spgcer
may be f%&a@@t%mwhnh@%lpmem&mmnﬂm&&ﬁ ipaghiud $05K PRbvigRNpr essi on, or
rapi d prototyping. acer nmay be of sufficient thi ckness SO

t hat t hecosapremg qydrqdr:dﬁ%agd em@dmi V@gdA ptmhwmf@l@fpa@%ngﬂy%éthaﬁ@er t han

h f I h 20, f h
bl ock: ngREBRBART Ko Ryt ek A ke Lo HAd: BRRRARA AR 0T G

resul ti ngnhd dhode W@l@rpr@h&@h EéréRlof hRérhSﬂirﬁgl@ﬁ dﬂlau@compartmeexmmptmbl e since

t he nunber of bl ocking spacers is |im edge, of the spacer at

the sol mnﬁ@mqngﬁtmmonmw kg arﬁiO@%ﬂ %C%fd7§ﬁ@ﬁyﬂ%e|ﬁ?é“\ﬂ/a¢ of a

housi ng. Vi ly rigid to

25w t hst an %g%gﬁé)ggﬁfrléggﬂ%lﬁ H]ﬁ‘ o%%%atn\t)i\gmgl JIEI% itrill?uctur al features
such as ¢dniysartimentsdEy Sddoleddiitect flié flood dnd qerehi foow tivongiceleasenlt he stiffness of

the materi shown in FIG 19, fir spacer assenbly 1964 and
secoHd s%&l&atl%éwtk}s 3% @8 shevan by Higiagows lﬁﬁ)%k]i ng spacer 1956 is

posi tioned DEEMRAR shbkshn SRAGAL oP2 SR tharHRAHARGIISAUNLIRRAGALerasSerbl y

1966. 30FI G 20 shows an I ment” of an eI ectrical purification apparatus
of the pmesebctiiad phmSeation eppayatusi e spacéneay panprisesossn pousign 1858,

2015, " B BOOMED R0l Sisatnebind e e et fsbe mar P Lbsl GG (o "

redirecty, é&m ﬂtemia{zmwbﬁmlegueg Q8 khoViAt 11 FIG. he. ahesdatiagdibahdsshay devi ce, as
shown with the arrows in FIG 20. In another enbodi ment, a portion of the

per i pherimmpbva e seading bstveask megyabranes and spacer by providing a flat surface for

bonding. In certain examples, the spacer may be fabricated by injection molding,

machining, thermal compression, or rapid prototyping.
A molded spacer may be of sufficient 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



S5peri phery of the blocking spacers are secured with adhesive to the inside

surface of the housing. As shown in FIG 21, blocking spacer 2156 is

provide with circular rim 2168 which forns a trough for adhesive 2106 when

spacer 2156 is inserted into a housjﬂ?; The device may then be assenbl ed as
shown in FIG 22 by inserting a plurality of cell 10 pairs 2216 and

bl ocki ng spacer 2256 or spacers into housing 2218 and then conpressing this
assenbly with endpl ates and/or endbl ocks at both ends. Adhesive 2206 may be
appl i ed mwc%)smw&lcyreﬂowwupbwmrtgﬂliﬁ tHeckpeg $p@h@ﬁ 908? arglpesisioregk by potting.

Housi ng 2 en ed axj s ve a ho n FlG 23A,
with ri n‘éfﬁﬁj§§§ﬁt3éih§30f6:)€°rrg é‘?cv égli"il/%n Algreg nthe %Fér %éﬂs adhesi ve
2306 is d&aaRphd %“&qwﬁmetaﬁgu@hspf@rmd by rins 2368 on bl ocki ng spacers
2356 to seal the spacers to housing 2318. The adheS|ve can be injected

t hr ough smal |Intambtél§r embedinigat; ép@ﬂlmﬁﬁlﬂwrxpﬁﬁwﬁﬁm Séaféfmnatae and/ or

endbl OC::I%erl e %lgckln aceIISQLreCsee Ex%d%ﬂ{?@gé% Jf‘

conpone PAEIR as AV askR &8 d, use p05| |oned ar ound
t he bl ocgki hguspacer to assi st |n cont ai ning the 201 i qU| d adhesi ve used to
secure the spacer to the housing. In this enbodj nmen adh f once it
has cured, nefs E}@ i r%r@o‘é@%ﬂ spapeT 2ARBEHEPVIdREEHR %@H g dd| tional
conpone MesSeal

bet vveenn‘%v i%HCE cki ng sgglg&eqhgélﬁgzmégh ﬁn?%gg%oﬁgg@dﬁggw%g% | ocat ed

at a porThe:mlevmde mdn;ethpmbe pisempledfas shewe &l FI(EQacbly inwytiigen pluedity sbeellFl G 22) .
Thi s may 25 ul ar ssenbl red | elimnating the
need!% o @é‘& ‘{liglr?lcn]g‘f‘gtgl’n@ef) #&‘?rﬁﬁa“sﬂﬁ% PBHS H%ﬂ@? with an adhesive
materi al compressmgI HisHQIHRY ?lﬁﬁe@tandféﬁ @&iﬁ%cﬂé 2aCRth eRB rﬁﬁih‘é&ﬁ/é" dilute and
concentrate conpartnents 1n single pass flow configurations are first

seal ed i2206auay bnapplitd sydcessitrelyctmia protien ﬂ@%lemﬂlﬁhﬁrﬁpfr@él&taak byipottng. The units
oy Lhen be | RS SORELIEh Rt 0PRSS RBERS S BEE [0 (o
st acks nRith BignsSBBR @6hdlyqo tILIVRQAUBESDE:. YRELdHomSn lHGﬁgSB,-aaﬂesive 2306 is
15 applied to the troughs formed by rims 2368 on blocking spacers 2356 to seal the
spacers to housing 2318. The 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



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 bet ween the nodul ar units and seal ed
bet ween the ends. FIG 24A shows exanple, a first nodular unit 2470
and second nodul ar 5 unit 2472 mnthqﬁianges 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
nmodul ar adhiesivédatQy aralpartcn nfithepduplary.snch aihs 2ommass. Héﬂ@@@&ﬂ@d together. In

certain exa l.es, flanges 2474 fi.rst uni t . 2470 .a econd
rodul ar ST 94 7ot Hxg 5 i Treo R el Bietion Bl whOHS B er

enbodi Mepdsiifned bBivRek RN SRASAMItE and Meﬂode@@ébnnﬁééﬂdén 2558, sol i d portion
2560, and seal i ng band 2562. The bl ocki spacer may be nol ded with

circul ar franBl® 316 Sthhms, fpsewmlm fiyst an gyt 34I7Qr§‘§@§ec\ﬂpflﬁ10éﬂélh’é5| ves or

gaske r stic materi al
SO thS[at %‘ﬁté@r ﬁ%t & tg? %n&% d?]agoges %ﬁgceﬁ)éil% \5&% ({HP%B s for

fa?rl cat bmzléﬂ qgmmg%?afﬁgtnﬁoamaﬂdmﬁal 4116a1a@amna nicdutanasie 24%1 ddeed in the
art. ternatively, the nodular units can be copnected together with
cl anps, sacaredde enomnashcie Flanges #47A T disst mradiylps amit PAZ0 a%£$e§ﬂn<§m0€ bl ocki ng
spacer g d uring

T ahn Lt T R O b e D e er g &
cel | st apit 247020 dpeeoaddestiulak uhnit2472 apgderboiisd ergbthyr.may be prepared by

securing a fir io exchange rane to, a second jon exch nmb t

a 111t portlgfé P pRRbeuiamp T of & BIOEKRESOHET B IEs e HFGt ton
h

exc ange gﬂsmﬁé;&? ég)e?ﬁﬁéanﬁ’%\bﬁ{a B0 ang 8RN BAR: nlahDeRBSIENEr Y May

be folde spacer may be provided between the first
i on exc hmtg e1rquiaﬂ:ﬂfrane2&7ﬁjthahe sedabriwearthe )ﬂ@h@sg@tmﬁihn@m errgaskets.second

Shacer aLEneNPEY BEnEfPORuToard it ¢ Rlormionestf i 8 e ShebilBs bhacer
assenbl y%a%ﬁetfs Rat ndt RBccRfifly.f Ol nRthddh CorsasadEink BlbcRIng RpaR@es WENkY ane are

secured to the end folds of an ion exchange nenbrane of the second spacer
asseil yappam@tmnr@omkd@dnayhetmn be col |l apsed, and a spacer may be

positi oned be t | i C nblies are
conpr essed, %ﬁ% PWQ&@Q 1%?'2%11 e mé cog%e\?lte@% éécﬁﬁerzﬁﬁ cﬁ%‘rgfj? ?gw stream
bet ween bdte oﬁ@lﬁ@ﬁd’ec@ﬁﬁgﬁ@ﬂhﬂl@&sl Tha démgxecf the bladkfngepart 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



- 32 - than the fluid flow streamw thin each of the first spacer assenbly
and the second spacer assenbly. As shown in FIG 26, a first spacer
assenbly may be prepared by securing first ani on exchange nenbrane 2602 to
first cation exchange nenbrane 260Qg?y a first 5portion of the periphery.
In this exanple, the first portion t he periphery is secured by thernal
bond 2678. At a second portion of the first anion exchange nenbrane and the
first cation exchange nenbrane, the periphery may be folded to provide end
fol ds 268 thSimikflo®60damsyithivecash of tedistpnom assehibly andithe seroastchange
menbrane 2602 and.first cation exchange nenbrane 2600. 10A second spacer
assenbl PR 28 %pared similarly. As shown in FIG 27, end folds 2780 of

the first spageshoRasamGy24myibepatd anRehbNshaiBy pRipardddy sebrheest f ol ds
2784 of the second spacer asserrblpy o) thgﬁnt hgﬁerligéﬁfaol 3}2 of the first

cation esuidremgbangemherabrand 2600de dirgidation exvhargeanembysc ¢60Q Ha fiHl on exchange

menbr.ane_ of the,second s r asse . e i j f the end
ol do mekrrioat D e PRSP PROR ARSI S SR BP PR st
t echni qugstheital SBEADR6TYN Al £Secdfl pdrtien efthe fRdidaionmykchdigs nixenteald adsed, and

spacer 2804 may be positioned between the spacer assenbl I%\S}? 2’5 t he spacer
assenbl i the fisst catiingnchangs aerabypmm therssipherymaaybetolded 1o gryidianddoldsr 11 i d

flow str i i j i i fferent
han 1180 B e e B S bl yand 20
second spedast asisesbdhingsmsinrbrane 2601 G 29 by the arrows. By using

t hermal bonding techni ques to prepare the, space ssenbl i.e t he
result ant cel 5¢¢ RPacsr Esﬁ@gg’sm?%g‘?ﬂ’l@iﬁrﬂ‘éam?‘ﬁ?é{y' %yg%ﬁwpd’\}vﬁ(gr ease of
assenbl Yonia8fs 79¥0 BY BY 'fﬁi%?g&{rer bashBly MY EbekliorRa 380l ove® Rfthand el ectri cal

purification apparatus. narrow thermal seals provide for |arger flow
channel sfolds&@78Awmy theessednd spacen aspombly2® thetthe ambiolds dfithafitsbeatioghi ch may

increase the efficiency of the overall . .electri.cal purification apparatus.
I n perta‘?’ﬁ‘fE@?ﬁ‘}dﬂ‘?’ﬂt‘iﬁ’E‘%}gﬁF?Wfﬁoﬁge f”ﬁ‘ﬁ% Ofﬁg%%lﬂ%?xczjﬁﬁﬁ?lgﬁ a“?g-?enf or cenent
SUrips Ofheeddt ¥Rkt SssBRbERT ITHe.ovEQip i6n oPGE ¥R G1Yd @ag s@urdiddyy et hyl ene,
may be used to strengthen the thermal bonding areas and to provide a nore

robust statmal Bpndingradhesivesnell mechahisahteelnicuess Assheown inf Kb 28aihsicAd and 30

cornr < 4ACATE LGS TP R P e B s e
assi st i gsséhBlidk0 N tAgspacer 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 to 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



-33 - process. The thermal bonding techniques may al so prevent |eaks in the
menbrane stack. This process may al so reduce the conpressive force to
menbrane spacers to maintain the cell stack integrity, resulting in a | ower
pressure drop through the nodular unjt. 5In sone enbodi nents, adhesives may
be used to secure the ion exchange renbranes and spacers in a cell stack.
Adhesi ves that may be useful in preparing a cell stack may have parti cul ar
characteristics or properties that allow for a suitable seal of the
conponentrecsst. Thetheshdl bobdink t@::hdlqugs wey alse ptefventdéfﬂqs 1@ thearembrang n an
el ectrical 1P .fication a hou5|n ert| SecBY, | |nclude t he
Faity SR

adhesi vesReks Q\HSRIBESSE Jray § ecWrF et? ST e omer i

proper t i @gintRY tHREl kb thtd Ry, Hé%g in@So@br lﬁrhﬁufaichﬁp Itht@ugh thehas been f ound
that the bond strength between the nenbrane stack and the housing nay be

enhancedmnoduler witie | eakages within the electrical purification apparatus my

be reduced or, elim at Qﬁlgg terials or
pol yL?r et hane I(Slr Tg gﬁ’}%nf[ gﬁlg asgf%?%g?lgﬁ%ﬁlsgéuﬁgy XHQ hi s may be
due to tﬂ@ﬂnbrahb@éﬂﬁ@pacdﬁ@mmllmck @(tﬂieﬂh@rfhﬁiahaypﬁsalmﬁﬂ ieprepimatg army al | ow
themto pr ovi de suitable seal i ng of nmenbranes ot her, .and to cell

a
stacks t@laskinyshave particulnpehagaseristioy O@HBR?TIE%‘E‘QYP?W FASMRS conprise a
resin and.a,GH | bc%}ﬁ%&ﬁﬁ lof i ccsB¥k 484 BHddeal! ife é&ﬁété&%ﬁlﬁnfaﬁe menbranes or

to the housing in may require 20 crosslinking. This crossllnklng
nmay be ad&itbva gulificationmppahiuy hommg i Heps¢ heperiss maypiindlude thaiadhdsive’scur i ng

agent. The curing.agent may be sel ed fr.omthe. p.c ng of
al i pHat i Y:ls%t}‘re%?t“é‘ﬁa %%#H?@WE?E“&S%FWBWQP PE"P&ﬁieﬁe% dﬁ%(?g?ml c anine.
The cur 'r%}a %ﬂ@@&ﬁh RIVEVit HEs H&%ﬁ%lﬁﬂ'tﬁéttﬁé&ﬂﬁirstu'eﬁéthtlﬁtvbé&ﬂ teghesi ve,

i ncl udi f not [imted to, viscosity, pot |ife, curing tine,
penet r at membrawesitackm gndaﬂhﬂ housing mex basnbaiced5sd therlgakiagemwithiskibari cal

resi stange af urin ret/hane qr pol yuret hane- based

mat er i al G QB” ?%@E}%BB“BVS%%&P@‘%%BI FBREeSacti on of an i socyani ne
with a pol yal goRgle caR8lepky of éhokiDagtidanifesfs @lfp(ﬂy@raﬂﬁhé’&t The reaction may
provi de a pol ynmer containing urethane |inkage, - -. . 30Wen an

adhebs vepdlgurgibeng-based materiais may bapsed. t Brisgeybs dé‘é&ﬂ‘élrmmahnes to one

mechanical, and chemical properties that may allow them to provide suitable sealing
of membranes to one another, and to cell stacks to housings.
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



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 line or seg/_ band. If the adhesive viscosity is
too viscous, spreading of the adhesive may beconme too difficult. 5In
certain enbodinents, it may be desirable to use an adhesive that has a
simlar thermal expansion as the nenbrane to secure the nmenbranes to one
anot her . ccThinsexteny op agvedeterminadegluc bnacoraselbapd. Y failekemsplgt the iscosity

menbr ane- adhesi ve i.ntenface. Ln _qrder -er m ne sui esive for
o oot 11 oADK I toRIOR B oty 1 o BHR LR Pn SHL ARG & A0S Vo ne
curing agsdl Ifhe abBesalelv@icosity Fado exerm| Sreaihgadfithhadtesivamaydbebage a strai ght
car bon backbone chain, which may provide a high degree of flexibility for

t her mal @%ﬁ%ﬁ@PEﬂ. Use of this type of curing agent may all ow the side seam
to expand al Oﬂxgce‘f‘éah*]erﬁﬂb%irﬁa{{?rifxﬂs b%&éi@ﬁlg't@ﬂ?é adhBdvAfAMRLd £ am ne curing
agent’s have aromatic rings In & P bac one chal n, Ich may provide

ri gid el disfilanthermalegpartsionsas thbmambemtad secardihel nrertranes o o anothies.cl osur e,
adhesi ves, that may be used to secure nbranes to ong another. may have a

vi scosi t ihﬁs FRaY TSGRk e Of Howklcs & %a%enﬂg%@ﬁeﬁye ST ent

tenper at i &80 dBRrHFRY sultbIS alRIRI OV 4168ri] P8EifitdtIR abPardnkange from about
15 minutes to about 30 m nutes. The adhesive nmay have a shore D hardness in
a range #ppdicatidysythe 80ndeotrativoud! antinacuringrigent maybpateredirléor ex8Mhks, adhesi ve

or” nbihuafheBE aned ¢ e Bl b o PR RSB ROk ety e o w dth |
a range @dgrédbetilexdhils fontbAsalleRpafRiit UseDf IS 19S of eidinPagthtiMay hi ckness in a

range of about 20 mls to about 50 nml|s. The adhesive may be cured by using
ul t ravi ofltaw thegide seamtio exnand alnparatiuthe mesetrance raxceplipbatiscangraipsatior t he

i ke. 25Adhesi v hat b se f L ack to a
nous ng. AReray B2 st TR el eR ARG B RS A S e B et ve
di | uent srigidtcedastdigerprotraticddhesi ve. By adding a diluent, a |lower viscosity
adhesi ve may be obtained, and may allow for easier applicatjon of the

adhe$ive. Theln e smiadysenty ohihs dpdesust. gdhagiyea thyt By e wsetht ration into a
porous syégﬁ{]er xﬁ%ﬁ‘aﬁlﬂ% BYES Ot‘ﬁ@IIl'?lh ”?m%’?af\ﬁs&gﬁ%in?’ao aﬁgé Rbm a0 BRRto! N certain
the dilue e t otip

T
exanpl es, nt may be selec romthe gr
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 thickness in a
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



consi sting of diglycidyl ether, diglycidyl phenyl diglycidyl ether, and
conbi nati ons thereof. The adhesive used to secure the cell stack to
t he housing nmay be nore rigid than the adhesive used to secure the

menbr anes to one another. The adhesiy; 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 vecansisting of diglyaidy] ¢ther, diglyciditl pbinitl diglyredy sther.ragd sampbinatiensa vi scosity
in the rﬁﬁgf from about 300 cps to 2000 cps 10 at anbient tenperature Ge
time of 0gdhesive may range from about 30 minutes to about 60 m nutes.

The adhesi ve TRYadlR¥ie BscaNBk& R 1h8 cBll sRABE BE hatmsd méhbé toBOrigid anbi ent
tenperature The housing in which the menbrane cell stack is

posi t i ontdn ghechdbetive engd tosqshmpthel menthsanss éxereriiedivr-c Ahe prhepive ssad ton

apparat us._nay, be de .of, any 15sujt.ab I t c fluid flow
and cur r%eﬁPreftP%\(}\? lg\fn%?'cﬁﬁ 9 tl%e}?}éé{lgﬁl ér#ag:[%esffo%g%.{e? (%b fﬁé‘fea?%r?ﬁ#l{‘ %}é’aﬁa&%c&i current

Wi t hi n i §trenE to8¥EHFRINE the WeighaifSha@e@brdne ¢sil Bgckrayd bayaondeformt ed of

pol ysul f one, pol yvinyl chloride, polycarbonate or epoxy i npregnated

fibergl a%@i.erﬁﬁé’m&e? al s used for the housing nay produced from an
extrusi on professemid é?ﬁlfo%hh&ﬁ IR Ao, Al Rhe M OGRE S0 didte thyREEA! | Y
provi des a dense g{ruc ure 20 with a generally snmooth i1nterior. To enhance
t he adhesghoketohhnhoBaigurenhdvee Viswosityniy the chngh éromeationahiRd gltd 28@Gichs, whi ch
may fail due.to forces of continuous_fluid flow, ofti of the interior
Sur f Hee SranbientieRsrayrenttisl dmal thesiesive mayrniertSek Shery Hariowteifed i s
treated o, BenfilnGds THYJREEVPHEPRERId Gdrd D ih ARARESbhSuruSab BDGt Of the
housi ng tgugﬁe éta%L pefﬁpﬁ%?y y incluée fechﬁgﬁues that may disrupt the
sur f ace abbianmdemperagase t he surface area to enhance adhesi ve bondi ng. For

exanpl e, the surf r epar.at i.o C ris hem cal chani cal ,
electrical, or thgfﬁ&ﬁ("? _ ‘38”&“3}@%%% ,cegr?ﬁac_gésn%‘?s téo(r%eng g‘?t hereof This
may i ncl ydgreghsPidvide tBE SIBEREEhOMIdEE flAdatioh apsisthé Ay bE aiadexanmy €.

In certain enbodi nents, adhesive injection ports in the hou5|ng are used to

ai d BOi nsuifablededterial ity alddw feftfbsd dewrand chererfddaw withiy tha gprpasatih@nfdusi ng i n
order to_secure, the nhr.ane.cel | K i or nore
adhesi v ere?qﬁi @8{% ad‘@ Cblg'gltﬂ; Sw@af@ Itb éilor eﬁrg&e, 1518 hB@s?n?(?r"ﬁ)'UE‘i%g rrg}eoe

constructed of polysulfone, polyvinylchloride, polycarbonate or epoxy impregnated

fiberglass. The materials used for the housing 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 chemical, 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  inthe 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



-36 - used to introduce the adhesive to the housing. Mre than one adhesive
port may be utilized at each securing point in the housing. In certain
enbodi ments, three adhesive injection ports may be provided in a particular
arrangenent to distribute adhesive |j‘6the appropriate manner to the
securing point. The adhesive injection 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 veused tmsmduwetthﬁa@hepefnéw thethousing. oMdne theh ane adlesiyr ppHenayditbr ane cel |

stack to he bond b t he nbr ane el n housi ng.
By i nj ec'ftﬁ g‘?f'ﬁé PYRTRR pf)Wi mﬁ’ﬁﬁ‘ﬂ‘é?ng %%Odfmén&ﬁg}gfge&leéﬂg i s being
used anCin}elaﬁo@m&ﬁ%ﬁb@pfwmed%ﬁ!9&1@1‘bﬁldr é@ad@éniehﬁo&ﬁﬁtﬂbﬂt&@dh@web@ noni t or ed.
In certain enbodi nents of this disclosure, the nenpbranes may be secured to

one anotthe APRIABriate masaeTdp shagocwing paiat. mehemdaerveialectien BRMS BYY Bchani cal
seal i,ng to%ﬁfb’ﬁ'e&' 'fhee? strﬁgﬁ 1‘?18 aly rﬂ%nlé@éﬁﬁfrﬁéﬁ%’ 1&&?@&3% cf[r:ilbﬁttérﬁ Lgation of

rldges of groove ranes a e spacers used in
the el eCztclhieGraltthstiréd adliekion dﬂ&wppmadau@lesmrﬂfhd}gﬂesism’sitgladlﬁnm& isn a first
menbr ane or Spacer ¥ mate with f? ri dgng or ooves on a second nenbrane

or spaceysed;ihmay perRigicinigthg shanmg ﬂ?“i‘i“ ﬁtéd%‘io acetheray i nterl ock
W th thebdﬂdd%ﬁeeﬂ&h&ﬁl%f%%e%u @taéﬁsmﬁe%Haﬁgnﬁy%eaﬁgcaaﬁesﬁ% ggganpl e, the

ridges or grooves on a first nmenbrane or spacer  may be male ridges or
fitti ngsmuleet, thetmowittdf athesivei thgésbang gsadvad thnexotiersechmatigenerdiecane or 20
spacer whi ch g(% be fermal e ridges or fittings. An ion exchange nenbrane

suchlfas B g AR e RN RORSEane or an ani on exchange menbrane may be

posi tioned angh QARG SchoRRhMREST thﬂﬁhédldsﬁife ﬁ{é&ﬁ&ﬁbﬁﬁé% rh§¢b§ egond tspacer. In
certain enbodi ments, once a series of spacers and ion exchange menbranes

has beemmﬁi@r@mﬂmcispﬂ@trmwahmlthﬁ: mlembyansfcel staeke iy mechardend selingt e f | ow

conpart artne b f||| th t he form of
aresin @H’r“; Wg%;)bé’r?&%ﬁphs%&%g@n%gn% nOfé}lc{gE‘eisg]grghpshoms an
exanmpl e &f atdbast aﬂlee@ﬂth@ﬁleﬁmraﬁsi afl thetspacepaesed iBH34lestridal purtfivadsn 3090 f or
mating seals on both faces of spacer 3004. One end of each flow conpartment

309ﬁ15i s anpessts. dihe rvdgtewtgrewe@s@@@tﬁréfrm@mb@ﬁéﬁr FRpSerz0av mRleavith B€ai n i on
| f 096 of
exehangs, e sil gPo%%ng DWcoiP et J fsﬁzﬁér v ldgéa%égg&% 0f1¢ir096 o

spacer e op en or resin be present at

the end Ihemafa@leﬂﬁ@;ﬁlﬁéﬁnﬁﬁﬁimldckt\ﬁﬂmhagldgésadi@oov%sonracsecmnﬂanan‘mpa@er may be
constructed in the sane nmann - 37 - In certal n exagEI es, the

concent r¥tPaEaar xampley dhg %?ﬁé’F ZXORXPS PTha Et mpmbragspr a9SLMANDE i n certain
embodi nE[ﬂEﬁ-‘:’r1cflgg?ofﬂt’ﬁﬁ&ﬂhﬁ%@tefvlnﬁi’\fhmg&eoﬂ S6Es A0 sdcbBRd MegWrddergugh the

di l ute conpar
20  spacer, which may be female ridges or fittings. 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 ion 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.



FIG 31 shows a cross-sectional view through a stack of spacers 3104 and 5
cati on exchange nenbrane 3100 and ani on exchange nenbranes 3102 prior to
assenbly. Fenale features 3101 on first spacer 3104a nmay be nated with the
mal e features 3103 on second spacer 04b. Mal e features 3103 on second
spacer 3104b nmay al so be mated with the fenmale features 3101 on third
spacer 3104c. To enhance the transfer of ions through the resin beads and
the nenbranes, it 10 nay be desirable to have the resin beads tightly
packed. Ihhiegaimexainplepaht condeniraty spabeamenbe thisndr thanithe dilitespaceobnpart nents in

ul trapure wat er applicati.ons t has been, found,that ther re many

possi bl ePSRAYE IR Selfgeﬁ’& F@Eg‘é‘ﬁeﬁ@ B‘S@QP‘P@B&T@&E}W {pay ES#O%?EE% tg? %P €sins may be
soaked i frch IRCHNE 8diBFhrEAddts. SOl ution, such as sodiumchloride, and then
slurried into the conmpartnents. During operation of the electrical 15

puri fication Bl§padshews acress-pestional viigw theugh 4 tieek efonpeert MMta@dmay swel | as

the dilute strgamis deioni . Jhe i in a
conccejgnt &??188 e§§Taflg%8]Ieﬁ}%F %nﬁ,ﬁgﬁgﬂ&-%%wégﬁh@&%%%%@%%gf ?g)nzsoﬁ ?(ﬁZn dried. The
resins nayerhblgn FomakUs@ard8d0i bn fifst 8pdcess IiEamast med wilhalimakt o t he
conpartments. During operation, the resins in both the dil ut

d
concent rigalireschifarnseinng SPRGPT 3 JRAbr M%letf??éve%?’@%%b%%c@@fi %H?c?rlﬁpgg and 20 the
resins 'ﬁa%gﬁo%la Wsh& \ﬁf?lmrt%ﬁﬁ{étf@aﬁi‘%lsblﬂ"&ﬁ {hifdbhlﬁaﬁé"b?m@@c.t he dilute stream
i s dei oni zed. nple, t

I'n"anot her “exa e concentrate conpartments my be
filled beforeTé bghatlcd thcaranefpaf ionethrsughTherasertizadnasl the blenbearss)ibwed t o

bulge into the di|ute conpartnments, . then , the dilute co tments may be
fill &Y. Eﬁbgﬁgf%ﬁ‘j@‘ftolhﬁ%e ST Gaqs P%@t%am%f% @E’ﬁﬁ%"’ryt lcg‘@?{yng oper ati on
may be Cﬁ?ahﬁgédgggimé cfﬂg@e é&@a%e%% iRRGkBRIrd WhiSr AEicERIEE M Ha8bBen t her eby

increasing t I ng density. Fl 32 shows a section view of a part of
an assenfouad tist deke of nsPaEesbI8 2GS td incleast thg packimgdensitpabor and 3204c, and

menbranes and a detail ed view of the chani cal.. seal s interl ocking. As
shown in® (P‘Eié?sé‘?‘sl ’B@'@‘?&ﬁ?‘e&%%%t%% S?%?ﬁwé’? %léﬁia? F?C@tﬁmwi th resins
once t heg3b@dk add tHen bheridemid @€ comphenc@b. Dalihg ppérasod 6f tBOckosieabl ed. A
slurry of resinin a fluidis punped into the conpartnents. The resins may

be r &t ai pwifidation penaratys tE2G4ingin tha dilpstcomprimentsanayonysiras tkhdibitoni | e t he
resin -38 - carrier.fluid fl throu are full,
slotted Prafes %5598125111 EH? ﬁe[sbns%i\"%caéi}} ]% Sg’g%(%%%rncgé?%tﬁg t Iéftsgﬁgﬁ%g’rt ments. The

st ack maychheBodigmrdbldidedarRDhandridd €Tl resihemap niparicnsaniendedin daenif i | | ed wi th
resin in a simlar manner. FIG 33 shows a_part of a_ nenbran el | stack
3305 wi t ¥ireeesang then blownrgtoghe cenpastngs.  Rumngererati@a e Apanc8 st ack 3305

may be St lﬂﬁlﬁ% 4l cﬁn&%ﬂ%@er&nﬁ)ﬁnﬁl@fl{siﬁdy &lell 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 3204¢, 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



poi nts al ong 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 nmenbranes nay be sealed to the spacers with
over nol ded thernopl astic rubber (TPR),seals. After a stack of spacers and
10 nenbranes is assenbl ed and conpresSsed, the concentrate and dilute flow
conpartnents are filled with resins. FIG 34 shows dilute spacer 3404 with
ri m3407 and overnol ded seal 3409. The overnol ded seal may be present on
bot h f acesrierfluif8owp dwengh. TWhen thecomnagmenispaciil, paitedplates artslidct ed

simlarl) I.n certain examl es, the concentrate spacer -COnstruct ed
Co be- t riflgaRed Rk @it M e S mpaf R0 150 Hal RS RR e e -G08 T HCC S
seal s. the dilufeldompdfimictsanBewd filtsdl Witlewsinih@ughil@gandnnef. a stack of spacers
and nmenbranes, including concentrate spacer 3511 and dil ute spacer 3513.

Openi ngs 3594FKeBaishowea part of & memtzanasalsisk 830380h reumrlypEsIDEE or sl ot s
3598 at : i | in £i11ing. |
Shis Dar i1 BRRE, Menfih el CAURANOSREY bedectiefid MM diBatBUb | | 10 1

shapes cpoinfdalongakk paiphbryast del ctaak §80Ar Forsgample, thercchetaykhonglbe so | ong as

the resultant cell stack may be ﬁgeghlatel secured to the housing. In sone
enbodi meffewred af aRe argparegapnesy 3350 picell sigek d for a housing. Radial

overnol ded seg ﬁoﬁépgmﬂ@&i@ﬁﬂﬁéh&nhﬁﬁeﬂnhyb@s@a%a tfﬁgl?hc OEéré‘Wthi nlet/outl et

mani f ol ds and therefore elimnate the requlrenent rner securing or
pot t i ng. o@imBkied tlermdplasty mbbir(TPR) sduds. sh bl stacheof spaeks amdy be conpressed

to seal the nmenbranes . and spacers t ther. This be acconplished wth,
f or &an’ﬁ‘?@?r@gw&?w?? @dﬁé’wrﬁse‘gﬁg centraic anclﬂ—;ﬁéte g%"vi s a section view

show Ng &RepattniSdrd iNBd Riflr8Sn300G. BD sSROREBRAE bficer ROURitH #ii 3397di | ut e
conpartment's 3615. 30In certain enbodi nents, the sealing by overnol ded

seal s anahd dvermeldpdhecaby40thl Ehef avgrmelded saadi miaz ba Ipeestriannuyasls fagesoffbe used

h id d_ - - acel | K. mb
be scal e (% capsetusE i s conlFRRUARE AR iR g

over nol dgd cep@hfrateRfladeh thas ®alcendtAuctddao b Minmy tis@ahe Hitgedpdddt,@ngpacers to
t he concentrate spacers. In this enbodinment, it may not be necessary to use

a holﬁ_si n@abnowmmegmld%i%& the cell stack to a housing. 5In certain
embodi nent s, A 138 € 5 LdPBn qpévgﬁlgoﬂap%ﬁrot"ﬂs%%k'o? 5195[081\5' a%ﬂ%érmgmes,

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 seals 3509 may separate the dilute and concentrate inlet/outlet
manifolds and therefore eliminate the requirement for corner 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



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 nmymbmnooéltstdckyi Thie rerebmets why bt seatrdso dwospecgramithmgale ame 3835 of t he

nol d and. on et of strands belo S5parti | i ne. 3835. The str,ands of the
screen s%ﬁ@&réﬁté‘r?h‘g e‘iaﬂmif)@@ggdﬁg%émécg ._segi]ﬂnc FRm R & dC i ons and
the two §ghiSskedis MREBNANBR pERHE AnRRs RAMAIEAINANL 18y BaCHE ctREry The
cross-sectional shape, orientation and frequency of the strands may be

vari ed tio use efiotsing pudodnarisralntp seabithe cell sldtic® ahqys®gsure drop. R bs or

baf fl es may | ded .i nt o the spacer d i nprove
fl ow>distributi% gmfg}bﬁﬁg}%?n[ Saiarﬁ1e]e%g3irhglﬁ%§§ﬂ%%ﬂe%ﬁ£&§2@e§é%gl e features

are nol dgeorporatdiecicen a3 70044 Mownaa PGt 31 eThis Bfgurdshoadgeuid flatv cont ai n
inlet and outlet openings 3833. The selection of nat eirn_iﬁial for the spacer

may depeditectian 8- Bpanings arpprovided an e pppogibeiedges A74hand WAt dMnd smal |

di mensi o . . i or
less. Trobeuir g?ﬁ’agﬁ’%nr@i}&é’l @QWE%%%Q{%EE%@‘HC??@“% G0k bt o, ™) O

hol es, piheneidbly on the order of about 0.030 inches (0.75 mm or |ess. The
mat eri al may ve sui le elasticity to | ow appropsi,ate interlockin

of tHe male et %‘ﬁ%%& s slre gt ﬂéﬁ}%ﬁ@ra@ﬁ%ﬁﬁ%énﬁf%i ity with
the flui gkl cﬁéé(eﬂéﬁfhinﬁ@. 339 190OVB arkOSgH A% HovAmaleAekurl spacers and

As shown 0 nele

nmenbr anes. , features 3903 interlock with fenal e features
3901. Si¥B03awhigh miap ike@ckagith fraade faatires HH14003 interl ock with femal e

I N T e
4037 seabnd ReorHERSs Movk ?@rtifﬂig AL 3985 o PO MEb1E @hd bitescs BEQNGIS bEleam whi | e
spacers for the second stream 4039 seal the edges of the nenbranes bound
for tshe parting ling 38@mThe strands of the screen spacer as shown in FIG. 38B have semi-
circular cross-sections and the two sets of sirands are oriented perpendicular to each
other. The cross-sectional shape, orientation and frequency of the strands may be
varied to promote fluid mixing and/or reduce a pressure drop. Ribs or baffles may be
molded into the spacer to form flow channels and improve flow distribution.
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



5In certain enbodi ments of the disclosure the flow within a conpartnent may
be adjusted, redistributed, or redirected to provide greater contact of the
fluid with the nenbrane surfaces within the conpartnent. The conpart nent
may be constructed and arranged to rgdistribute fluid flow within the
conpartment. The conpartnent may have obstructions, projections,
protrusions, flanges, or baffles that may provide a 10structure to
redistribute the flow through the conpartnent. The obstructions,

pr oj ect iasdanioprasehange oresnbrites 4§82 aregecwsad betagenthy specororingeeradorgart of ion
exchange- nenbr S [ [ g r structure
that i sefbrls’tosr\gg egﬁ\?myts E}qﬁhetﬁ%ggg%lgﬁeﬁ?&g%ﬁgn%%gﬁéu%? @%dnszl,%gglf‘ gj&'g?:t i ons,

pr ot r usisphcers fdralgRSondXdtrebal 4030 Sedale &dpeck of the dndiybrpticd\biodndifpraire ext ensi on
from an adhesive that may secure 15 the ion exchange nenbranes to one
anot her .firsh@reaWacer nay be inpregnated with thernoplastic rubber to form

POt st OnS. i3k TR ABARATREG W BRIBUNE TN 046 SESRIatREAges. Th

t hermopl astic ru e appli to the spacer using processés such as
t her no- denjesssl, edisibutat, ar yedirected o provideigngpter Thatactorfjthe fludntith they or may
not contain ion e>f(chag%5_ resin. 20As shown in FIG 41, first ion exchange
menbr aneMARBIANG FYFfaced WHAI B CORBHARGY: HBRGPRRIIATE 4y ke ORI M th i rst

spacer %%ﬁﬁge&o%e&aﬁﬁuéqﬁﬁ&po&lﬁﬁqm%é&nmqleﬁdjmnﬂamﬁm First stream

4159 is shown as flow ng parallel to the flow of second stream 4161, due to
second spayghbavestBFudimms, pyojoetidns gyotrhsions; Sdirgssr drihafitestthas maygqwovides i nl et

4163 of acer 4157, ..around first ffle 4165 anound. second 25baffl e
110200 ARERFG i siRlstig Dey el Begchuahiinf TheliHgiohss 70r 2oF
exc hangeprﬂjé@ﬁ’éﬁ%[‘?oﬁ%ﬁén@ﬁﬁn@@?&%fﬂéﬁh%’é@ﬁﬂﬂl@d aepdt aNen4283ngs e shown with

first spacer 4255 and second spacer 42 positi oned adjacent. them First
st r eam 4R8@biages Hasipaces, 1rowy brppaddiionsl saprefe sprctuiethef previdedkcond stream

4261, due. t.0.secon er. 4 Vi.n f]e isfribute the
flow fro 1t1|tn?]1|ﬂ§? M@Es%}é%é]?saﬂg@s’ grro e%{nl{)fl'%’ ?lfos{ag%g%g]aég‘%?é{s and around
second bisdffiéemdy Bd formdd b hedidding bh keten4@d Fom an allhesive that may-bdssre 43 and 44

show addi ti onal enbodinents with the conpartnents for the t¥\o. treans
formd bieion ewharas manragesdp 2ae Arothgry Thbe gpacgnmay he IpEENHsE Wifor second

St 1 e Aqn R FuRe: RGHR B R U Bl BRI bt bifethvesr oam 4359, In

FIG 44, ow path for second stream'4461 nmay be perpendicular to first
st r eam 4gthenbmSabente dltsahéthgplastic extbenmay be appaddo thengacdsaisingnded t o
adj acent prggenstgésasr&g ag\a;htérr}no-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.



adhesives. Alternatively, the nenbranes may be thermally bonded to the
spacers, such as by ultrasonic, vibration, or laser welding. As shown in
these Figures, the dotted arrows indicate the flowin the inlet and outl et
mani fol ds for the second stream 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 the anode and the
cathode is expected to be reduced. In sone enbodi nents of the disclosure, a
met hod of pr oFiGH g aad 44 show additipexl ghibedimeenisy witks thsrcoipgdaents dordbe t ai n

enbodi ments, a nmethod.of. facilitating the t 10 f I ter from
seawat er W%Stﬁﬁwnﬁmg YR eﬁ‘é‘f%@ﬁ%t}&f Orip }‘?Egﬁj}f@p{rh&ﬁ 08‘( Hég%eg%bsg oen\g'?r i cal

puri fi cajiam MaRALbEScCQRNt & dbEnRr-eehént$6 e strddne4 3o Had 1o, f ur t her
conprise fluidly connecting a seawater feed streamto an inlet of the

el ect ri ctk flow path trsremdsppam 4tGbmay ke pripeRdenlanlp frshsimam efpri se fluidly
connecti g%%‘%gd %’g%ll/b’g’t ic?rfso tﬂ% elage% &ag?épgﬁn%;(}fthggi%b%ﬁm&%tht 0 a potable

poi nt> of er “or ‘estuary concentration of total

di ssol veglitesives] A lichativa, tha Agentednes heiytbe iRy bondddau theddpats ppm | n
certain exanples, the seawater or estuary water rra¥ haﬁ_e a concentration of
total di$%blayby ulitiens brationer laser WolgngpMs shown in fhess Kigures B8 di nent , t he

cel | stag eﬁ%o%wi@@ﬂﬁ'ﬁo%@g&é i etj{aﬁﬂ ofliidehd eI GABPRE SERAESIaRE. | on

concentrating conpartnents. e 1on diluting conpartnments may be
const r ucThse anmntifalds areged contingeovto dise mldt lhond thefdutiet iorthafiéwcempa@mditr ect i on.

Each of the ion concentrati C artnents be cons ted and arranged
to phbvi9& the SePendstiepigy, T reggrge@gfmiﬂngpg&c}lwﬁp W@I%F#ﬁ)gf%‘?ﬂj fromthe
first difechi@ihndafe SiB6déSsetheaRasbe Rduther . each of the ion concentrating

conpartment and the ion diluting conpartnents may be constructed and
arranged to phowhwenzbodirectds of the disdlopaecemetigd obbroyidinga soweeaf or menbr ane

o2 Sl S b T e SR B SEBRIRE D )10
been foupdahdirh AHBRLRI waBNREARCavwted ik pRIVIQN. ThemdlRs] may démprise
15  providing an electrical purification apparatus comprising a cell stack. The method
may further comprise fluidly connecting a seawater feed stream 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.
Seawater or estuary water may have a concentration of total dissolved solids in a
20  range of about 10,000 to about 45,000 ppm. In certain examples, the scawater 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 jon diluting compartments may be constructed and arranged to provide a
predetermined percentage of surface areca 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



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 nmay be achieved is_gyeater 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 ngtépiateliiciengips indhy opgrp 8 Flegirisn] Rusdicadeneaperalysedd cel#Bugh

mul tiple, B@cﬂﬁ%n@fth@?ffeﬂﬁﬁ%x%h{tﬂﬁ%&tﬂ& Igér)ﬁgé %Ah?&)ed@%’éﬂé%te?ﬁ%ﬁ 8§%aﬁl??” atus to

provi de the source of potable water. 1 Irst t1on of fluid flow
and t he stheoembadiiments,ithamembidngiutilifdtenw thtyndebsshesté s geadephayvi ded by way
of the c truction and arrangenepnt of the conpartpments. Usin he first
di rect i of° Bt 1 Feiin ik sraRodimeis-dbe mﬁlbr%mtﬁang%n&ﬁgt SN he second
direcqi OfﬁaQBebLéé{egtﬁah%%my run in a direction of any angle greater than
zero degrees and less than 360. In certain enbodi nents of the disclosure,
the 15 secondt fehstioge off the ipmtHutingycompartatents 280 iemgdnegntatinger pendi cul ar to
the first fluid flow path. In ot hetrhenbodi rren\iR;, ﬁhﬁ second {l'.hui d flow path
may run SPURATTRRISMAY BOPRriseASPReqts (L SRACE PAYRF phlgrking spacer IS o o may
further geyaNoéwPasath Sitthé Baatd fddduh@uph hitiltiplabtab @ pasReetRbughhBe
alternating ion diluting conpartnments and ion concentrating conpartnents.
One or 2@eeived rofificaonaprpgiusie proyidedhe bareopigrotahle weteand arranged to

redi stribute i it t id.f e TSy I t hr ough
use 3" a part Fig G uETon P Buld bl pid et RuRlor S, AR RIRAR RE T pa
nmay providietdl adproddsdby aay bptheedhstuctionbigd daigbunibifthow, as descri bed

above. The electrical purification atpti?r at us ma% further conprise a housing
encl osi nePppAreeng| Ysing theilirstadireriaemel fuid o asp drectiprrypaingshensa 8f the cel |

stack may,;beps %%Uﬁtfgiréc(ﬁ]pﬁ 3¢ AlRUSLP %ag}{i&?inteel &i?%c&i%)fei %E %@Fﬁg@éﬂ%{%&%p N apparatus

may further conprise a trame or supp struc et ween t he
housi ng thad ztdoalegelel arst lmekthard B&0° Tavertaimymbediatinasoenite disclosurgdimnect ed to

the cell stack to. provjde a nodular unit. The glectrica rifjcation
apparat ugeCHﬁ@ﬁfl@rfl%PatEwrmgét %5@’ ohprmpnie i e ﬂa@rérﬁp ﬁ%}gﬂ & 30 secur ed

Wi Thin T Bah heShB%mIdiEn SRS ARE BRI NA AW batiRYay¥an 96E Y§®Dndicl B the - 43
- housing such that an 1on exchange nenbrane of “the first nodular unit is

adj acent fis lushflex pithnge nenbr ane of the second nodul ar unit. The
met hod of proyjdin sour ce of pot abl ter C ri.se redirecting at
least one of APeREmod Sy hersontins MAEbyRe B P BER RS P YR paur ar

uni t andaftd#Bating ion diluting compartments and jon 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



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 tg the housing. O her 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 housimgsuelydaoin igp sxehango mephranet disolipst modwanuppinadiggebant r eated to
produce :pot.a ko Bri i di ssol ved solids content in a
range olegf)"}é% .a%%%%%r%%nql@% %E%]tdtlggg\gao ‘ppm may be treated to produce
pot abl e wat erThd methodef fibeidiagi smntesof gatdbdewateairiap gomptied @irelitingol ved

solids content i range of aboyt. 50, 000 m t 9. about . 150, 00 m may be
treat ed %tgeﬁ?ﬁ @Rﬁfgﬁ?&“\‘ﬁé %‘F“%W‘ﬁ uig (B’Y/\B?t“)tgg‘l Q‘Ie%dﬁté"% %dmété‘lngélgﬂp cont ent
for rp. I : : v : uch as an

2 VR Bhadunae s ol LSR5, SO by et

ocean. ment s t osure have_ een di scl osed
many 20 blockifg spaceoresweandte firs modubm dnid ehd thesagondepodidarade t herei n wi t hout

departing fromthe spirit and scope. of e disclosure dits ui val ent s,

as set forth 4r C%St %BW‘EM% Qﬁ%%ﬁpped ggweeﬁ%i@%ﬁdﬁﬁ%h?%“igﬁg art woul d
readi |y 208kt AbBulbhdtit foh8e Hakdgus paraneters and configurations described
herein are neant to be exenplary and that actual 25 paraneters and

conf i gur at i on©thgr fyipeslehieed wajso pompusinp didferdnt capnshiratians @ tdtdr whi ch t he

seald Tres g Pl By RERE B iRp RS I R Bo S b ERREIL o EEC, T

usi ng noprdkyne disbiakurt OBbi HRNHIR BilchkBAtvakdroMvinPaote gissylabépdlRist 0 t he
speci fic enbodi nents descri bed herein. For exanple, those skilled in the
art may v o angp af ahoye 180 herm tq.abouk K 0adPRE M RsHreatadde pEghuce accor di ng

o the PESSARbal:S B ASYSINol O SO Lo A8 iltabody st ems o be a

conponen a wat er puri Ion or treatnmen - 44 - |s,
t her ef or £),00®pfae teasber $5HOCD pirainmdyie tfaateddgo prigluespatdblowvitics. & some esent ed by

a1 CHOENReRe: iner RS & g o BT SR P RO SATOU MR us. and
met hods Pt {PEodk @%,b@@ﬁipm may be treated to produce a water having a lower total
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



ot herwi se than as specifically described. The present apparatus and net hods
are 5directed to each individual feature or nmethod described herein. In
addi tion, any conbination of two or nore such features, apparatus or
methods, if such features, apparatusypr nethods are not nutually
inconsistent, is included wthin the scope of the present disclosure. For
exanpl e, the housing may be of any suitable geonetry such that one or 10
nore nenbrane cell stacks or modul ar units may be secured within. For

exanpl e, st therefe.sip g updsrsiped &W th@cfpiegaing cgbodiseaniy are pepserted bpivay ect angul ar .
Wth reg { [ sui tabl e
WO ¢ OB bt 8, HFTRLATRUEbL HACH T s A4 bRty 1 L0l e
secur ed therctd)ehddisdosed eleEﬁrcaBpa&ImJaﬁom hgpaneodarainasthods mpabepacticd be

rectangul ar in shape. In certain emhodi ments, a 15 hqusing ma not be
requi r et WSG@@WWC@PM%@S%% ansPreseat %&@@Fsﬁnﬁéﬂﬁ any suitabl e

geomel rygsliely b Rah ngﬁ d{ﬁ%ﬂﬁﬁ&ﬁ@& ABfogR fbed HEin ?&&HB&%W thin a cell
stack. In certain e nments, a particular corners or vertices
on the uRmMnBMamkﬁhwyobﬁmdeswhédumﬁammpmanpbeanWd&efamhdﬁﬁw&&orners or
vertices may be des d to secure the cell .sta e usin In certain
enbodi methP at‘f%”@ﬁ% FS NS A RC RS IS lﬁwg?l%ﬁém&'éﬂw §f’(§tek(% enbr anes,
and spacgeseniBiciRgi:ect ed to accommpdate operational paraneters of the

el ectrical purification apparatus. For exanple, the spacers may be
asymmetrical Yo @Lamp}mﬁvddnoesm:;ﬁfaer’c@né@sy suitablecgometra suglethaeens arhe di | ut e

d trat t to b d
a1t it 1 SRt mephenr Sl Pasks O duiss b ot Re rar R PP £ sV RS o ¢ nose
skill ed hdusing@naf be cyﬁﬂ@ﬂczﬂ'ﬁ(ﬂyg’ﬂnhp@éuaréﬂ?ﬁlkédtfﬁl@hla@anlﬁ@Qal’dﬂ@ﬂiéverfent s are
intended to be part of this disclosure, and are intended to be within the
spirit amemberepecihstagsandimaeduls ynis, a%ﬁulé%béﬁ@ﬂ%letrams asqegeblegorlang | ity may
be_modi 1&gl L b dAfodlar RERAEALEuRAY, BRBENIORE: ARRGE dcOf Lhe

di scl osure. n sorme cases e ap ara us an may invol ve

connect i tgmBHmes mﬁc@ympg’eaéctmguﬁrumglabacld ¢eﬁ~e¢mmlmmmemtsa an el ectrical
purification apparatus. Accordingly, foregoing descriptio rtLd dr aw ngs
are by V\}gg}lsgqg B3R grmlrﬁd The geometryo the membranes and spacers may be o

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
20 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
25  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
30  or configuring an existing facility to comprise an electrical purification apparatus.

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



- 45 - Further, the depictions in the drawings do not limt the disclosures
to the particularly illustrated representations. As used herein, the
term"plurality” refers to two or nore itenms or conponents. The terns
"conprising,” "including," "carryi ng, ' "having," 5"containing," and
"involving," whether in the witten dsescri ption or the clains and the |ike,
are open-ended terns, i.e., to nmean "including but not limted to." Thus,
the use of such terns is nmeant to enconpass the itens |listed thereafter,
and equi Batltenttbe titpdctions in ths dwevingsado aetdineit Bealisclaseres to epprtichbarkyr ansi ti onal
phrases consistin f. and "consisting essentially of," are closed or

sem - cl d%@ﬁr%t?‘iﬁgfeg?rgﬂhqnsphrases, 10respectively, with respect to the
clainms. Use Ofs QsdiHatdin, e BmSYRRalRG” reffdrk & two crspeei@ms otthird, " and the
like in the clainms to nodify a claimelenent does not by itself connote any
priori t yconmpaseaidetbe teros “emalerising.” Greludingi mear¥agnt BeIBE anot her or the
tenporal . order. in lch ;act.s, -are ed nerely
as | abel SO NS igm\rll@g ullms’%ivglﬁé ‘%%?%@P{eéqngrﬁ?gnh%e\g‘?ﬁ gtgg%g?ﬁ(g#hmﬁagrﬁréﬁ?r om

anot her gleaRUpezniia@iviciias, dcs ameaafinclabing bionotUmetedito " NEmey thenaé ternm to
di stinguish the claimelenents. VWiat is clainmed_ is: .-46 - CLAIMS 1. A

met hod o#f syl iarass igmeant fyencempressibe dems Li gwﬂ‘@gﬁbr@%%ﬂ?ﬂﬁlﬁévi di ng an

el ectri cgl BHLE efak 0M i8R Aok DrfP R iadkif8nal phrases “consisting of” and
“consisting essentially of,” are closed or semi-closed transitional phrases,

10  respectively, 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:



5 a cell stack conprising alternating ion diluting conpartnents 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 conparigents constructed and arranged to
provide a fluid flowin a second direction that is different fromthe first
direction, and 10each of the ion concentrating conpartnents and ion
diluting conmpartnents constructed and arranged to provide a fluid contact
of greater than 85% of the surf acd-lerB4Sof each of the alternating ion

di luting conpartnments and ion depleting conpartnents; fluidly
connecting a seawater feed stream conprising about 35,000 15ppmtotal

di ssol ved sol t.ds t A mgthohdBtroullingeesoal@atiipothle watei dangatsirgn appar at us; and
fluidly connecting an outl et of Hhe.electﬁicalfgurification apparatus to a

potabl e point of use. 2PF9VHIRE IesIRGHCH PUTICAUORAPPHARE SPMPEFEE e| ect ri cal

purifg cation apparatus jedif 88k GHPIsinS3temhalill dnEIERE ombigntéhe cel |
stack, at least a portion of a periphery of the cell Stack secured to the

housi ng. and ion goncEhisating ¢eoepaginentsataeh ! thehion dilntingeonepagionantsc al

ifi [ f ' - Lt d h
Pousi ng and 1 SRt Bttt o FRER IR Paf kAT AP Sin BRECucRT! 52N O

net hod of cl abfthdiondvat&itatihs Codp@thénts adnspuéted k@i Qiged pPFoAdeS furt her
conprises a second npdul ar unit secured within the housing. -47- 5. The

met hod of cl aflwid£lov ira sgepnd-@irgstips they isrdifprcatcirpmdhedirst disestionradof
| i cal ' the fipst. it and th
eLeok o, SRRk R el DMLY i bk B Bhu gl ond the

purification appauatdisnd arranged to provide a fluid contact of greater than 85% of the

surface area of each of the alternating ion diluting compartments and ion
depleting compartments;
fluidly connecting a seawater feed stream comprising about 35,000
15 ppm total dissolved solids to an inlet of the electrical purification apparatus;
and
fluidly connecting an outlet of the electrical purification apparatus to a

potable point of use.

20 2. The method of claim 1, wherein the electrical purification apparatus
further comprises a housing enclosing the cell stack, at least a portion of a periphery

of the cell stack secured to the housing.

3. The method of claim 2, wherein the electrical purification apparatus
25  further comprises a frame positioned between the housing and the cell stack to

provide a first modular unit.

4, The method of claim 3, wherein the electrical purification apparatus
further comprises a second modular unit secured within the housing.

30



further conprises a bl ocking spacer positioned between the first nodul ar
unit and the second nodul ar unit. 7. The nethod of claim 3,
wherein the electrical purification apparatus 10 further conprises a
bracket assenbly positioned between %ﬁe frame and t he housi ng. 8.
The method of claim1, wherein the fl'rst direction of fluid flowis
perpendi cul ar to the second direction. 159. The nethod of claim1, further
conprising redistributing fluid within at | east one of the alternating ion
di l uti ng conpfar t neftiesmethdd bbelaimoAcfertheratomyyisogrpdirdching asleast one of 10. The

met hod of cl.ai m of cl ai.m erein t el ectrica i fication 20apparatus
further eval sweeny @ﬁgwdrl%wmg??«%#&%?% Ipﬂﬁi ay m{ %@;{E‘e & Of the

al t er nat,pgahidi | uting conpartnents and ion concentrating conpartnents.
11. The method of claim1l, wherein at |east one of the alternating ion

diluting conpartnments and ion concentrating conpartnments is constructed and

25 aryanged to pr %ﬁ%ﬁ?‘%{o‘ﬁwﬁﬂgﬁﬁ‘?’ er\é\iinttﬂi &F{;lt%%alcqqm%ﬁtﬁ&ﬁ% aratu. 12. The

met hod of clai'm 1 one o e al'ternati |onsdiluting

conpar t nRighér @nthriseda Bﬁ@ﬁiﬁ?tsp@‘ef PesitiEp detwaRn tise Senmbislesudt spaher . - 48 -
14. The nethod of claim 11, further conprising passing the seawater feed

st ream t¥scorgnodglpt il e stages in the electrical purification apparatus to
provi de the source of potable water.

7. The method of claim 3, wherein the electrical purification apparatus

10  further comprises a bracket assembly positioned between the frame and the housing.

8. The method of claim 1, wherein the first direction of fluid flow is

perpendicular to the second direction.

15 9. The method of claim 1, further comprising redistributing fluid within
at least one of the alternating ion diluting compartments and ion concentrating

compartments.

10.  The method of claim of claim 1, wherein the electrical purification
20  apparatus further comprises a flow redistributor within at least one of the alternating

ion diluting compartments and ion concentrating compartments.
11.  The method of claim 1, wherein at least one of the alternating ion
diluting compartments and ion concentrating compartments is constructed and

25  arranged to provide flow reversal within the compartment.

12.  The method of claim I, wherein at least one of the alternating ion

diluting compartments and ion concentrating compartments comprises a spacer.

30 13.  The method of claim 12, wherein the spacer is a blocking spacer.
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14.  The method of claim 1, further comprising passing the seawater feed
stream through multiple stages in the electrical purification apparatus to provide the

source of potable water.



