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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 conpartnment and the second,conpartnent nmay be constructed and
arranged to provide a fluid contact § of greater than 85% of the surface
area of each of the first cation exchange nenbrane, the first anion
exchange nmenbrane and the second cation exchange nenbrane. Q her
aspect s @fchtge rdérsbdans amdea fissk portion of a pemphvoy of e sprondaniongxehange| st ack for
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between the first spacer assenbly and the second spacér assenbly. Each of
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apparatus conprising a cell stack. The cell stack may conprise a first
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cation eﬁmgﬁnm IEg'l'liiaxgﬁ-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 in a first direction between the first cation exchange membrane and the first anion

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



Still other aspects of the disclosure relate to a cell stack for an

el ectrical purification apparatus. The cell stack may conprise a plurality
of alternating ion depleting and ion concentrating conpartnents. Each of
the ion depleting 10 compartnents rra)ré' ‘have an inlet and an outlet that
provides a dilute fluid flowin a first direction. Each of the ion
concentrating conpartnents may have an inlet and an outlet that provides a
concentrated fluid flowin a second direction that is different fromthe
first dicomrisorg th¥fiest@eioh estlhenke meyntadreand arsgedmsleatiobkodiangsy spacer

positioned in the cell stack. .The bl ocking, spacer,my be constructed and
P mgedrebit I udVide s hReb aui Mo S PRLERRGRA bfes? B BRI 6 o
and a cofgamideah@fbhhslhd th a¥sdnbcatiehedchgngeehdmbrads KEachtdflthe Risher aspects
of the disclosure relate to an electrical purification apparatus. The

e: ectri c%qmrpmwerng et the secopd spmpagmenimensisutedandamangedielpredap? flaidg
t ting i il uti f ' i t ment s.
alternaty ”%tchg%‘%reéteﬁ{h'fnﬂ?s%oormﬁé su%at@%érﬁgs%gﬁ%e;fﬂg ot @{(Eh%hgé;gl@ﬁ%%r ment s

Each “of on I hg conhpar e construc atranged to

provi de the firstiadiohle@vhdnge tnehibirade, dhd Setse@nd ceachexthatdeeméemabragancent r at i ng
conpartments mai: be constructed and arranged to provide a fluid flowin a
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may conprise alternating ion diluting conpartnents and ion concentrating
conphr t nadter the dreehomel at least one of a dilute fluid flow and a concentrated fluid flow
through the cell stack.
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.



5 the ion diluting conpartnents may be constructed and arranged to provide
a fluid flowin a first direction. Each of the ion concentrating
conpartnments may be constructed and arranged to provide a fluid flowin a
second direction that is different fromthe first direction. Each of the
ion concentrating conpartnents and i"éri di luting conmpartnents may be
constructed and arranged to provide a fluid contact of greater 10 than 85%
of the surface area of each of the alternating ion diluting conpartnents
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purification apparatus to a potable point of use. 15 BRI EF DESCRI PTI ON OF
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For pur p@eesn @first daedtion. Hach oftheliyn EaTPOIRRIRg coBpai@ehidbelyad i n every
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d:c scl os Uécﬁhe&in@an@mﬂ@t of tﬁ&é’!@&ﬁb&l%uh'ﬁh&tﬁrf afﬁphﬁﬂls% a%o&ibﬁk%diﬁt&ﬂu@é. a portion
of an
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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 schematic illustration of a portion of an electrical purification

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



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

el ectrodei oni zati on apparatus conprising a nenbrane cell stack positioned
in a housing in accordance wth one §r nore enbodi ments of the disclosure;
10FIG 8 is a schematic illustration of a nethod of securing a nenbrane
cell stack in a housing in accordance with one or nore enbodi nents of the
di scl osure; FFIG. s asclensgivselladtiation bf aside sitemoef agfortiomef iod of securing a

menbr ane cell, stack in a housing.i.n accordance \A%th one or,.nore enbodi nents

of the dFESTUSinLatipp apPajgus comptisipe g membrane gl stagk pasitionedin gutog of

secur i NghaysiRTRMAaRd4RE Withorelodehort BmBodigéitsnd thd\diddefirglance wi th one or
nore enbodi nEnts of the disclosure; FIG 11 is a schematic illustration of

a method of sEq ing sehamavisriBustration pf & side kievwhofz pastien alen n accor dance with
one 8. o8 SN Ll L P P T

illustralon o n a housing in

accor danBsusivigl if adEtdaice Matheoreod aelirgeimbsdiafentshd tled disdlosig;e; 20FI G 13 is a
schematic illustration of a _nethod of securing a nenbrane cell stack in a
housi ng i n ackly-danaschgmaicilestahonst asidafisey plehpation ot #e di scl osure;

FIG 14 é@ctﬂo@m@ﬁﬁbh Q%ga!rétuéé&gﬁeﬁsgmﬁg ﬁﬁleﬁlb%fefaeﬂ sk ﬁgggéﬂeaqna menbrane cel |

stack in a housing I n accordan one or nore e I ments of the
di scl osuh@isig iGacdrdaree avithoheroaiwe ehbodihreatsi adtheodisdoswet;hod of securing a
manbgoane cell FIG. 8 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. 9 is a schematic illustration of a method of securing a membrane cell
stack in a housing in accordance with one or more embodiments of the disclosure;
FIG. 10 is a schematic illustration of a method of securing a membrane cell
15 stack in a housing in accordance with one or more embodiments of the disclosure;
FIG. 11 is a schematic illustration of a method of securing a membrane cell
stack in a housing in accordance with one or more embodiments of the disclosure;
FIG. 12 is a schematic illustration of a method of securing a membrane cell
stack in a housing in accordance with one or more embodiments of the disclosure;
20 FIG. 13 is a schematic illustration of a method of securing a membrane cell
stack in a housing in accordance with one or more embodiments of the disclosure;
FIG. 14 is a schematic illustration of a method of securing a membrane cell
stack in a housing in accordance with one or more embodiments of the disclosure;
FIG. 15 is a schematic illustration of a method of securing a membrane cell
25  stack in a housing in accordance with one or more embodiments of the disclosure;
FIG. 16 is a schematic illustration of a method of securing a membrane cell
stack in a housing in accordance with one or more embodiments of the disclosure;
FIG. 17 is a schematic illustration of a multiple-pass electrical purification
apparatus in accordance with one or more embodiments of the disclosure;

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

or more embodiments of the disclosure;



25 stack in a housing in accordance wth one or nore enbodi nents of the

di scl osure; FIG 16 is a schematic illustration of a method of
securing a nmenbrane cell stack in a housing in accordance with one or nore
enbodi nents of the disclosure, _(FIG 17 is a schematic illustration of
a nmultiple-pass electrical purification apparatus in accordance with one or
nore enbodi nents of the disclosure; 30FIG 18 is a schematic illustration
of a bl ocking spacer in accordance with one or nore enbodi nents of the

di scl osure; FEIGB 19 is a schem@tiGillubation of spadve asseinblics indsa blatkiop spaces pacer

assenbl i es. and bl.ocki ng spacer positioned therebetween_.i,n accordance with
one or . rPLIORRH Tisrhefeendp BrRETageE Bt onp &7 merembeingt Of Mie rat i
illustradikesu@f; a portion of an electrical purification 5apparatus
conprising a cell stack positioned in a housing in accordance with one or
nor e enbodi meli(s 281is 4 prhediatie ilBsirptéon of a portign of arpaleqtyead pyafiestoni c
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porti on mbreasmirldaaérts 68the disciokirept i on 10 apparatus conprising a cell stack
positioned in_a housing in agcordance wi th one or nore enbodinents of the
di scl osure; FIG. 21§ gachepaic dhtrotsan ofacblegiBgsnacer injacerstanee MGHONE a

portion &Bnglg eﬁlb%ﬁﬁﬁérﬁ%ftﬁé‘ﬁisﬁfo&%& on apparatus conprising a cell stack

positioned In a housing in accordance with one or nore enbodi nents of the
di scl osure; 15k} G3.is 2dcheantc ABtratien sfchygntion of ad ¢ledticatpuofisatoh a porti on of

an electrical purifjcation apparatus conprising a first nmpdular unit, a
Secoly” R Rl R R HE e Ao B Tt ResrBEnBRBEBE feen | n
accor danﬁgré@nggbmgltggfﬁgﬂﬁcmgi nments of the disclosure;

FIGS. 23A and 23B are schematic illustrations 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. 24 A and 248 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;



FIG 25 is a schematic illustration of a blocking spacer in accordance with
one 20 or nore enbodi nents of the disclosure; FIG 26 is a schematic
illustration of a spacer assenbly in accordance with one or nore

enbodi nents of the disclosure,; _7FIG 27 is a schematic illustration of
a cell stack in accordance with one or nore enbodi nents of the disclosure;
25FI G 28 is a schematic illustration of a cell stack in accordance with
one or nore enbodi nents of the disclosure; FIG 29 is a schematic

i I lustration biG.31ded behsmatik illustratéerovicaresplogied Miesnandghrowgh ef estbodi nent s of
t he di sclosure; FIG 30 is a sghematic illustratjo f a spacer
i accor HRE R BangPomprdnstcaisErinee wraneripdbRalitde @ 37
FIG 31 disclaswsehematic illustration of an expl oded view and through of cel
stack of spacers and menbranes in_accordance with one or nore enbodi ments
of the discl o882 is a schematigjligstraon of acrewshesden view andsietaded vigwort a

cross; segLl amvASY A APLALL Ahoh ANQTw B, hd bRl ARREIDbAfle el | stack

i n accordance nore e nents o osure; FIG 33
is a schéiprbsge;i | | ustration of part of an assenbl ed stack in accordance
wi th one or nore _enbodi nents of the djsclosure; . Fi 34 is a
schemati ¢ i| | ¥i&t Sdds dpchsmale ilhplatien apassembledstarkdn 2eeordiCA 10 one or

nor e enb&ﬂjlgﬁgl Smbfe &%dﬂhgﬁg Qm?gﬁc?gﬁe; FIG 35 is a schenmtic

illustration of a section view O stack in accordance wi th one or
nor e enbodi meRiGs 3dfis 4 behehatic ilbstratign of an ovefih@dedBfpacer in@benmddrice withl ust r ati on
of a section view %f a cell tack in accordance with one or nore

enbolﬂ metHELT FROTE FE Bflmﬁ © diy ?ﬁ“@ 37 is a schematic illustration of a
top view of apER3§es a itheRREOTINARES N A cOfth HewblaeRHRORiATENt s Of the

di scl osure;
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 F1G. 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



FI Gs. 38A and 38B are schematic illustrations of a detail of a spacer in
accordance wth one or nore enbodi nents of the disclosure. FIG 38B is a
cross-section of FIG 38A along line B-B. 20FIG 39 is a schematic
illustration of a stack of spacers ggq menbranes in accordance with one or

nore enbodi nents of the invention; FIG 40 is a schematic
illustration of a stack of spacers and nenbranes in accordance with one or
nore enbodi nents of the invention; FIG 41 is a schematic
illustration of a stack of spacers and nenbranes in 25 accordance with one

or nore enbodi nts of e invention;, . |G 42 is a.schemati.c
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In certain enbodi nents, a housing nmay n be reéquired. e geonetry of the
menbr andbatghel mepdcacs andispabers ofaydmyseewred siithin gedistdoky Isgetrinhat t he
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ur 1 el S BEPRRIES BB PR R o i B et 11 ca o0
ac comodaiandledsfof GRMG&Sridal plifi Byition apparlivl WEeNexaipld] ilekpacanthagdacent r at e
streams 'asgz('[)lmetrical to accommodate differences in ﬂow rates between the dilute and
concentrate streams.
20

DETAILED DESCRIPTION

Devices for purifying fluids using electrical fields are commonlty 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



DETAI LED DESCRI PTI ON Devices for purifying fluids using electrical
fields are coomonly used to treat water and other |iquids containing

di ssol ved ionic species. Two types of devices that 25treat water in this
way are el ectrodeionization and el ectyrodi al ysis devi ces.

El ectrodei oni zation (EDI) is a process that renoves, or at |east reduces,
one or nore ionized or ionizable species fromwater using electrically
active nmedia and an electric potential to influence ion transport. The
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operate Tn a manner 1n | Ch-wat er purification tan proceed continuously,
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hydr ogen or y%ronlun1|ons or speci €s and hydroxi de or hydroxyl ions or
speci es gdnatatehydrogmendyydtoniing rons e kpartes ane diydrokideton bydiowyldenserd t hus
facilitate the rel ease of the trapped specjes therefrom In this manner, a
water  stinesly f b Rt operhARBE ST e Soer PR et Mouc
requi ri ng)GEest e trapRenpedbdteRfrohP T BXShHaNER, 4 ReteNstream to bebte@fddr odi al ysi s
(ED) devices operate on a simlar principle as CED, except that ED devices
t ypi tal | sanchs qeotineayskyaiunifiel edthovbrstiviag wheixabischwsaing ohonwhingdes. Because
of the Iacﬁ of electroactive nedia, the operation of ED may be hi ndered on
20f eed wWate&rs of | ow salinity because of elevated electrical resistance.

Al so, becauseElebodialysis (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



operation of ED on high salinity feed waters can result in elevated

el ectrical current consunption, ED apparatus have heretofore been nost
effectively used on source waters of internmediate salinity. In ED based
systens, because there is no electroactive nedia, splitting water is
inefficient and operating in such a regine is generally 25avoi ded.

In CEDI and ED devices, a plurality of adjacent cells or conpartnents are
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i nfl uencbk@msadraemaewmd@nfaned@of 86b Ide‘aQGSatyID@aﬂV@@ted%ﬁletqp@emsﬂ etdar ged

of it t1 01 BealRR B {-BhPnet Tre Rl FupdelRecBhisky REREES BhefiBll 01 ,° =17

c har ged Scﬁﬁﬁar&ﬁerﬂi hal drk QWiSl§ pAFERING ifodned ﬁ‘oﬁlnﬂlﬁﬂ Q@ muhicatiehwilBhees,
typically | ocated at the opposite end 50f the stack of conpartnents. The
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menbrane at | east partially defi g the conce ation ﬁorrpartment. For

exanp? e, DRHEHR Preyented gropy prigratin ehfemeekthe © > QPLRGtR further toward
the cathg ent?éffon%%gnﬁ)gﬁmgﬂpﬁ Qth@dd QbchERAMIBRR! OnbYcufed iPRe Sel ective

menbr ane ce capt in t e concentrating conpartnent, trapped charged
speci es meﬂtmtngrmm@mn‘atramed@ﬂmgad spesigseambe rem@EDIin andndémratew ces, the
DC field is typically applied to the cells froma 15source of voltage and
el ect ri ¢St ent applied to the el ectrodes (anode or positive el ectrode,

and cat hode op, @ED@Md’EDQie@R:M REDC fdi®is\t ﬂeﬁgea@md %eaems fOHCce
(collectively "power supply") can be itse power ed %m vari ety of neans

suchlas s ipoliege angialentric owrrdng ap;d)cdrtpltl@ el@tq@dmﬁang rqwsiidei ved from
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the tranﬁc oBEcthkly 'Pasvet mlfpgg?:cm@e menqio&rw&i WnalvaRpaf fe@iitssch 49w speci fic
el ectrochem cal reactions that occur at the el ectrode/interfaces can be

cont r ol | AF ROIVEs SHRECRPT SpftexBplds 8 PewAT NI Gecriypd Epmswlarswing, or wave
power. At the electrode/liquid interfaces, electrochemical half cell reactions occur that

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



the specialized conpartnents that house the el ectrode assenblies. For
exanple, a feed to the anode electrolyte conpartnents that is high in
sodiumchloride will tend to 25 generate chlorine gas and hydrogen ion,
while such a feed to the cathode eleffrolyte conpartment will tend to
generate hydrogen gas and hydroxide fon. Cenerally, the hydrogen ion
generated at the anode conpartnent will associate with a free anion, such
as chloride ion, to preserve charge neutrality and create hydrochloric acid
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securing or bonding ion exchange nmenbranes and, optionally, spacers to

prodlce map elsqufarmcd @eﬂs|an§!e&trﬂckfe@*rw%hsemr@mnr8iy&tam ga@niclqcéraehesricalppar at us.
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and cation ange rre ranes uri I'on appar at us
such as gpegdtnsofithcoappatadst r odi al yS| s (ED) device. In certain enbodi nents of
the disclosure, a nmethod of preparing a first cell 25stack for an
electrical pul wn@mh‘?ﬁlna%%?%@lqu% sHsslasHEg 2 metodis PRSI conpri se

securing or bonding ion exchange membranes and, optionally, spacers to produce a

20 membrane cell stack for an electrical purification apparatus. The method may provide
for securing of multiple anion exchange membranes and cation exchange membranes
for use in electrical purification apparatus such as a cross-flow electrodialysis (ED)
device.

In certain embodiments of the disclosure, a method of preparing a first cell

25  stack for an electrical purification apparatus is provided. The method may comprise
securing a first ion exchange membrane 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



securing a first ion exchange nenbrane to a second i on exchange nenbrane. A
spacer nmay be positioned between the first ion exchange nenbrane and the
second i on exchange nmenbrane to forma spacer assenbly. Wen used in an

el ectrical purification apparatus, tfy s spacer assenbly defines a first
conpartnment that may 30 allow fluid flow. A plurality of ion exchange
menbranes may be secured to one another to provide a series of

conpartnments. In certain enbodinments, a plurality of - 12 - spacer

assenbl i pecarayscoeliconsy bacoestruaied and thesypace asseeddinbinag be segprdsiiosecured to
one another. A spacer may be pasitigned betweep,each of the.spacer
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the efficiency of electrochenj cal.separation systens nmay be jinproved.
Cur r Bt PESTeRE O dists g HorewBBRIRe SAmPHIERINL  BRepe cramelsiane
enmbodi 8 rrﬁ%p&)r@ﬁ“srslﬂ hiHRY QL ¥drBth AafeHasR kAt dARHGE and REop@ient i al for
current eéia ma be addressed. Current efficiency may be defined as the

per cent a)e defiredftuid Aowithmugh theebfrparttingst. i n novi ng i ons out of the dilute
streaminto the co centrﬂthe stream Vari ou our.ces_of fcurrent i nefficiency

may exist in SrCEPERRGe AR MYUE SRRt NG LRPE Vet ect r i cal
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current that bypasses the cell Eal rs (pairs of adjacent concentration and
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fluid co OW CO reduce pressure drop in
each fl og¢fipall Bs RYetcetfagt bEcBT@REtHat Balffective @hoVifipivne bt ¢l tRedilwde to the

ot her may 25 bypass the stack of_cell pairs by flow ng.through the open
areas. THEaRyB ¢ gQfiGentsate stream. Various sources of current inefficiency may exist
in an electrochemical separation system or electrical purification apparatus. One
20  potential source of inefficiency may involve current that bypasses the cell pairs (pairs
of adjacent concentration and diluting compartments) by flowing through the dilute
and congcentrate 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.



reduces current efficiency and increases energy consunption. Another
potential source of inefficiency may involve ions that enter the dilute
stream fromthe concentrate due to inperfect pernselectivity of ion
exchange nenbranes. In sone enbodi nepys, techniques associated with the
sealing and potting of nenbranes and 30 screens within a device may
facilitate reduction of current |eakage. - 13 - In one or nore

enbodi ments, a bypass path through a stack may be mani pul ated to pronote
current fl ow blwrgrmae embodipwnts, 2 hypasgbath threligh s stadkmgpbas to i nprove

current eff.icj . 1n sone odi.nents. an el ectrochem cal separation
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and/or a ution systemconfigured to pronote current efficiency.
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enbodi nents, a current efficiency of at |east about 70% may be achieved. In
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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



- 14 - to as a blocking spacer. The bl ocking spacer nmay be positioned
within a cell stack, or nmay be positioned between a first cell stack, or
first nmodular unit, and a second cell stack, or second nodular unit. In
sone enbodi nents, the plurality of jgp_exchange menbr anes secured to 5 one
anot her may alternate between cation exchange nmenbranes and ani on exchange
menbranes to provide a series of ion diluting conpartnents and ion
concentrating conpartnents. ~ The geonetry of the menbranes may be of
any sui tta@Bé%@tMtspyceguahe blegking spacee may dapositragedwitkia apel dtagktdii n a cel |
stack. | I ) i ment anl artd cul nupher pf cornens or

ver it cedhah ot QuRTREMAR Y s B shekri S p MR PLasf LRI, & e el
st ack wi dtdtknoBsebonbinb@ulad yhigert ai n enbodi ments, particul ar nenbranes may
have different geonetries than qther nenbranes in the cell stack. The
geonet ri es ofIntsEcpEgdups, thaplpalivpiden exchapsgmembranphsegpreddast one of

secury ”%rfe%oﬂi%m%gﬁﬁééﬁ%@ gﬁ@i‘ee\@“%?ﬁé}ﬁéxgh%ﬁ%ﬁn&%ﬁ%ﬁ)n"@x%ﬁﬁn@et he cel |

stack, to secure ar unit, to secure”nmenbranes
wi t hi n ansmppoed togtrovidd aseriestod iaadilutieg @omparipents ank idarc@neststiah as a cel |
stack to a housing, and to secure a nodular unit into a housing. The
menbr aneOMREHREAISs  and spacer assenblies may be secured at a portion of a

periphery or ﬁ@&oﬁfetrk%?tﬁ@ﬁ%@ﬁﬁ@s maPBE S sy RitaBIL3EGhedy SRARhdtES. A
portion of a 20 periphery may be a continuous or non-continuous |ength of

t he nmentthamemlspws eray berscaped withsseatltack. Theerpon einbodicfentsha peri phery t hat

is selected to secure.the nenbrane, spac r _spacer .agsenb may provide
= bolnady IR FIER OF SO0 BELSRIIou P Ol S AT BT B0 oot one 11
certai n RMEOIIsBRE e R11RRERAGHhE a ROBR 117 GeAaif @hibo8intels, PRYicRIaAPr i se 25
securing a first anion exchange nenbrane to a first cation exchange

menbr anemgmbegnes mey hinsrdiflenogeomeatressi tharertherghembrangy inghe egll sarkexchange

navi ng al T estieficioh e b pee 5 B See AR )Rt el BB s beblin€ ' ng &

second ahé aietntbeaits iYend@itHANS stauré Keackds vathi€ ticicel skiskiaRgrirdenbr ane at  a
second portion of the periphery of the first cation 30 exchange nenbrane

and ¥ fipepbiaet Wihingrmedylanynith o seowe marabranssonghia AisBpPaskERERER to
secure a group of membranes such as a cell stack to a housing, and to secure a
modular unit into a housing.
The membranes, spacers, and spacer assemblies may be secured at a portion of
a periphery or edge of the membranes, spacers, or spacer assemblies. A portion of a
20 periphery may be a continuous or non-continuous length of the membrane, spacer, or
spacer assembly. The portion of the periphery that is selected to secure the
membrane, spacer, or spacer assembly may provide a boundary or border to direct
fluid flow in a predetermined direction.
In certain embodiments, 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 - menbrane to forma second conpartnment having a second fluid flow
path in a direction different fromthe first fluid fl ow path. The
first fluid flow path and the second fluid flow path may be sel ected and
provi ded by way of the portions of _tﬂ)e_ peri pheries of the ion exchange
menbranes 5 that are secured to one another. Using the first fluid flow
path as a direction running along a 0 axis, the second fluid flow path may
run in a direction of any angle greater than zero degrees and | ess than
360. | n membzing tefibodi ssertdconipartrentihadhs secend flhisl feeoall ifbui d f1 ow pat h

may run at 9Q..anal o, rpendi.cul ar, to the first fluid flow path. In
ot her en‘ﬁﬁeﬁﬁﬂ%a@f%%@%@Sgﬁﬁqﬁ“ﬁpa‘wﬁaﬁw path may run at a 180 angle to the
10 first fl uiphdfigwimatidw pdih aROHRQEcEATRAN MBRtpatl My bé Edléctéd aidd 1 ow path
may be runnlgg in a direction of 0. The second fluid flow path may be

runni ng rreviged bumay &f thei nogtignsuif dhef pegipheragstpiieg/ lopexehpngs mgmbranes0. " A fourth

fluid fl a WA r i.n I HLd | 0.0 e _menbr anes
are gec utﬁé\{oa? ¥ (g)&tuﬂ% tg gﬁ? a@@g%rk%s?gpt?%\fﬁr%efﬁl ?‘ghé‘ggﬁgﬁ Biia re?é%gg'?@%nt s, the
fluid flOengabhsxis,nhd fessd Adidiflovopah neaymatit sehésiony abpatdle geawe or
different fromthe first fluid flow path and _the second fluid flow path. In

cert ai n BAbEIP feerees anddessithan 3K Segrumembodinwetsof thedisdeswa therent s

al t er nat i i ol p : i w pat h.
For " exarr ot BTl il ol I o0 eP B P s e o e
runni ng path.alndithe@cinbodinednts) theldeeoDflsid dlmwdpdth wiagh rivh eva p¥i°hangle to le second

conpart nent y, be runping . in a direction.of .99, .and the third fluid flow
pat h n TREE o0 e B AT0EHE BB (i fiRg O S5vpyth v tenige |
certain ;@%aiRl-8sn o0 ITBtseddridi #hid FIBW J2@ May WO RiMhd 4t 68° fdnliSithidi r ection, and
a second fluid flow path running in a second direction may be referred to
as cr ossfliifl Aevepatic tay balrunming 44 1C4F.1 Arfoudls finidofildve patbmycbhemminning at he f 1 ui d
flow path in each of the conpartnents alternates sequentially between a
first fl'urd flow path, a second fluid flow path, and a third fluid flow

path. For exampli@tioad)§or éxchhndd térbiaheyvrd sédurddrotthecdll stsdk 16 prpadd ment may
be running in a direction of 0. The second fluid flow path in the second

conpkr t reskitiongl casepartienisn thealuid flowaathstin ghese pdditipnal compugpesa ey n t he
third 3 i BQ.: T i th i
e oor MRS PR b e AR PP By TR O bbbl b P

first fligicdrthinembpdinients, tHbfluidiflowt figth T ¢a8h of drfuadpaanientatehatesUNNi Ng in a
direction of 0. _The second fluid flow path in the second conpartnment nay be
runni ng twer a Sxsitviddiompath apd aserond g Hew peth. tis cxamplg, @g%ﬁ%{r t ment nay

be runni - T 1 40 he:fo h npart ment may
be runniﬂ]nlgdz%)vv]o-&ﬁ'}h ﬂ%@ggér%;é g&ﬁ%ﬂ?%ﬁ%@fhgd&f?gttlz({nods&lrjdroé,mtg he fl ow

wi t hdon  asecamdofiuit] fiomt patinin the sexhind sbmgartmendi may bbnmethg inr direckiareaft ed t o
provide greater caontact of the fluid wth the nmenbrane surfaces within the
Conpar ¢ it ancrie SaBp D ey 8 G RSl R e SR ¢ o

redi strifpiod bEod thlceMainekiinBlet NERSOMBRTTFERMth niiienLRANDRAGE ARRtioARY have

obstructions, projections, protrusions, flanges, or baffles that my
provi de aud a second fluid flow path running in a second direction may be referred to as cross-

flow electrical purification.

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

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

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



10structure to redistribute the flow through the conpartnent, which will be
di scussed further below. In certain enbodi nents, the obstructions,

proj ections, protrusions flanges, or baffles may be referred to as a fl ow
redistributor. Each of the conpartnepts in the cell stack for an electrical
purification apparatus may be constructed and arranged to provide a
predeterm ned percentage of 15surface area or nenbrane utilization for
fluid contact. It has been found that greater nenbrane utilization provides
gr eat er fth¢ Brstpempartentmiey bypunaing ona gfreqti@@ o#108cThe ssgbng {pidfilavat i on

appar at us_, Adyant ages of achi evi reater nbr ane, ut iyl i zati on, may i nclude
oner - engiy BT GRERoBRaRERb oS SRR o0 ARt bt BRage pacses

t hrough nhge ﬂﬁﬂ&foﬁ%ﬂﬁmeﬁﬂﬂaﬂﬂb@hﬁﬁli@b@mm{ Pheodueh oaf Bsw phih is @id ai n

enbodi ments, the 20 nmenbrane utilization that may be achieved is greater

t han 65960urth comparMERFa# PRWRBINZEhE°. mrembr ane utilization that may be

achi eved is gfe I Eﬂ . 750 ' i%gEB)tEaH nbr ane
util ?52 ation tﬁla%hﬁgly erag%%f{gesfe e(g%fogig@g@%g@ gvr&[lﬁg% 0 eén?r%% rane
uti | i zat beomdjussd, baliatibhted st redireptltto grywitedgedteraontaoeofithe flodbwitlséd t 0 secure

each of the nenbranes to.one another, and the design of the 25spacer. In
order t oMEWPENG Sufnes athin the SaBPALEERt, lde semPREmENtIRaY Brensiisted e securi ng

techni qu t | ' reliable
87 AR sf@?mg‘?{bgtmd BewSERIRR IR b Ringiel. TR l@tgxgi%zﬁ"bﬁ?en@

and secure sea ws optimal operation of the e rical
puri f i cambphawpgstrattions, prbjebierts, protosints fianges| edadiies thattrhaynpioheleappar at us,
rea of nmenbrane th sed in the

whi | I nt ai ni l f b
pr i)cgosrsn.Sl é@g@%&qﬁ%&% at[ag@e %Votﬁ‘gq?ﬁggﬁléedcwwn&l}”( l?ib}”ﬁ} Pr%n&%‘éuslg ensuring
mat i ng  beiMEER:ISRE INBHMPARBoERAS, tg@ oegtftatﬁgd%é ?T)bﬂﬁediii%ﬁ&,r[ﬁ&rﬁskdﬂsd flow path

through - 17 - conpartments defined by the ranes. For exanple, sealing
may be adangepldrdadlesmaydghelsingdso agx hBowaedigiohdiong by | aser or ul trasonic

1l 10, O BTl 1 294N G508 SrGBARIPLS, U0 T
exanpl esappafuitdOis belednsaudtediidieanged lo SroaRi¢.a predetermined percentage of
15 surface area or membrane utilization for fluid contact. k has been found that greater
membrane utilization provides greater efficiencies in the operation of the electrical
purification apparatus. Advantages of achieving greater membrane utilization may
include lower energy consumption, smaller footprint of the apparatus, less passes
through the apparatus, and higher quality product water. In certain embodiments, the
20 membrane utilization that may be achieved is greater than 65%. In other
embodiments, the membrane utilization that may be achieved is greater than 75%. In
certain other embodiments, the membrane utilization that may be achieved may be
greater than 85%. The membrane utilization may be at least in part dependent on the
methods used to secure each of the membranes to one another, and the design of the
25  spacer. In order to obtain a predetermined membrane utilization, appropriate securing
techniques and components may be selected in order to achieve a reliable and secure
seal that allows optimal operation of the electrical purification apparatus, without
encountering leakage within the apparatus, while maintaining a large surface area of
membrane that may be used in the process.
30 Sealing may be accomplished by any suitable means for ensuring mating

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



5 multiple spacer assenblies are constructed and are bonded or secured
together with adhesives applied at portions of the periphery of the spacer
assenbl i es. Spacers are positioned between each of the spacer assenblies
secured together. In certain exanples; the spacer assenblies may be secured
to one another at a portion of the periphery of each of the spacer
assenblies to provide a plurality of conpartnents 10 having at |east two
fluid fl ow paths. For exanple, the spacer assenblies may be secured to one
anot her tamparonangedesingd by theoverpbranese rtor kauplg, wakingmdy be eeeoputlishédh a first

di [ d d having.a f]uidcf] h i d
e o AT GBI RO i b

i nt er | ocihfige b€iatelbeiSingB¥r HRMEE dising ndlONhdiRnidefcanigantdipRes. 151 n sone
enbodi ments_of the disclosure a nethod for preparing a cell_stack for an

el ect r i cEPMPANES preder spACeD plarcstteis cxamples e SoRdIugt AgCEORPRCEsies. A first
compay t nlglg}tg)rl?ypa %rats&mgs ¥ c%ﬁ%[ﬁ{;:lte%ga\?:d%?e ﬁ&ﬁ-@@&%g gecmab[ﬁ&gﬁé‘ With ON€é anot her

to provi I'rst Spacer asse ng a fti1rst spacer-di sposed between
t he i on sitekisagspiedirmreens dFolie gcphplyaf the fpacatassatblion Bpissnge nenbr ane
may be 20 securﬁd to a first ani on exchange nenbrape ?t a first portion of
a peri phtsjiiged beween gagh of the gacenas s RE°thTd 'R REF R st ani on

exchange, L2 fife sh&:ep_’é&éfnﬁﬁesamﬁ} bSLecARAGE bnSRARG Y a BEMIOADFEd | TSt Spacer
di sposed betweén the first cation exchange nenbrane and the first anion

exc hangepariphbryaofeachiofSthe spedecanpablissao pravide dplufadityreltcomypastesnts ng i on
exchange, nmenbr agnes 25 t. ne another to provide a second s er assenbly
pavi st aesp e B e Gt reuRrRrBe sio L SHANGS TGS ance. For
exanpl e, s@uA%Q Bk IR 180N RIRGES AEIHMN FReh AR Ma R §ﬁﬁ1éi][fﬁﬂw p&hangecond cation

exchange nenbrane at a first portion of a periphery of the second cation
ex changefirstdieciine anthd sedoad sempartmertiharing @ flevwrmatibinegnseced provi de a

econd RO B aRge ASRED AR, Fn PR BBRE e PR R B ane. -

18 - may Pe Gkddrtd pesidatht @Bmbartynthe forned between the first conpartment
and the second conpartnent by securing the first spacer assenbly to the

secofd spacerinsogEmmpdiagis piihp dscloserianpethod fos peipating p eplé siagler For

| e, i ) . h d
CaD B B PR S ARSER St B EAESUE BlibAL R mgeond, spacer
exchangecdimppthashe mran de d@rneddgrsetwringobn ekehapgs inphdraneoto drlecanstieotd ani on

exchange nmenbrane to provi a stack assenbly hayjng a spacer disposed
bet ween PIREIGE ia?fgfﬁt SPRGEE é?seavg&bﬁmg %EEF" PW@%‘@EWE‘Y Eﬁ&’@@% g’&é@%rrbl y.

o S SRS 00, e 0 R i b const et
t he 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.



10 direction of fluid flowin the third conpartnent. For exanple, the fluid
flowin the third conpartnment may be running in a direction of a 0 axis.
The fluid flowin the first conpartnment may be running at 30, and the fluid
flowin the second conpartnent may _bﬁg running at the same angle as the
first conpartnment (30) or at another angle, such as 120. In another
exanple, the fluid flow path in the first 15 conpartnent may be running in
a direction of 0. The fluid flow path in the third conpartnent may be

runni ng at 60A thindicarhparfobani chafy [beiomzedibetwieeniibe St orrdpaonprandthst nmay be

running at 120. A fluid flow path.in a fourth c artment may be running at
0" "9 Bond Smsaamaibhy sy ng R ub oBins AL RUPE PFA P HEY eripl ed col T
stack W dshirmiblg, £ BQusitEing a spacer HRerdG@REGA TR eXdrhple ORE 10t sPREE

enbodi ments, an el ectrochem cal separation systemor electrical
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depend oHsRased befset theirstappces assembhhand the peegad srveeaspsyPl¥onded and pott ed

naframe vikfnd ROGEAIANLEIAL hif Ge'salofa RSk g cross- | eaks and

ot her performance criteri a. en er can be based on“statistical analysis
of the nmmsiadédaridngrapgategsoddeadaactivn affidcfsedhass giffowas foBtheont r ol s

i mprove. .ln.so ngn:-limtgi enbodi nent a nodul ar unjt may include about
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embodi nefirssgompaciatdnt siap bk remjnde 300anddbe nidfldw intbe aecond nodul ar unit t hat
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aesent SPGGELIEE B¢ gk uratrariaiy =< hy BN b thartB B B pai s i
an el ectfpaRerhdal suSERATAR! MM akleNdreRamplR, SR TRIEIBAPatfEiRltEe fidh assenbly

met hod may generally involve placing a first nodular unit on a second

nodulfar @mpErtmenhERy fe g ia adbepgtion o0 t Therfluid opi path inghelthdscond nodul ar

uni . A0S BRRALHAO UL RARAl k03 BUMARLINAR! pIRAMIHAL AL S of @ desired

nunber n*sone” € I men the asse or nodul ar units may
be i nserdoasparthict mapbe sminig a0t Affhuid 10wqs ata fotrth bbihpartpassndyl ow
configurations may be possible with the placenent of bl ocking menbranes
and/ or sisdeBRELEEY Meen nodul ar units or within nodul ar units. A nodul ar

approacn may ”{/H@;rfxgtg&fi gﬁ?%ﬁ%%@h% %e‘éuhﬁgfh‘érag&nﬁﬁ%& delifs &Q%‘E}R?% savings

. 1Tt
Modul arity ma crirttate stem maint enance by all ow ng r the
di agrosilsusingol ati on, renoval and replacenent of individual nodular units.

I ndi vi dual 15podul gr units may include manifol dlle”@ nd.flow distribution
systems to fagiaFegineeaHiterisc IR EMPEdIm Bl 3 SiF brBimiced SPata i cua
modul ar ehSor BCHRG brifidddbf a@%ﬂﬁ@d@hﬁ te Mol drN FRBIEmBRRLPEN mas Wel | as
with central manifolding and other sysfens associated with an overall
el ect r octeamializ/furstion aa b isenblock o€ ais overhié cleetrdcheménak sepaativs sygewr éd within a
frame Orm(s)éllﬁgroﬁntit 1%5)5 H‘l%}u E%nj? Q0B e Humtiber 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



20 an inlet manifold and an outlet manifold to provide a nodular unit. This
nmodul ar unit may then be secured within a housing. The nodul ar unit may
further conprise a bracket assenbly or corner support that may secure the
modul ar unit to the housing. A secong, nodular unit may be secured w thin

t he housing. One or nore additional nodular units may al so be secured
within the housing. In certain enbodi nents of the 25di scl osure, a bl ocking
spacer may be positioned between the first nodular unit and the second
nmodul ar @stied,. sugh 4 owleakalies sepatmtion perfaymaree préprepiure droppeiovto baske of t he

conpartnents of t.he cell stack..ln_ass .ing the.cell stack fjrst
portion Wo?ﬂ@tﬁépﬁ)p%%%?r 8*3?%' }%Wr%exe e%n%é'gelﬁ%r?bcregr? aC|i(r11n a[yﬂaée %%lﬁ}tedst ack may
be constmuckate angdmadanangdtihabcdnHeatt@binditndbntly. aA bivrdlity pofbotialar of a

peri phery of an adjacent ion exchange nenbrane, In certaln exanples,

a
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di scl osumethod a3l geaémallg alvoprerpiddiagd fiosn nadpkar ahiton e ceqond shcipla vait) | stack is

provi ded. The electrical purification apparatus may 5 ¢onprise a first
corrpartn%lﬁ?m%Bﬁ}’HFq%lpﬁblaﬁ"b‘Ht‘é‘k@ﬁﬁﬂém BN Mu;‘i&“ﬁ%?ngéef’@%tpuct ed and
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65% I n other inents, . the. rane ut.dlizati,on.tha be achieved is
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| ar ge sufyPEES agrastatesk Wit ap pygrall eleglroshsinicnd SeeEriion Pregsss: pr ocess.

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

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

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

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

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

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

second modular unit.

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

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

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



For exanple an electrical purification apparatus conprising a cell stack
may be provided. The electrical purification apparatus may conprise a first
conpartnment conprising a first cation exchange nenbrane and a first anion
exchange nenbrane, 25 the first coqpﬁignent constructed and arranged to
provide a direct fluid flowin a first direction between the first cation
exchange nenbrane and the first anion exchange nenbrane. The apparat us nmay
al so conprise a second conpartnent conprising the first anion exchange
menbr anecaasiguciedasbartinged foonteglech witha frrstrpmraercof pgipbeiydy aa adjacerst 1 ui d
flowin a second direction between the first ani on exchange nmenbrane 30 and
the secowd“@ation exchange nenbrane. Each of the first conpartnent and the
second conpar in@ite dibdiBertOOShE Uik RewaNsh Aedtaedg @dﬂﬁ@a@h@p?ﬂ@u@
predetermned. -21 - nmenbrane utilization, for exanple, a fluid contact of
great er eQEpTiSgEng edll siaek is provided. dhe glestricahpurificatien apnarays WX hange nmembr ane,

the firs i C . t I nge menbr ane.
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direction of fluid flow 'If additional ion exchange nenbranes are secured
to the cedntacst bedertam gabmdindentsdbié miembedne siibipatianibaiteay baashitivedst i on of
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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



I n sone enbodi nents 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 conpartnments. Each of
the ion depleting conpartnments may have an inlet and an outlet that
provides a dilute fluid - 22 - rovhvi)]in a first direction. Each of the ion
concentrating conpartnents may have an inlet and an outlet that provides a
concentrated fluid flowin a second direction that is different fromthe
first dimewbraos utilizasioacter exayplbe fadiconteried grentertibancii obthgskilackhe spacer
may pr ovallrge t%r glctturt? tg F}nd defltr)le tglgeﬁosgaﬁrtrrecnts andm}n certain 5
exanpl es™hY B LET SPUITHEEMPEETHEP NG FIOOWIPRFEUgRETREIRENR AN ment . The
spacer nay s@®na chligtdkichghgeRaabrand)i ShleBRYnb 6f heTEitcisipadmanchndth@nge t o
redirect at dIseast onei of Tluid flow ang/ih_el ectr%fglglb]@c]%rrent t hrough the cell
stack. AFCRGYURRAE @_}en Y sPHeRPYSIHISee 1%??%_ OCYne ppvent el ectri cal
Cu et ST AL BRELATA Aot BEELRLTLGR, BT AR B, BRRAAE. 101 some
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may be constructed and 15arranged to I

e afluid flowin a second
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cell stack. Each of the first ion exchange nenbrane and the second ion

exchangetortherfirsadiccenedyluiskilem. Hrridditioaslcina syehanesrivembrangs ag seeirgdn exchange
menbr ane. JFor ampl e, the first.ion exchange ran be. an ani on
exchangetoég%‘?lgﬁ%‘{mgr%m??iueeaidétéod’ﬁhcqlg??@%ﬁsa%&e&%@ I}Sﬁ%‘ﬁ%%@ a cation
exchangeths®Rdadaifal cothadiitatsdhaSbd iy shivé bhgitfeeiiohSle firdlldaekiddnpfspacer
positioned in the cell stack and constructed and arranged to redirect at

| east5 onBuigffloy and the secopdidireqtione! Al Bowoht eitaiperabedigieatsfthew 25t hr ough t he
electric i.Fhcatd Qn. r I ' 3 pat h
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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 redistribuior

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



- 23 - nodular unit in the housing. A second nodular unit may al so be
secured within the housing. A blocking spacer may al so be positioned
between the first nodular unit and the second nodular unit. A flow
redistributor may be present in one oy nore of the conpartnents of the cel
stack. At |east one of the conpartnerits may be 5 constructed and arranged
to provide flow reversal wthin the conpartnent. A bracket assenbly nay be
positi oned between the frame and the housing to provide support to the
nmodul ar flewtin afigst doregteau iach hiéthevehutencertrating womparmeife nvysive gn I n

certai n enbodi nent f the.disclosure tion_of the.peri ry of the
Con excrinahan i pitvides S EpRetiErea PR IONE r teehdBrBP BB et ed o
coat ed Wiifferedt HOmRE BFdt Are@ROnAN §AcHON BEepaiticird andedell s@EK €hdond Wi th
the securing material, such as an adhesive, and the conponents of the cel
stack. Aspsetimayapravidayirpeiuisite andidefingrihe pempyieaisandyiihesitailes, or both to
provi de nt i - Sl I i e i to join ion
exchaﬂge&ﬁa@%%saﬁ}edg',%{gsé‘c’z%ﬁ%%%gg?@r&hfeﬁl%?lﬁz}g? oﬁl%ecéglﬁ%ﬁlégaheﬁ%e?gﬁe% The seal
gan(cji maymay 50a plrkindspsdep pich thay bheonsriudctpdaid/aredngt erelirecranzastne. The seal
and may prevent or mtigate adhesive -t hyough or ,w cking of the
adhesi ve?nethéP’é‘bﬂo‘éﬂap@\ﬁ}eﬁﬁicﬁb@%’reaﬂﬁé@-}%}’%é"g{ﬁt ‘%r Brussy: t8e spacers and
A an%&&ag&ﬁagér mlffeaﬁsé&dr}ﬁ@v%% elg,@t)‘icé‘ll QPreAORLfHcRALRS (PmIbRRLRA menbr ane
utilization based on 1ess adhesive being used. In certaln exanples, the
seal bangurifeptibeagppdtosed to the spacer by injection nolding, conpression
nol di ng, coatjng, or the 20like. .. FI G .Shows _.a spacer assenbly 10
t hat "%conpri seié" S%ﬁ?iegwog%ﬂﬁ%@éﬁﬁgﬁﬁpé?@ %?C%QWZ(PEP&%W, BRF2ESDn exchange
menbr aneyi0ded TRe SRACRES rh e SRR BmPELRe RItSRAGES ionmaY al | ow for
adhesiv§#106eto be appl?%d?ﬁ%%gﬂ%enbranes ﬁa§®be gealed a_?ﬁg two opposite
edges bydiadingsompsrimentsynd eroentenivatiog pempatrherityuleach of the RBaldating e, | aser,
vi bration, or ultrasonic | di wi de,range. of adhesi ves n be used for
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and ar on@itdeGioRMEAS GFUhd 16 cREMiati AN EortipRirhaiiemay B8 c¥istiuctee afl@scri bed in
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nembksaneareasiged to prowidy aghidhEawin aisegon direpfionaiiplds difterend feonnthedistmar i |y on
t he pred .l n I [ 3 ' ' ' I hesi ve may
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two adj sdesiodae j peé)(q@§c_eco%d ion exchange membrane atasecon(Y enc}/\f)]tl tﬁe cgll sstgck.on S ©

Each of the first ion exchange membrane and the second ion exchange membrane

20 may be an anion exchange membrane or a cation exchange membrane. For example,
the first ion exchange membrane may be an anion exchange membrane, and the
second ion exchange membrane may be a cation exchange membrane. The apparatus
may further comprise a blocking spacer positioned in the cell stack and constructed
and arranged to redirect at least one of a dilute fluid flow and a concentrate fluid flow

25  through the electrical purification apparatus and to prevent a direct current path
between the first electrode and the second electrode. As discussed above, the
blocking spacer may be constructed and arranged to reduce electrical current
inefficiencies in the electrical purification apparatus.

The cell stack for the electrical purification apparatus may be enclosed in a

30  housing with at least a portion of a periphery of the cell stack secured to the housing.

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



FIG 2 shows spacer assenbly 20 conprising cation exchange nenbrane 200,
spacer 204, and ani on exchange nenbrane 202. Spacer 204 separates cation 5
exchange menbrane 200 and ani on exchange nenbrane 202, and may define the
fl ow conpartnent and enhance m xi ng #nd mass transfer as the liquid stream
flows frominlet side 208 to outlet Side 210. FIG 3 shows first spacer
assenbly 30 and second spacer assenbly 32, separated by spacer 304. The two
assenbl ies are bonded together by adhesives 306 10 applied_al ong two

par al | el medgjesurtihiatthaheusper peprtond madulas unihmag aljedesbewediyithwdhed in t he
assenblies.. Spacer. 304 sandw ched, bet ween t.he t bl fines a flow
channel 1 2SEBRRINE pRean R 50 bE BURSE Rieltnd BREFRALEF i, ,"Che

streans 4ddawt Bohd hRdghr thie AVELvASRISHiht@SmapBe SlREM ibynd dten@eiws. The
resul ting nmenbrane cell stack when conpressed is shown in FIG 4. As

15shown, the semparigents phibe cclh seeibAylead oapaf thecogwadmenis saaydie assenbly 42 are

secured t Vi | Iy e two spacer
asserpl | SRl Bihued B BRE ARG Tyt T Mo R0E AR A bl "2 o a5
may go iasanbliymsdy b positionedbetwaen thetfluend dravhe hdusidghtopuepidé hipponnpar t ment
defined between the t spacey assenblies.ppy go in a second direction, as
i ndi cat e@e!ﬁ‘y)dﬂ“- ua#%&% %eﬁwﬁlt% mQ.SUIQDWHEWftF‘?HtBeg‘PW%n the first direction
may be a di | Ul RetadldnRANAGs 5tRe ilskiodurk! PPortibn bPtheSRABRGy BF iRGbA ON MRy be

a concentrating stream In certaln enbodinents, the flurd flowin the first
di r ect i osxchangeleercmuesrdrdlk spaces aotheenll stack mgy b treated andoatérewithai d fl ow i n

the second direction my be converted to diluting.streamwth the use of
pol all 1y RSO RE e aapeRcs o sopd ot e séffe BRRbidhAs us

rever si ngh {dhesive hi SR EAtQBf the cell stabld! Al sBﬁlﬂaaﬁ@%Fa?'be@ﬁ@ﬂﬂ&i es separated
by spacers may be secured together to forma stack of cell pairs, or a

menbr anethe epacerst meinbranes, or bficopredds & eentinyavy furtaae kpon whishedhastveof t he

present disglosure.may further conprise a i t cl t he cell

O ook APy B Bt TR bt P Rined SRR orifesl Syt S PR Ry be
secur ed fhmembiRed) O 928l bahd i BscOfrosidp Bafgorstolthe et pheryf the positioned

bet ween the housing and the cell stack to provide additional support to the

- 2515 cepmbengekhe yosbbandamay migyentios snitigaip adhssivevethiough PoV#&ingnd out | et
) S 00Vt AL 3 Bl gl 2 T
appar at usembthntatogethed . ThEhsealedaads mag also puntribuead igeoatcappattatnes may further
conpri s eutﬁizzgglg Qa(tjsecrlrgg lllelsg Etdllljeg{\}e b%iei\z%uursg(g fg (;[err]tialrlll éxgglples, the seal band may
be applied to the spacer by injection molding, compression molding, coating, or the
20 like.
FIG. 1 shows a spacer assembly 10 that comprises cation exchange membrane
100, spacer 104, and anion exchange membrane 102. The spacer 104, which may be
a screen spacer, may allow for adhesive 106 to be applied. The membranes may be
sealed along two opposite edges by adhesives or by thermal bonding techniques, for
25  example, laser, vibration, or ultrasonic welding. A wide range of adhesives can be
used for the membrane side seam, including epoxies with aliphatic, cycloaliphatic and
aromatic amine curing agents and urethanes, as will be described in more detail
below. When adhesive is being applied to glue line of the membrane cell, it may be
beneficial if the adhesive remains primarily on the predetermined glue line. If

30 viscosity is too low, the adhesive may run or drip off from the glue line. If the

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



5 housing. A spacer, for exanple, a blocking spacer, may be positioned
between the first nodular unit and the second nodular unit. A first

el ectrode nmay be positioned at an end of the first nodular unit that is
opposite an end in communication w th, the second nodular unit. A second
el ectrode may be positioned at an end of the second nodular unit that is
opposite an end in comunication with the first nodular unit. 10A bracket
assenbly may be positioned between the frame and the housing of the first
modul ar uni t , fitleespsesronal serociulitemazubg ¢ncapsuldsed withifithe adhgsive whidhsadshl y may
provi de SURRU Ll Ot hentrmd r units, and provide for a secure attachnent
to the housing. Tn SHe" NG ANt of the disclosure, the electrical

purification BIRArsAbWS spmYr ﬂs@ezﬁﬂg@&ﬁﬁiﬂr@ﬂlghﬁﬁ&@éﬁ&h@gﬁ émBraf@nbe,ane cel |
stack into a housing or vessel. Endplates nmay be provided at each end of
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the fluid strea non-netal|ljic sleeves. A non-netallic endbl ock 520 may
be inserfg%@‘%{ag‘égggﬂi‘?@“@éﬁlg%g%k 516 and endplate 512 at each end if
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t hr eadedihk QskeRric "Shadbtt 0428 AdwitBe FhAWRel the TvFasfmbERIRIRLea 40 My be
attached by flanges 649. As shown in FIG 7, endplates 720 may be attached

by cl anpthanpd forsasdeond straamthet ia peipediyulayalitckberpt. thasreamsdimvisgbodi nent s
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The resulting membrane cell stack when compressed is shown in FIG. 4. As
15 shown, the first spacer assembly 40 and the second spacer assembly 42 are secured to
one another, having spacer 404 positioned between the two spacer assemblies. The
flow path through each of the spacer assemblies 40 and 42 may go in a first direction,
while the flow path through the compartment defined between the two spacer
assemblies may go in a second direction, as indicated by the arrows in FIG. 4.
20 The fluid flow in the first direction may be a diluting stream and the fluid flow
in the second direction may be a concentrating stream. In certain embodiments, the
fluid flow in the first direction may be converted to a concentrating stream and the
fluid flow in the second direction may be converted to a diluting stream with the use
of polarity reversal where the applied electrical field is reversed thus reversing the
25  stream function.
Multiple spacer assemblies separated by spacers may be secured together to
form a stack of cell pairs, or a membrane cell stack.
The electrical purification apparatus of the present disclosure may further
comprise a housing that encloses the cell stack. At least a portion of the periphery of
30 the cell stack may be secured to the housing. A frame or support structure may be

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



in the housing by segnented or snap rings inserted into grooves at the ends
of the housing. The endplates may al so be bonded to the housing by

adhesi ves. A netallic endplate may be fabricated, for exanple, by
machi ning or casting. A non-netallic,endblock or endpl ate may be
fabricated, for exanple, by machining a 5block of plastic or by injection
nol di ng. Once the stack is positioned in the housing and the

endbl ocks/endEI ates are secured to the housing, adhesive may be applied to
seal t heceltstesk. {Tbe fiamemoaysilsycamptiseonlesmprifdds 4l quticbmanifeldpithet et nani f ol ds
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anot her Rusification apneeatys manirthermprise drseedmadiieraecetrgd within ehousi ng,
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surfaces. The diluent could be diglycidyl ether, diglycidyl phenyl
di gl yci dybddatrwenit thatds oppreits an 26T necomenimicatmnoreith the fiirguwnabilgyamitnent s nmay be

bout 0. 33 46 nm t hi d,. i t aj | he. pot be ai
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the housthp gir& Aiduthr BRIt EE Secbh® hibdhifd Gnik 1R baid eTRARAKEERDerhBlySREHT €
menbranes to one another; this may be because the pot nust have enough

mechani crtbvide sepngrirtotthe mpdidet emis, ardeprowidg ifor ofecure pitpdhveamétosthack. | n 25
certain enbodinents, it may be desirable if the pot did not deform under
f eed f|O]%)L8W§SSUI‘e. The housing is first oriented with the

| ongi t udi nal Iaxing ehdbtimt af the isclosBresihe\etecaital pRifiadonhpmipabyinag adhesi ve
806 to secure cell stack 816 within housing 818. Housing 818 nmay be rotated

so that be pesmbladby pevitiening a siemixarpies]l stask imp 4 loueingeEVeeel, corner 830, is
o he PPy i RBSRBISCRTIRL eBOR cc| Eh poaluaige 010 an
seal at least a portion of the periphery of the cell stack to the inside wall of the
housing.
FIG. 5 shows one embodiment of cell stack 516 is enclosed by housing 518.
20  Endplates 512 are drawn together with tie-bars 514. Tie-bars 514 are isolated from
the fluid streams by non-metallic sleeves. A non-metallic endblock 520 may be
inserted between the cell stack 516 and endplate 512 at each end if endplates 512 are
metallic. Endblocks 520 support the electrodes and isolate the liquid streams from the
endplates. The ends of the tie-bar sleeves are sealed against endblocks 520 by O-
25 rings. Alternatively, endplate 520 may be non-metallic, and a separate endblock may
then not be necessary. As shown in FIG. 5, endplates 520 may be attached by bolts or
threaded rod 522 and nuts 524. As shown in FIG. 6, endplates 620 may be attached
by flanges 649. As shown in FIG. 7, endplates 720 may be attached by clamps 728,
such as by Victaulic® type clamps.

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

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



coincide with a periphery of cell stack 816, which can be incorporated into
housing 818 to facilitate injection of adhesive 806 into housing 818 to
seal corners 830 of cell stack 816 to housing 818. After adhesive 806 sets,
housi ng 818 may be rotated 90 unti I_%qh_e next corner is at the bottom The
adhesive process is repeated until all 5desired peripheries of cell stack
816 have been seal ed or secured. Surface preparation to inprove the sealing
of the housing to the stack periphery may include techni ques that may

di srupt infee kowsingdy swewenlsd peap rings Insertedingo groerestad ﬂ@rﬂmgﬁ ekthadhesi ve

bondi ng [. ex I h 8 r.af | G .1 se chem cal ,
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t hereof Thi s Awmyetallic bhdigatd thagihe fhlaidated] fliergnple, be@betiiniaglor catighi ng, for

exanpl e. hgusi ng may be fabr%cat ed, by extrusion, for exanple, to

Th
provi de %nawﬁé%l}ig endplpckarendplateimayselabrisaied: her examples by machiging s housi ng.

For exanh&s of15tRlr rilgeétfo?}iﬂ&gingay be produced in the housing so that the
adhesi ve may be containéd 1n a defined area to receive a periphery of the

cel | stack. AdnehbestacknisiploStiofed indbshaoginE9d8he endblarks/cadplatbmdrehas
scal | oped troughs 932 to .provide reservoir for adhesgive 906 to be pl aced.
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a controlled quantity of adhesive is injected into the housing. The

adhesi vehaginganfitshonenied with dheslongitwdinid axisdotisymalt poi nt and forns

successive thin,l ayers. t ..5et to . forma seal i ng_around inside wall
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met hod of applyi ng adhesive is provided that conprises rapidly rotating the
housi ng SeAubEmanPEaes erpnganpliertodarme g sell sferle dh euasiring s WemhHREs| ve i s

i njected,]nt.q .t . i : i n i.ve may be forced
ot st R a0 ARG AtheBlve QBB iR B RAL e o B B ERONE T 0 e
seal ri ngubkbd dché®ed by adding reaciltedibrhtdhivaht mixdd ddhesidl. Sbt psinraey t hat

provi de a nethod conpri si ng rotating a hausing 1018 in one direction while

i nj ebt i ngnetieioaBluceds Hee 6t VisroRiy [ thep Bk e?%erttﬁéoﬂtﬁﬂ'éﬁl‘ﬁ@rare shown
in FIG tJJQmBrdv.ef%?]éﬁca‘tion pro ehfés.aﬂg%g%isﬁiép'?ﬂ{agﬁgﬁtoe findpBRadigc! osure, an

el ectrical puri at1on apparatus may ass sealing a portion of
t he per i gheEvingdsf suithble adhdsiwtiadhat wi =l lowa giensdr\penetidtion idte agpeweowsf a nol d. The
cell st Ssubstratd aItIJCF al.ior\];se 0}“ \Ef\vgttljnrg]to ngn-?)gruo%is ngfac%g.dl'l‘}ehd?lr&ent 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



conpressed wth endplates at each end of the cell stack. Adhesive may then
be S5applied to seal a periphery of the cell stack to the inside wall of the
housi ng. As shown in FIG 11, a periphery of a cell stack, in this
exanpl e, corner 1130 of cell stack 1116, may be inserted into nold 1134. A
| ow vi scosity adhesive 1106 may be poured into nold 1134 and allowed to
set. The stack is then rotated to seal other portions of the periphery as
shown in FIG 12, wherein adhesive 1206 is shown 10at each corner 1230 of
cel | st agkncigd gith prpeypharziohcadksiagkl 86, whivh cap bd imcorfoatied e bebsingom a

mat eri al at. t. adhesi ve .no dhere to. As sh i-n F1 G 13,
o T e el Bl ARE R e e B o BRE Aol 18 ¢ seal AP s Rl g 31
with gapsta&%sh_smwﬁﬂ% Rhe agheadnigivi 306 sabthousing 81 8@lay bb3shtc@foohousi ng
1318. Gap 1338 is filTed with additional adhesives to seal cell stack 1316

to 15 howssil e 11631 Boraeiis pt e dbattonyr ds atlleeskvelpsocoeeis repeatet|vaidd athni f ol ds.

| her . di i | in FIG .1 nh || k 1416 with
br ackot SSEETBrPEReh ol el 16 Pt beshealf ar R D Y AT Ay
ext rusi of ifprdwR tR€ tdaliflg BPIhdihbBPsing thh@%t@ﬂlpg@ip}@fyemuﬁ adhas techiluds f or potting

and sealing the corners of cell stack 1416. The carner supports 1440 (and
1540) t hibat may disrupt theseragesanddnorgasg thesface ares taenhapes adhesive 1542, as shown

in FIG ﬂrﬁlggg?tﬂ%?ggmﬁ LehRYrrRE gg%)%tﬁ)ﬁ iRy rfsE"é{x e mechifpRal ts to the

shel | inc plastic joining t ni-ques as ultrasoni ¢ weldi ng. Shell
1542 (angedfdil) oritBeriral swifate ipRpardtiod, dndtconbinsiongtht@b8 asis shgvinclude FI G 16,
thus elimnating, the need to _pot the stack assenbly directly to the outer

housl%g.éH&mdﬁ’aé@%E’cngég ?‘VC%FO‘%%‘F%forseJB%‘B}%t may al so be used to secure a

25 nodul ar um i : I | i f the
Mfle *&S&F%BMbrlﬁt%déPr LR G6d, 2bexahRd 't(?%ﬂ\f/&}/glg

di scl osure, an el ect puri on apparatus s p t hat reduces
or pr evegeomeitnyahdtiassignoi esunimsthe celhgtatk nhgheswing. Birezampleadnepmwer

i sl osumere e Gos e profeat iht hiRoRERRRe SRESHP e RBRTED r educe or
prevent gurdefinbd 3@a idRLENE 19BEPIRSy of the BN kiab! Bs BRSPn fl W, 90Rfus@gr ati on may
reduce the bypass of current - 25 -
15 918 is provided that has scalloped troughs 932 to provide a reservoir for adhesive 906
to be placed.
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 15 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 1o the housing are shown in FIG. 10.



through the flow manifolds, or |eakage of current, by elimnating or

reduci ng the direct current path between the anode and the cathode of the
electrical purification apparatus. As shown in FIG 17, electrical
purification apparatus 50 is provi d% conprising cat hode 1744 and anode
1746. A plurality of alternating ani'on exchange 5 nmenbranes 1748 and cati on
exchange nenbranes 1750 resi de between cathode 1744 and anode 1746 to
provide a series of alternating ion diluting conpartnments 1752 and ion
concentrat i nglrwnﬁm me@dimemﬂtﬁlthe @Sdomrmgm@?ﬁm@gf mﬂ@caﬁaly amﬂrfgm%i ti oned

wi thin one or f d| | u ar t.ment oncentrating
Corpar ¢ A 8¢ sebled by silies B o BrBer oy bk SRf APCw R RV BEGR

el ectri c@ith #e BYoF b infAd.| Dhe SRR ISy mnsa&dsﬁn@mdawngr@dahémm in FIG 17.
FIG 18 shows an exanpl e of a spacer that may used as_a bl ocki ng spacer

in an el @cgnprp%sgqi wittiendplatss ia’tﬁﬂcbﬁ%@%fh%eu ﬂtﬁ%k s‘b@lﬁé’r"er’fﬁ%)’ Bempe i se screen
t | | band 1862
por I50 n b d:)r? dle% t(f Qa %g&ﬁ%ﬁé@ A ntﬂxg ggtn%mdco %ﬁeﬁllnlsxﬁg V\Etﬂ Qﬁl tﬂe%sm eal i ng ban

may be ranes hesives, hown in FIG 19.
The sealing bAglst&)vﬁﬁmHG Ilrtpfph'@héﬂy@faeaﬂsmgk bﬂﬂme;mmmegh:bmilmd spacer
by provi di nﬂ a flat surface for  bondi n%.}én cfertal n.ex l.es,. t he spacer

may be falfelsickd! B may Redpraed de argld Tk chiley mipeosity Ve biHor essi on, or

rapid pratoby gblﬂ'gd into mold 1 304d&do &‘ﬁ%et M R8ICK iRl blafddaBlsedI Ni C kness so

that the streén portion may be nol The thickness nmay be larger than
t hat of ahegroeienssyidweperiphsryas shewh tn Fl6e lzowhmmradhwtﬁ%msmvance for the

bl ocki ng co art r .than.t hat j.a npart nents,
resut i nd %Ofﬂg‘ga‘ﬁé? ng?¥%ltft?‘fkg£aq% &F%‘faé%ﬁ’éa%?sc rfﬁgl(a%fag gﬁfabl e since
the nu”bﬁém%fmakﬁakhﬁ%émﬁwm@ nbi fAHeRMo. The edge of the spacer at
the solid portion may be secured and sealed to the inside wall of a

housi ng. Sol |ﬂS§imnmrF1@86ﬂ cefl stank 13 faweth aldguriserneys sdaledaninssrtad gi d t o

cueh s PR T8 Mt 3 RN I Puo e MR B SRR LT« haee o

the mat el*idu@ing 1318. Gap333RWHIledRvifH 4aditidhal zidHeﬁKreﬁﬁ%@zﬁrceﬂsﬁlemmﬁ %964 and
second spacer assenbly 1966 are provided. Blockln? spacer 1956 is

posi 13 onteaksingtlid®and piesentspscdeakwivuran e flogmani@ldsecond spacer assenbly
1965, 201 BSghle o AMyAIACSL BN e S AShRELRYIAT R avpar i
el ect r odbra¢Res hseflbli @&orree bﬂlpports 3@46 which may be fabricated by extrusion or

injection molding, for example, are used as a mold for potting and sealing the corners

of cell stack 1416. The corner supports 1440 (and 1540} then serve as anchors to

20  attach the stack to shell 1542, as shown in FIG. 15. Methods that may be used to

secure the corner supports to the shell include plastic joining techniques such as

ultrasonic welding. Shell 1542 (and 1642) is in turn inserted into housing 1618 as

shown in FIG. 16, thus eliminating the need to pot the stack assembly directly to the

outer housing. A bracket assembly or corner support may also be used to secure a

25  modular unit to a housing.

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

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



stack 2016 is secured wthin housing 2018. Bl ocking spacers 2056 are
positioned within cell stack 2016 to redirect flow of fluid and current
within the el ectrodialysis device, as shown with the arrows in FIG 20. In
anot her embodi ment, a portion of the,periphery of the cell stack and a 5
peri phery of the bl ocking spacers aré 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 2thsBighdh¢ Hewmanifoldst er laakase of eiyrentHy elisvngmerpyedusare the assenbl ed as
shown i n..Fl 22 hnserti apluralit f I . palr 2 and

b1 ook nglibsskbufas B WAl B DAt e ithofl b ek ATRITIAEHE, 2051 g (i s
assenbl yappatahuse ndihatvasn 810G/ OF, ekbghiehogleHicatiobaiparaumds is pehedddve 2206 may be
applied successively to a portion_of the periphery of the stack by potting.
Housi ng 3Amising eahade dr/ibandkanade d 14e-né pAxrdtnal alteiaalinganieheXiangs FI G 23A
Wth Ji AR, . I i i ~a@dhesi ve
2306 {sr@ﬁ‘%‘g‘g’%ﬁ ed tagh% ﬁ{é&?%%)cég?%q?%?%ge%ﬁﬁp ?Qngaggéégegdn‘%ﬁl%%%?ﬁg spacers
2356 t o0 arladnotdé7dpageodds @ sdries of aljerd@ i} iof Mdumchasnpastineas BB2ianject ed
through small tubes or cathete ingerted thro t he endpl at g and/ or

endbl ockiONFBRCBXAR ompartmenty {V%ée;itﬁ%‘?kﬁnge%ﬁﬁi R a‘g‘PEﬁ’ bnal
conponent;hi sl ofthofe Sﬁ%ﬁ%ﬁluﬁﬁg &mﬁ%en@@Wﬁ%H%&%oré&ﬂraQﬁgl tioned around
the bl ocking spacer to assist 1n containing the 20 |iquid adhesive used to
secur e témmnppacets 1704tth edrscsing flowandusrentbod ihrewgh eledmcahdhesi ve, once it
has cured, . be th {mary seal . I n anot odi ment, the additional
conp%?nerﬁdrﬁfgﬁo%@_’pémgﬁgidelas Blilovgl-%fﬂ]éaf@waé%?g?‘reﬁo be the only seal

bet ween the bmp.Iqls@Boﬁpas:@xa@l@iof@gaah@aﬁatnﬁa}alswugeﬂlaya%;ﬂmﬁig\s?ae%z% | ocat ed
at a portion of the periphery of the cell stack nmay be used (see FIG 22).
Thi s mayinzs ebsofptal pyrifpestion appariis. ThewneptrymayconerfiseiseigepodpnABP%t i ng t he
need to |tk j t he [ I ' i an adhesi ve
mat er i al S0 pokdth (9o Bia e e eB, SPAFEhehS Lp LA YRR BT, e ana
concent r afjgefOmMpabianedbadhesived) @k shqvasimh FIGoW.cOhé salingbhissndyr e first

sealed in sections of cylindrical housings to formnodular_units. The units
may PheniDHEoythe sepling hetvrrep nmmbrpngs apfl spacenby Byoyibnga flat Welage®s to form

mul ti pl C Laur.at.i A S ; ok:To y be that the
st acks %@ﬁ@'sgﬁ%@&t%&t 23% h%lﬁg?%gy@g%?} ?ganbgfcﬁttg?r? n%g‘%g - glgﬂ%éi ves only at
a por ti omacHininpethreral porapiessisn@hn rgsd pregotgpinper s. The bl ocki ng

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



spacers do not have to be sealed to the inside wall of the housing; they
are instead positioned between the nodular units and seal ed between the
ends. FIG 24A shows, for exanple, a first nodular unit 2470 and second
modul ar 5 unit 2472 with flanges 2474, at the ends and bl ocki ng spacer 2456
positioned in between. In FIG 24B, Tirst nodular unit 2470 and second
nmodul ar unit 2472 are secured to one another. Flanges 2474 of first nodul ar
unit 2470 and second nodul ar unit 2472 may be secured together. In certain
exanpl esstadki 244 §aesssceured vathin hewsingriH§l dtlockung spraers 20 frars @esiidnddodul ar uni t
2472 may, he. bolt heg.. Fl G h ano r,e ient. of a
blockingwgﬁﬁé%pS%%%?ﬁ%ﬁéégégﬁ%§8Wfﬁéﬁé%%§§¥§§%ngﬁ%5P?gg%gfgg fsand seal i ng

band 256&vicEhgs dhosliiftgthe paees inB)G.o®. nol ded with circul ar frame 2576 that
i s seal ed between the flanges with adhesives or gaskets. Alternatively the

frame can be Womater enbedimeat gpprtivsral dhepariphpry ofdhe ¢alltack#md g ves or
e ST T \
o1 %he LB of ERSERRY spChodihy TELIG RefiBO1d FELIRE BAGHTY, PACECS

nodul ar thahbssingn be connected together with clanps, tie-bars or other
securing techniques., ign.of the RQlocking spacer y .be dified
accor di ngl y t%sg]?ﬂ}'ﬁ}ﬁﬁ‘;gﬁgtgﬁt @@@@@?@&qégmrp}?&egg@rﬁwcg@ém one.
enbodi mﬂﬁ&h;ﬁsnﬁsmeu&igﬁ%p&m%ﬁve lglmtaapsﬂaeér 56 RAmbdHdan®de HousingCk s 20

provided. A first spacer assenbly may be prepared by securing a first ion
exchangellreddyicemeayt them bs essemiledan skovein aniglés. A8 ilyripseding a plufalitysof qedir t i on of

t he peri pher At second portion of the first ion exchange nenbrane and
the DocomiSaane et ReRBBERebr sind ShsResPiphRR ey S B8 FGhded to pr ovi de
end f ol dsompleSRAGE]s BRYNUIE with QUHSIeEs BEd/VESUbIJRSs At Ut edddD ARMRefiadge menbr ane
and the second ion exchange 25 nmenbrane. A second sgacer assenbly may be

pr epar ed2}6rmavabe 4pplivh sucsawiveli @3 mirtiome! thi petiphepn elethe sesle b pyitimdy be
aligned with the. f.ol ds_of. t he sec : ) | at the end
ILIOSSII? : 1(§ S g'L)?n ﬁ)nﬁlétgg n‘%ﬁlbtgg gm% p/g@%élea% &ﬁg\gy tl% F][%ﬁ 2%[&

folds of the seco cha rane - ar € end fol ds of

an ion exithainge 368 iiane rative Aeh&eeo Nt hpaadh FaG S layhesiee2368ds f ol ds may
then be col | apsed, and a spacer mizégbe Bosi tioned between the spacer 30
ap

assehbl | @pliedhio ’_Ehﬁér0§%1é§c@}”m§%_§3éﬁﬁlsi 8 gp blackingspacsed23Sedpsedt thtent s ar e _
created %gﬁ&%?;‘f’ffugﬁirfcﬁt%1_@.32‘}1@_:’5%“5%‘8‘@’%125% ﬁﬁ%@é&f&%ﬂ siiafl 1FRAGEr assenblies in

a directi ere an ow-streamw t hin each of the
first spatleterasserndl thrapd thdendpbtond)/ spadblockhSoeatample.

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



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 2600
at a first 5portion of the periphery. In this exanple, the first portion of
the periphery is secured by thermal bond 2678. At a second portion of the
first anion exchange nenbrane and the first cation exchange nmenbrane, the
peri phery may be folded to provide end folds 2680. Spacer 2604 may be

provi ded between first ani on exchange nenbrane 2602 and first cation
exchangeadtesiveaedy 260p0rtio0 Af the poriphespaueh asibs cotvexs. fdg bbaskingepar ed

simlarly. As sho in FIG 27, .end .fold 8Q of. the first spacer assenbly
may be a%/Ha@?fé&Oé‘ﬂﬂﬂaryﬁy}o E?/é?’allei&b\}&eﬂﬂ&gﬁ&] aﬁé’% sz"éeqﬁl}@zfgb Y A 12%%321nd spacer
assenbl yp&@idreabetwen @Rdnb@llgtsundt ahdSealddrietweatthoendxchange menbrane is
secured ?o the end folds of the anion exchange nenbrane of the second

spacer assenbFIS. 2fAeshowerfonppimple. sdirsi Baduar umiie24dRangd s¢cgad mogultscur ed by 15

t hermal bopgli . Si i . I in FIG 28,
the ona POl o iR ARG, 894 ofthe BREARER ik SHAD: B potion R0 T Sct
bet ween bdigesnaARaIGas4sR vkl r@sduldunittel 76 pad escoad sednlar esit 342 monpr essed,

conpartnments are created_to provide for fluid flow stfeam 2986 between the
spacer a%léﬁ?ﬂlt?e%ei‘lwtléFrdﬂaéé?ﬁ%Wd’i?ﬁf%Péﬁlﬂlﬁtrﬁaﬁ V%ﬁref{sch wedlam 2088

W thin eag ! . B&sEN ﬁ{yeZﬁ conth SPRSLhodiaeTD! Y as
shown i n‘g‘ﬁ%ﬁzz%gg?fg %eﬁg&g?%mﬁ% e B%/&au [ r?{:l %J%’Sr mal bondi ng t echni ques
t o prepamét 247 sydacandasshildrlung 24@h chay fbe bobsdiiogather.cel | stack, a process is

rovi ded t hat all ow for ease.pof assenply., and .provide for faster
gveréﬂl assen%{%}étsislﬁwﬁ)?n r@f'@(?flwe@épﬁ?)HEF%@EQP?CSEE%‘@B%?C&?WO% nar r ow
thermal soRl soIRF RG240 ahPEdBig ﬁdlﬁvzs%bamﬁte Egack%ﬂ%tspﬁy mla9%dIntoliiey hi gher

25menbrane utilization, which may increase efficiency of the overall
el ect ri cwith pireulfs frzmne 337 6ethplas atalms! betweancthe Sanges vtidiesives artgaskels. ng t her mal

bondi ng, ,addi ti onal re-enfqrcenen trips of .a | yvrer i,c terial, for
exanpl o, ATGRORDp e drEnRn s ate poh e s el 5o et PRSVREN (he
thermal bERE: B Rt Bakes@Rg OMePhRode fd MM Blosking @pdcersByilltheer mal bondi ng
the nmenbranes prior to coll apsing and 30 conpressing the nenbranes, nmay

al solfassinparenhtothese skilleddséietarly, as there may be nore roomfor the

appropriate b i | ! i [N ing - 33 -
process. The 8&%!?%&%?%%%&%@@%&%%%ggra}%l%&aeﬁzgé%é%yg%&%e%gggi n the
menbr anebaié acdtherHatwrind tocigtguetBYhatisser eftttic lockhmgepager amgibe enddifiek t o
menbrane spacers to maintain the cell stack integrity, resulting in a | ower

pr essur exgPiginginiursgpminedatvdbrselictadieeuring {eiddNe- enbodi nents, adhesi ves may
be used 10 segUi e LfhodffeRXGRE d&closure, 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



menbr anes and spacers in a cell stack. Adhesives that may be useful in
preparing a cell stack may have particular characteristics or properties
that allow for a suitable seal of the conponents of the cell stack and to
secure the cell stack within an elec{yical purification apparatus housing.
These properties may include the adhesive's viscosity, gel tine, cure
tenperature and el astoneric properties. By nodifying the properties of the
adhesive, it has been found that the bond strength between the nmenbrane
stack arthan the flwed8pnwgtrrary vithinedchms dht, firghpacerasseadilngedthrisedand t he

el ectri cal cel%%gsle];nlbfl‘,atl on apparatus may be reduced or elimnated. In sone
cases ep Xy~ OfF epcK(y based materials or polyurethane or 15

pol yur et hane- AasieehnBiFEGI @6 S fiv8YyspacerdSehbly Hia$ begyepateddiyaset@idghfasr t her mal ,
mechani cal,, and chem cal g rties that nmay allow themto provide suitable

seal i ng @ﬂ%%%ﬁ@é@em@fa@%% tﬁ@rcah%%qhéngﬁem#m@taa% k804 & afyski ngs.

The epo ng agent.
D b e R s TN R S L s e
may req Lhyr meﬂnﬁhl bond 26T kAtngsecditl portiow o the fiestragiomek chenga citinehrat dngd

chem cal reactin he resin with a suitable c curlng
agent ¢ st eniongs %@Em&emmbréneg ARARF OB T8 05#6339 Pgwaiq %Pdg

am ndoamgze, sf)x&equam Hﬁ?ﬁab%r%éﬂeoet@&!ﬁ ﬁfgtomsﬂ &cﬁﬂﬂg%qneﬂmn@%ozng agent S
may provide particular properties to the adhesive, 7ncluding, but not

limted ardﬁmnmosexcghangnmmembfaaﬁé&(ﬂl ng time, penetration, wetting ability,
mechgni cal 25stren

and c resi stanc fter curi.n The
pol yUr et hane Or°F8 ﬁﬁﬂﬁm@f Prshee @ ‘?Tﬁrteg?rl Flémf?ﬁ@ B 9P %d%glpbv ‘t he poly
addi t i onerfdefds 2980 6f th@'ﬁrét%ﬁﬁdé@ﬂés@ﬁbw thily Be ﬂiﬁxﬁéé'aﬁ@i’rﬁb oﬁz@@é@lﬂith ehd the
presence of a catalyst. The reaction may provid mer contai ni ng

ur et hanefoldsrﬂ?%efthe SFNH@CMCI assgohesy that @h@hfo\l@ quh@ Bt e&dWNt hat i s .
sul £ abl & d Rt todr BB SE WL BT A0SR FRa Ol ENGbN Blapghdd REMBAEBEYI MENtS, 11

1l
may be dEESI?' Irve renualn arn extent on a

pr edet er it B@Dnd kpiect AREMBIy. Ilovbddphing portib0of 1 @nP Fdds ke sscugdasi ty of the
adhesive is too |l ow, the adhesive may run or drlg of f fromthe glue line or

seal 1baniernal bppading fdaesives. mmechapicyl teehnigyigsy As shern sHlGe 2di Hg<Bd t he
adhesi Ve 'ﬂ?ﬁn l'ke I:(gﬁagg cf fah #a(:er ol arllcfagf ﬁe"’}}dgltﬁﬂﬁ gét%@ﬁ the s ﬁceqmy be

desirable se an a S|ve t has er mal expa siton as the
menbr aneastsmnslmsum thdepanardssanis s tate @nepressed, kemparfinests amycrpated/ont or reduce

cracks or wi t the ne ne- adhesi ve interface. ILn order to
det er mi n@oaldgﬁ @Bﬂ@o @ﬁﬁ%ﬁt‘@%%%&%‘v aai?mbfﬂlie&aw FeckiBPar at us
appl i cat j;o@%nt AR NOANESR ki 098 OHitRIN dAh 64ht Flst3PANE adiBMbRenal tered. For

exanpl e
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



10 aliphatic am ne has a strai ght carbon backbone chain, which may provide
a high degree of flexibility for thernmal expansion. Use of this type of
curing agent may allow the side seamto expand along with the nmenbrane.
Cycl oal i phatic and aromatic am ne c_uﬁ ng agents have aromatic rings in
t heir back bone chain, which may provide rigid elastomer properties. 15In
certain enbodi nents of this disclosure, adhesives that nay be used to
secure nmenbranes to one another nmay have a viscosity in a range from about
1000 t o pivoess. 45¢ G@Omaldwndingdedhinanes mamplse araveet leelis ibshamenbralipi s may
provi de g ‘3(? tine in a rsqfi'mgredfrﬁg about 15 fm'cm.{t es ho absou(t:GIS% m nut es.
The adhe3fSfe THYPRSTS MY ARrEd¥seHly STRIESSYE I9TCAR JEMH I RBEH ©°30 to about
70 at anhiRidin RNRASRCK ifegRThesdghen VewebyrchRirédbitedullythany suitabl e
means, and it may be applied by an autonmated or manual procedure. The seam
t hat themgdWesunie creates may have a width in a range of about 0.25 inches
to about 1.5 jnches, .and I I i 20 mls to
about> 50 i 1’5" THE Rty sl B R b ek RN, b RBRke 7P 1L
anbi ent  inenpemat sidspadds il £6dl @stkl exesiatithe, may bé heflliik prepbdgihesi ves t hat
may be use for securing a nenprane cell stack t%aa pou i ng mal%/ have a | ow
vi scosi t Sell sipfkapaskaye partisslar ehasactenistiss oy prgrerass it alay fugstdalle o the ni xed
adhes! vese e @0 dhiortafl drifif il dack A WBRARE Ll AAISHIKNR Ry be obtal ned,
or app

$ . . .
and may arl ow asi er Ication of the adhesive. The |ower viscosity

may al soelpettival p@rificgionaipparapps hetisiag.i Biese ptapestiep arayuscledbierndheiarid bett er

wetting aon a.non- 30 porous surface.. In certain exanples,..the diluent may
be. sl eciSersKYolfl ie: G (Rnperaiire Ang shiomeris grarrti g IRy ay v ee e

di gl yci dyl, a@%aﬁ* the @ AR Y ha EbAG Fourd WaGRIBbNPI AP BhRE@Ghe ~ The
adhesi ve uge to secure the cell stack to the housing may be nore rigid

t han t hemaahsmistack setithehosging may thkenhanebd,and she lealages witbiiibe . The adhesi ve
used to secyre .t.he. cel |l stack t.o the housi.n y be fornulated to have
enough n‘gﬁﬂgﬂ#@éﬁlhgﬁ(’é‘ﬁapﬂa SRR toﬁghwg]agéﬁt of the nenbrane cell
stack, and may, e @S PpBx B oxE KA dIhRSEHME O polyurethah®ofer t ai n enbodi ment s
of this disclosure, the adhesive used to secure the cell stack to the

housing pelyurdiec-haseil seasesialympy be heedr able nraydndap duthegoberss t o 2000 cps 10
o a0 Bl SIHE LS e g, SRR TSR A, 50
about 450ftHe8bradés @0k anbthé AEtoadelrseacks 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 fo secure membranes to one

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



The housing in which the menbrane cell stack is positioned and secured to
provi de the el ectrochem cal purification apparatus nmay be nade of any
15suitable material to allow for fluid flow and current flow within the
apparatus, and to retain fluid and cyfrent within it. For exanple, the
housi ng or housing may be constructed of pol ysul fone, polyvinylchloride,

pol ycar bonate or epoxy inpregnated fiberglass. The materials used for the
housi ng may produced from an extrusion process, injection nolding, or other
process Gohain eygit onlaipyedsresmintdlue lnenyeealthapdt Uy Br20amplenthe vigepsival | y
snoot h i rigr.. To enhance the adhesi ve band ween the.housi and the
renor aneSIelt plepix s SRR k%R MR 2% ob A5 o BEOT AR S IRCSTER, BTG 'ow,
a porti osungf If fhe abifidsBieivicosity & aseviedousrévatifyl sTahevidkesive ity meehinane cel |
stack may be secured is treated or nodified. Surface preparation to inprove
t he sealPpgiffitulihe housing to the stack periphery may include techniques
that qmay di S(rjtﬁpéertﬁ een?df)ﬁ{rﬁ&ﬁs %@F%F‘ﬁe BOFHRRIE uldYh SEGCRPLRG O enhance
adhesi ve bonding. For exanplg, e surtrace preparation nmay conprise

chem cal simitecthamal akpansioacis thecratmbrine tdhecnr! ths michdemep tee@ar ambtlen, and

conbi nat jons thereof This may. incl ude chem cal etchi .or . me¢hani cal
r oughi ng!Mip Brayexsspt @ reduce crdcks Ph“%'@fleaﬁwhs W&&rw@%ﬂaﬂ%%rf% i nj ection

ports i nIntd?&erﬁQHéﬂeﬂﬂinﬁ%%uﬂﬁﬁ@a&&sﬁk%r@édﬂriééﬂguﬂﬁée{tﬁbﬁ%}ﬂpﬁﬁm@hesi ve to the

desired areas in the housing in order to secure the nenbrane cell stack to

t he housippiic@mmsghe nercentadhesifaminngweolg aganpoay ke aiteyedoeForex@6ple, used to

i ntroduce. the adhesi ve ta the hoysing. re thap one adhesive port may be
i 1 15 o PRAES ARIE DY £ P AOT o R AECHBTG W PYBP 04 A PTbod ment 3,
three adii@sdeVst fleRi bty I fONkhBRdl SxpaRdione Uke QY (e pk Bf urRf ddeftthay ar r angement
to distribute adhesive in the appropriate manner to the securing point. The

adhesi vealloyy betsidsrsepn te exneag alpag Syidsthe imsmddanen Gyclnatighajietandiapematy may be

St Lo e BRRRI SR RS pEBEL B0k A E Y et e acest ve
penet r at Gpid Rlastdnkte pedprfiee] s of the nmenbrane cell stack to enhance the bond
bet ween the nmenbrane cell stack and the housing. By injecting adhesive in

t hi slyranner, lorfertaiwsumhodinerizipietbisydsclorste, pdhasercnthabimey baneedRe exot hernic
heat gen Eﬁ‘}e‘?ﬂelﬁﬁraﬁéfstthgﬁe fiéh iy ﬂrggv%,é aQRscdRY fnay dﬁﬂ%e £BmGBbhAiddogePOd! ment s

of this disclosure, menbr ane be secure
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



one another and to spacers within the nmenbrane cell stack by nechani cal

seal i ng techniques. The sealing may be acconplished by the formation of

ri dges or grooves on at |east one of the menbranes and the spacers used in
the electrical purification 15 appargf us. The ridges or grooves on a first
menbrane or spacer nmay mate with the ridges or grooves on a second nenbrane
or spacer. The ridges or groove on a first menbrane or spacer may interlock
with the ridges or grooves on a second nmenbrane or spacer. For exanple, the
ri dges otongisives elsdighycidyt ¢then digiseidtyanberod digherddi cthay: apd cambimatipniges or

fitti ngs%rgg mate with the ridges or groves on the second nenbrane or 20
spacer, ich may be female ridges or fittings. An ion exchange nenbrane
such as a catTipuddssihangd westarame cell stk RtheRowskiangbe AdRbfigide may be
positi oned and secured between the first spacer and the second spacer. In
cert ai n babBGiadhen & usedh kpsequiedhs membrangs reeangtgr.i bhe adbesizpyeedianbr anes
has e 4 it r i e flow
corrp?;J t %ﬁ%@%@%%%éﬁ%n? 121 b lrrrﬁaay %e%aﬁ%ﬁﬁggﬁgm&etﬁbgg%gf%nk#% t he form of
a resin stengthyto eviths@ad thesus glend itlenmerhbrane xelipthek, and may nbt defo0 shows an
exanpl e of aH i njection nolded dilute spacer 3004 with grooves 3090 for
mating SEKFE BWHB??F‘FFef aces of spacer 3004. One end of each flow conpart nent

3092 is cl osedl @fthinWnitddiiét SRR bstfe, 9#&%56@% wed b idddte th@Eé}igg i on

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

spacer 30@k t@thampsing nogyerave arviscesiyninfthd fanpe frodl abost ZEOPshaP0dkcpsr esent  at

the end to acc date resin retaini .pl ates. A _concen te spacer may be
constr uct BT egiirs. A of the ilpdsiVe fiof Zanee, o 75l atin SR _

concent rgoft 6PAGRAesTEMheR@hésNa S havRarshbReD ¢h b e DPabAL 49¢68018€ I n certain
enbodi nents, the concentrate flow may be | ower than the flow through the

di | ut e comperittpiepereturd-| G 31 shows a cross-sectional view through a stack
of spacers 3104 a catli X r 0 i exchange
menbranes 3102 pr in@?eglfoé&él glgW%fc%nﬁggl%an{ﬁgﬁgé‘%p%r%%9331103[11%8% |Jf]st spacer

3104a maycied iapodiddithdclbditochamizal matfivation adfddatonmagbonads pesr 3104b. Mal e
features 3103 on second sggcer 3104b may al so be mated with the femal e

f eat Ur essugable msteriahiq #floyy fs dluidAow and varrer flove withindbe appsgates apd tq ons

t hr ough i h EFE’EQM it . j.,rable to have

t he resi%%egﬁg#ﬁgﬁ?%@g%ﬁgd?o |s'@régf?ﬁ%iéé%g%oqrcuﬁgﬁgﬁgg}\?ant ageous in

met d|t |hLﬂoﬁs&@ﬁ@hﬁﬁp&ﬁhﬁbi}ﬂglpUlyW[r@rmhtﬂcﬁlqutﬂyceﬂb@tart]etmapOE.ﬁ 1m1brt§gﬂaa_sci beeE f ound
a ere re ny 0SSlI way s 0.l NnCrease ackKil n ensity. or

exanpl e, lbeé@eﬁ'»?s Thaydiials dseddor %@ QO%%@ﬁm&d@aefﬁ%xgm WEUPPBR, such as

sodi um Gl ekt dfjecfifinb{afiy, 8 e SiodsOtiDr el PRSI Uchse Qichitg. oper ati on

I ri I 0 S,

of the ectrical 15 pu i cat appar at e resins 1nthe dilute

conpdr t meith s gemeyalfehdothsterve. diolanhancsttheadhesive endbétweeh thEheusiegi ns may
al so be s ed in a concentrated salt. sol ution uch as di, um chl ori de,
and t herPrnememprbe el eknijoh maR LA L foreas el sariaRous g B and t hen
bl own i {6 16O MR&drFALS: ofH hA\GiPRR&EE i mehB@nE 881 f8ck MapBEh the
dilute and concentrate conpartnents nay swell as they are exposed to fluid,

and 20t egcured isfzeated arimeodifipdit Jurbeerpraparation $o whprove thelsealingrafitks as t he
dilute Sl%()rugl%gt(i) 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  in the delivery of adhesive to the desired areas in the housing in order to secure the

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



dei oni zed. I n another exanple, the concentrate conpartnents nmay be filled
before the dilute conpartnents. The nenbranes will be allowed to bulge into
the dilute conpartnments, and then the dilute conpartnents nmay be filled.
Expansion of the resins in the dilutg conpartment during operation may be
constrai ned by the resins 25packed imto the concentrate, thereby increasing
t he packing density. FIG 32 shows a section view of a part of an assenbl ed
stack of spacers 3204, including 3204a, 3204b, and 3204c, and nenbranes and
a det ai | wdd W mvodiicetthe adhesivaid twlhoveng.sMome theh ook adlgsivapogmeapbe n t he
detail ed wuie copmpart.ents 3292 . may be filled wi th resins once. the stack
wth o nentizE R BRHRE bty i Re e o e e s BIES1° sin i n
a fluid jinfecRodP&ts il Be bhawida Bﬁ)aﬁﬁﬂﬂi@m&iﬁ arrayemesStoigstiRMe BéhdsREah ned in

openi ngs 3294 at the bottom of the compartnments while the resin - 38 -
carri er thappropligosmannerdadhe scoweng paiet. cdwsdbesivaniniscterepdrtmay 8¢ ot t ed pl at es

e r ot at R isGeR i Fraehy BEM T Bedled UFy SRR, Sl gt d O TV "
sim | ar gvhieverthe debited ahesivedelivarpalitexampies veiehy alvev cieddsitg bdladsiv@d305 with

resin retaining plates 53307 in place. Menprane fell stack 3305 may be
secur ed ¥Rd-dt WEY EPHGraka njpthe chamgls ob diipembrags gelf sackieenpiseyheor cel | stack

3305. FO:Sonl@B%f{Péeﬁ thd g%l%f'dnl: celf @1‘1551( SRYin2 ‘ﬁo§§1§% (r)%? ;ﬂ%r]ctfﬁg%dﬁési%q{l fhi§Or NEr s

3330 of cell stack 3 n anot her e t, "t he nmenbranes nmay be
seal ed tmaree thpanems ofiatlesordhatid ok tiedrand pheastoilermidiizet gnéfRd seal s.

After a sttgck of.spacelgs and 10 menbranes is assenbl ed and conpressed, the
conct¥nt r5t Be adResiye AL POH ¥ par t nents are filled with resins. FIG 34

shows di | ut e pRaASH eRHAintddidof thi¥ d34RkurN theQ¥ShPRhEEH P EAec3dd% The

overnol ded seal may be present on both faces of the spacer. The concentrate
spacer nang apetheparst tospaceds within|the mpmbrane cell stark by reakrinies] seahisgconcent rat e

spacer may be constructed tq be thinner,than. the. dilute spacer, and 15 may
ot conpprassSod i fHE0E Sieibe HcdmBIREL p IRt fiol or BRGNS s ough
part of gh &ll@skom ofiRaERMbraMRS altbthbkpdtess used &l tdieRGulcangeificadée spacer 3511
and dilute spacer 3513. Openings 3594 retain resin within conpartnents

359215 arAPPaiseni Hgs rideeseruirgods 98 adirstmembispe oi srRacaiaomagonatherent s 3592
al | ow foljidérgfga‘ Erofg{r:lfsl dr{‘%swbﬁ'd ﬁl@ﬁ%r %%E'gé&ékg%ﬁe@cgg%'s%? ooy€bh §1irgr 20 rime
ut o shap n be used, su

3507 are own; er 11 mshapes as rectangul ar,
squar e, mémpahy gospaker ey Intipch svithhtke fidges drandoveebh ast@al nioybrivee adequat el y

secured (Er%p;[w%?. For example, the ridges or grooves on a first membrane or spacer may be

male ridges or fittings that mate with the ridges or groves on the second membrane or

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.



housi ng. In sone enbodi nents, rinms 3507 may elimnate the need for a

housi ng. Radi al overnol ded seal s 3509 nmay separate the dilute and
concentrate inlet/outlet nmanifolds and therefore elimnate the requirenent
for corner securing or potting. 25 Bgfore adding resin to the stack, the
stack may be conpressed to seal the nenbranes and spacers together. This
may be acconplished with, for exanple, tenporary tie bars or clanps.

FIG 36 is a section view showing resin retaining plates 3607 in place
af t er r ebi¢eripin expmgled; the eenceniiga spasehmay Betinnnestian teedilde ppasaibodi nent s, t he

seal i ng ver mpl d I ng .t h j r d fermal e
f eat uresgér:‘%gsebné curéaélﬁg §§§P1S$8fs= &18 CB&%\% é{gqg)“g%l%grgég)&eﬁ%ﬂ-tﬁ% rane cell
stack. Tiweouphrhys &ings compariiters€al ed to the spacers with male and fenal e

features, while radial overnolded seals and the seals in the rimmay seal
the dilute spBkesd shews peroshpreaapsl yiew teenebrastagaplsprcerseii9ddndent , it may

not be ”ga‘fﬁgl%ﬁéﬁﬁn &?m@ﬁﬁr@gg}gﬂé LAPaRbn GRIIG, eﬁ%ﬂbﬁn&% A Hriok g cell stack to

a housi ng. certain e Iments, an 1 njéction no spacer 3704 is
pr ovi dedassérablyi Fempjedeatnes 358t eefirsasmac3Y28a arnydieomatcd witkitie m3lé. Thi s

oppos t clcagac 1058 Sehqu sneser S b SpaA T s a0 YETHEREY WTes that are
retract eﬁafﬁls@behﬁte%!v%%ﬂférfel%letfaﬁmﬂﬁﬁIOlférPﬂEieréﬁadéPbetlc.lOF' Gs. 38A and 38B
show details of openings, for exanple at 3833, In edge 3829 as discussed

regar di ng Fl Glo 8thanéd (Bs tragdfer efidn3iBRughdhe whioweadd andftbeimgmbegang808 whi ch may
interlock with female,features 38Q1,. shed parting, l,ine is shown
in Fl% ’@%.eQ‘?Fémg%é‘ég?ve%?/r%@?ﬁ?ﬁﬁg@jﬁlpﬁkfggféﬂ?ﬁn% egﬁpgﬂ@ﬁlyabove parting
line 383Rnvahtabdtfas PIE dAOR RRHatBlen@iin SltFapBRSVAE pMidhioas! ithgs béghe 3835. The
strands of the screen spacer as shown in FIG 38B have sem - circular

cr oss- sefoundthst there arpmapywpossihle weys Wripensass the packingedensity. piatpendi cul ar to
each ot h%mpg@?esﬁ{sgﬁ%? lfeescotaké)c{ﬁla c%??e%@tc "LAWRLLR AN fggency of the
st rands y o pr ul g

é'varie onote m'Xi ng and/"of reduce a pressure

drop. Ridoride, baf theeslurfied ibe thetaaparinmdrs. t Derisgeseatidnafthy ¢tedttioad channel s
and inprove, flow distrihutiaon., 20l n_certain enbodi nents, the_ male and
femal%e fRuiisAden gpparaty thedesps mHbe didye sparysnesMmesspeles s t he edges

that congabp ik BiGhi-@ driitelint rrﬁ?edﬁio%%oéé%?in a concentrated salt solution,

such as sodium chloride, and then dried. The resins may then be suspended in an air
stream and then blown into the compartments. During operation, the resins in both
the dilute and concentrate compartments may swell as they are exposed to fluid, and
20  the resins in the dilute compartments will swell further as the dilute stream is
deionized. In another example, the concentrate compartments may be filled before
the dilute compartments. The membranes will be allowed to bulge into the dilute
compartments, and then the dilute compartments may be filled. Expansion of the
resins in the dilute compartment during operation may be constrained by the resins
25  packed into the concentrate, thereby increasing the packing density.

FIG. 32 shows a section view of a part of an assembled stack of spacers 3204,
including 3204a, 3204b, and 3204c, and membranes and a detailed view of the
mechanical seals interfocking. 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



The selection of material for the spacer may depend on the ability for it
to be nolded with thin walls and small dinensions, for exanple, on the
order of about 0.060 inches (1.5 M) or less. The material may al so have
the ability to be nolded 25 with smalJ holes, preferably on the order of
about 0.030 inches (0.75 nmm or less.” The material may have a suitable
elasticity to allow appropriate interlocking of the nale and fenal e
features, and may have chemical conpatability with the fluid to be

puri f i edcarfidr@uidfowh dweugh. pWhen the comparteenis kreofullsgaitet gatgnaresiidbr anes. As

shown, 30 le features 3903 interlock with f.enal e featur 901

Simlarl ’3?;[0 ¥ ﬁceﬁpct;?talﬂ?d'?s‘ﬂél? ef°85]§’ﬁ'|:“é1§mﬁ0%e Ftﬁflﬁ?lla%?l?n%etrﬂtaﬁgrél gm? eat ures
4001. Cafhi ANuRcehpRaR e fHHyaRaH1cA0AEth resithGn a sifiighr iin@Br. exchange nenbr anes
4002 are secured between the spacers. Spacers for a first stream 4037 seal

the edges of ¥tk 3Ashtwampert pbumenthapneceld stask 7P with &epin rofning Piscer s f or

t he sec st ream | it r X the first
ST eam R7haRRT SRE A sRE 3305 Rad be Sn U RS RO 1D
conpar t npgihis Akyg ke gudiptistyast,cell ealtls 8303 Uk @ dxampler thdiceld staeldmiap bpr ovi de

greater contact of the fluid with the nenbrane surfaces within the
conpar t n§eRtred FThencees iRl cREEE Hal ofgelt ack 31t ed and arranged to

redi stribute {1 i t.hd 0, at t may have
Tl dAbfhef LRVO MR, the Iﬁ&ngl%g&al?x y”ﬁé"éeale-ﬁgg t art WA y

obstructions, projections, protrusi anges, or baffles that may
provi de evehfislded dicumeplasticrrabibest(TPRyscals eftdrlaciack lof speghrstand conpart ment. The

obstructions, projections, protrusipons, flanges, ol bafifles may be forned
as Pl ¢ BPIDBHELR e e aeessed B cpefdte e g BV an acdi i ona
separ at eghfaneldnfseart BAkd WRhRES, 496, 90 b difife GRERAOIRALL rich3207
obstructions, projections, protrusions, flanges, or baffles nmay be forned

by pr ovi atidngyesmoldsd smab3419. f Themvarmeldedsdal may hapraseyt ondwih gcawotfithe i on
exchange nenbranes to, one anot her. Thsg sp?cer.1 Ibe inﬁre%]r_ll ted with
Cher mopl SPEETTC TG SARSEIIRC ARG PSR SOrRERERTPIRH et EH RkTn adnesi ve
t o adj ac@ponmiia@Rfscer A9 bt RefidiRBledsd be tHikt¥d EanTBY did@e spiRki, afdt 0 t he
spacer using processes such as thernp-conpression or rotary screen

pri nt3 ngmayhel ewompsise oremoddadepalsr may not contain ion exchange resin. 20As

oo sk e SR e o S-SR on exchance

menbrane 4153 Wi acer a ‘second spater 4157

posi ti onigdludiicavatdntrattehcdrizc 1 aimd dibaesphteBI1S. shpsming3 504 esthing paral l el to
the flow of second stream 4161, due to second 5igpacer 4157 haviégg baffl es
that redicsiyWiHuR OmpETReMHS 3920 And ApeHngs pg slogy 3984t He appesite B@ind i r st

baffle 4 ; I : : : 4169.
As s hom&?lgp@%n%rg;? Qg{ 1?‘?’?8 P%ﬁ%gfggﬁ% ngletﬁ#%g%%% %&g ?ﬁ&g‘%& cbg%{é%%d i on
exchangerine 360 Ame sHAER tar ethehnmwnshapdsheahibe siseds pachers rd@aigulandsquexcomid spacer

T e s e b e SRR eI 50, 257
having bgfifsles 1h B&he 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



30 redistribute the flow frominlet 4263 of spacer 4257, around first
baffl e 4265 and around second baffle 4267 and through outlet 4269. -41 -

FI Gs. 43 and 44 show additional enbodinments with the conpartnments for the
two streams formed by injection nolded spacers. In FIG 43, the flow path
for second stream 4361 may be co-current or counter-current to first stream
4359. In FIG 44, the flow path for second stream 4461 may be perpendi cul ar
to first stream 4459. 5 Selected solid portions of the spacers may be
bonded twembjaaeenll staelrbFmmemianes may be seadasl to Ahg weprs Witk pale i menbr anes

may be ther I on to.the s I | 4 i vi brati on,
or | asert%\%él’%ztlleﬁ%?e A‘)SVHI‘S?%@\%AH&I PHEE%OZ%;& I 86‘?@@1 Stg %%9%%1? { le%éﬂlg‘??%é\?\ghq ndi cate the

flow in dinge bptcers tai@d conédnriatempadar| ldshis@mboliEn@edomdy aby leateceskhgse
mani f ol ds are not, contingent to the inlet and the outlet to the flow
conpar t s AhopHRE pheorad sy iatepbiimee Hasketont BoUsinge | eakage current down

the mani ol dstAgHUES bR aod8 ARdiRyel Hods: iapacied g be reduced.

In sonme enbo i'sclosure, a ne ng a source of
pot abl e inatrporates spreen ke 3723 as semtnan FI6nYodT e Figgire shomstahfibidd fibwf aci | i t ati ng

t he prodycti.on potable water. from seawater is vi d The nethod ma
Compr1 ScURsHER a7 PabERES B bovidsh ShFY ShRCSS SHecs Ao At dorkDel oi ng a ol |

stack. Theqirt oS vBYrmhed e ire SOMPAE $&rdledipfioY (- QBARMIIIAL FareBanat er feed
streamto an 1nlét of the’electrical purification apparatus. The nethod may

further thompli.se fluidly connecting an outlet of the electrical

purification a us ot.abl.e point of.use. Se r. or, estuary water
Ty Have o cobtBntih b th indgarnob g o Rmt A 2230  Hhge of about
10, 000 t#g29hRukiscAScd RaRing FIG 39S RIGE. B S AN §55alsd SipveRawabalredr estuary
wat er matg/8 have a concentration of total dissolved solids of about 35,000

gplm 03 which miag ieiptbesd wigh femalg keatusey 38 ack may conprise alternating ion
Pt . g . of the |
| uting compar Er%ﬁtpzmﬁn@”%%ﬂ% Cﬁr};l{}gék%ﬁaﬁggﬁag%ﬁe{gﬂ)%mgﬁﬁﬁ%ﬁ e ron

di l uti ng conpar n e construc rovide a fluid

flow i n énefdet 6f strabddabore bhding 1inaGB3I DT thoendld and omcenbf atandgbelowpar t ment s
may be constrycted and arranged to provide a fluid flowin a second

di rebt i obprtipting 383 fiheseardsiof dha toreenrsppcer agiphasen IndiG- 488 Arecii®iied above.
Further, ;RAeR oss kBRioh® AL ABEEH LR b Bt TR eiRA 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



and the ion diluting conpartnments nay be constructed and arranged to

provi de a predeterm ned percentage of surface area or nmenbrane utilization
for fluid contact to 30 each of the alternating ion diluting conpartnents
and ion depleting conpartnents. As discussed above, it has been found that
greater nenbrane utilization provides - 42 - greater efficiencies in the
operation of the electrical purification apparatus. In certain enbodi nents,
the menbrane utilization that may be achieved is greater than 65% In other
enbodi ne#idsaniqrxchitsmagTabigng 4OQétar%ﬁ¢cwétbewnM@ weeAre VeRRcess fgfreat er t han
75% In I I I , ild I { Qat.may be
achi eve %%@éa&j%?ﬁsg@éﬁ??%ﬁ%ﬁ&&méxﬁﬁaﬁ&% Bﬁggos# B%%]égél?;# étfe%ren’ ig'gltrllledi | uting
conpar t naatas &ndhé sstond nesant 4639 segl the sghas bifdRiBembyinediund $& the spacer. The
spacer nmpy be a bl ocking spacer. This may all ow passing of the seawater
feed thr%ﬁhﬁ“ﬁﬂ}'ti pl e stages or passes through the electrical purification
appar@atus to jrQw : : I e i jrection of
fluid flow an@“’% eﬁgegﬁzﬁgﬁgﬁ %Jl&é gﬁh?fgﬁe%%é%ltﬁ Wﬁﬁ%‘%@%ﬁ%ﬁ‘%‘fﬁéé‘? g(rj and

pr ovi dedbdadjussd, ofdisthibutedyns redicticdno prodidergreatganvatact aff the Aeidommtipthet nent s.
Using the first direction of fluid flow as a direction runnin long a O
axi s, hHEDbEGR RIS PENPECOPPHTRER A SRPPRIHORISY b FSEaet of  any

angl e gr gaf Sranbfdd rRELRIHIRINAS FloAWithiR 3% dddfRardRAr. THe &fifaaintnenbodi nent s
of the disclosure, the 15 second fluid flow path may run at a 90 angle, or
per pendi way have abstrhelichs s grojeftiensdpiotrosions flangdsnowhaiides thatiyoali previds 2 t he

second fluid flow,path un,. at 180 anal e th irst fluid fl ow path.
The ﬂ’et h%ﬂlcﬁﬁ?h {ﬁﬂgﬁbb}ltec ﬁ{hwstgmruggiﬂ%et%nﬂﬁﬁnwe&%ﬁ}ﬂﬁ (g:’s\[ﬂl'tﬂ’thcilﬁ’ at | east one of
t he al t eprapdctios, pRtrudiohs! tflangess ONMETIE MAY Be fithet @B p&© BERA ek lidnBe

compartnments. One or 20 nore of the_(_:oqr;Eartrrents may be constructed and
ar r angedme@brangs, sk sneegreotonay beian edditioned senataleistrychue thphispragdede

acconpl i | cul ak . hat defines
he compapihrCHERS. The SoRBEAbE L RleckDRE Bl RETRRERTof 176 he fhui d
f1 ow, asbafflschbpbel faheddy pfhwddiap at exicasibn fiom 4n alhbsionthapmay adouse may furt her

conpri se_a. housing encl osing 25the cell_stack. At |east a portion of the
per i Pher e dgn exshange mengbrgpgs tpepe paothee (e gpggsr may be mpregnated with

thermoplastic rubber to form protrusions that may be bonded with adhesive to

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

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

25  baffle 4167, and through outlet 4169.

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

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



the housing. The electrical purification apparatus nmay further conprise a
frame or support structure positioned between the housing and the cell
stack. The frane may be adjacent to or connected to the cell stack to
provide a nodular unit. The electricgl_ purification apparatus may further
conprise a second nodul ar unit that nay be 30 secured within the housing.

The second nodul ar unit may be secured within the - 43 - housing such that
an ion exchange nenbrane of the first nodular unit is adjacent an ion
exchange ne e 4dfand Hé shew additipnd ghbodigagngs with the compartmsptsder B¢ provi di ng

a sourc f - i eqi tjn 0 f
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second natamad36W mdy. beldd-Qurfeny ol®uare-euRtitsh Gekt sfrédm eX3NPhe’IGby4,provi di ng a

bl ocki ng s%g)cer between the first nodul ar unit and. the second nodul ar unit.
A br ackehe dewennth {or segpnd stipwa 4o bmay be eetpeaticylaetorfirgitreamd4oRe housing to

secure t ar, | t i ter
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t r eat ed mtheprex ddsedtivaiynbe nleentappanayls therchatigthoodisl tofthd spacqrs.esent

di scl osure, Fpr exanpl e,., br.acki sh water, having a total. di ssol ved solids
content JURaS B&HE@S Icaa%lefatwwégassrpwlﬁwgamﬁho JpaEsppiafsyBe treated to

produce @afcall@widddEatBiHeTow HaKé Met@nk LAkt HASRMMBH Ak shehent in a
range of about 50,000 ppmto about 150,000 ppm may be treated to produce

pot abl e Wease manifplds ereenct Senfrgentierthsinlds ahdthe dutlef toghaflowtcampditweni ved
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for pur pthgeasodfanditBPedidde ib expeeran®beredubedd body of water, such as an
ocean. Wi le exenplary enbodinents of the disclosure have been discl osed

many 20 nodi fincemesmbodiaents pothe disgloguiged method ©f pEgviding Aserce pler ei n wi t hout

departi |14 0 3 i . i equi val ent s,
ae cet e Mater Bkl MG RRRRmbAE SypBedSERE AR b Pd LT Noury
readi | y pippui@dnal @ofabRiwitbefroidsedugeriapavidedr Shamsktemivhbgusapiiens descri bed

herein are neant to he exenplary and that actual

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 seawater or
estuary water may have a concentration of total dissolved solids of about 35,000 ppm.

In this embodiment, the cell stack may comprise alternating ion diluting

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

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

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

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



25 paraneters and configurations will depend upon the specific application
for which the electrical purification apparatus and net hods of the present
di scl osure are used. Those skilled in the art will recognize, or be able to
ascertain using no nore than routing-experinentation, nany equivalents to

t he specific enbodi nents descri bed herein. For exanple, those skilled in
the art nmay recognize that the apparatus, and 30 conponents thereof,
according to the present disclosure may further conprise a network of

syst ens Yeatpeetfcignsipoindhe opsratipnediths clperirglipyaticaipnaiprarabnt Meedrtadyst em |t

- 44 - g, therefqre rst.pqad { r ' e dirents are
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of t\v%o ggg%%‘?gﬁe%{gwa?gg%ﬁres, apparatus or methods, if such features,

appar at us or Aekimvdse af the hot dimingabhpaitments ahd iceentoncersrating| uded within t he
Jbe of any

scope of the present disclosure. For exanple,. the housin
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secur ed sommitmentse disingsthe kst directicaratdluid Bawgaiamieetion mnpiagriangladl’ nunber of
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par alet evegonsk flyig dow pagh miy &0 ha 0 iaegler onpeapsipdicatando thedrsididd oy t he
Srecer B AyRARRrARL 1 SoEPU G o gt e g o
appr eci dirsdflvidfiosusatial t er ati ons, nodifi cat | ons, and,
The method may further comprise redistributing fluid within at least one of the
alternating ion diluting compartments and ion concentrating compartments. One or
20  more of the compartments may be constructed and arranged to redistribute or redirect
the fluid flow. This may be accomplished through use of a particular spacer or
membrane that defines the compartment that may provide a configuration to
redistribute the fluid flow, as described above.
The electrical purification apparatus may further comprise a housing enclosing
25  the cell stack. At least a portion of the periphery of the cell stack may be secured to
the housing. The electrical purification apparatus may further comprise a frame or
support structure positioned between the housing and the cell stack. The frame may
be adjacent to or connected to the cell stack to provide a modular unit. The electrical

purification apparatus may further comprise a second modular unit that may be

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



25i mprovenents wll readily occur to those skilled in the art. Such
alterations, nodifications, and inprovenents are intended to be part of
this disclosure, and are intended to be within the spirit and scope of the
di scl osure. For exanple, an existing{facility may be nodified to utilize or
| ncor porate any one or nore aspects of t he disclosure. Thus, in sonme cases,
the apparatus and nmethods may invol ve connecting 30or conflgurlng an
existinag1a0|llty to conprise an electrical purification apparatus.

Accor di mflugingisheh thatasgen ﬁgcm@g%memhréﬁw od e sbRPAgar wrkis BdiageRf aBf exanpl e
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FoiRAod e
the use of such terns i s nea conpasst elte lis t hereafter,
and eqU|hla¢leng spax:héaeaméepthsﬁmhﬂodaklradniand dnasbcuntlenmdula@ﬂngﬁ the transitional

phrases "cons nd "gonsi sting essen re.closed or
sen - cl osed t@%ﬁ?ﬁ SPOSIPQ WF?W%‘F%W% ﬂ}%@ EE®o the

cl ai nms. gégﬁeqﬁeﬁbglmala{lm{ﬁrtﬁ@h&gg{g as "first," "second,' "th| rd," and the
like in the clainms to nodify a claimel errent does not by |tself connot e any

priority, preQéddeiypes ofdeedwatsr cahpusieg dif&remt ebragpimatiany or tdalot her or t he
T e B s B R B TR el R
anot her gtafmeaiscldSurt) anMa&pi@mcHﬁHBvaﬁé?Uﬁavﬁlﬁgra 105 dekolvB@ssliddi nal term to
di stinguish the claimelenents. Wat is clained is: - 46 - CLAIM
content in a range of about 1000 ppm to about 10,000 ppm may be treated to produce
potable water. Brine, having a total dissolved solids content in a range of about
50,000 ppm to about 150,000 ppm may be treated to produce potable water. In some
15 embodiments, brine, having a total dissolved solids content in a range of about 50,000
ppm to about 150,000 ppm 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



1. An electrical purification apparatus conprising a cell stack conprising:
a first conpartnent conprising a first cation exchange nenbrane and 5 a
first anion exchange nenbrane, the first conpartnent constructed and
arranged to provide a direct fluid flowin a first direction between the
first cation exchange nenbrane and the first ani on exchange nenbrane;

a second conpartnent conprising the first ani on exchange nenbrane and a
second cation exchange nenbrane to provide a direct fluid flowin a second
10 di r ecisi arcbfereyiods understopd gtat thei foregeingrarhypdimentbara pecsantdd bhavagecond

cation exchan nbrane, each.of the first conpar.tnment and the second
Conpar t nerP BTt AL e AL (15 560 Y bRt QP BYREEEE of oreater
t han 85%hefetd, iR GiHdlbRARIRERAI Plrifidabon bpSdratGbiPecBseNARPBe pRIGBEANE, the
first anion exchange nenbrane, and the second cation exchange nenbrane. 15

2. The ep@emyipedpn pyusnceifically descabyshrHieugesnt iparatysiandipgthedsrare onpri si ng a
housi ng ' o . i L | phery of the
ol 1 57 <SRELER Mol DEnARL ASHEC S Bl W3hiod BEE A a8 REL PTCT
appar at usorabingtic ofit@o ok tiokdsuchdedines, Jipparatusiof aigehqde St suchifestulzet ween t he
housi ng and the cel| stack to provide a first nodul ar unit. 4.
The el ecUPRERYS Jursthedsus Bof myyalbaingeusittenty iginglugled pyithimthe seepgnfiths ng a 25
second n@gggn@msgl%gﬁre_secured wi t hin the housi ng. 5. The el ectri cal
ati

purific on apparatus of claim4, further conprising a bl ocking spacer
posi ti oned beFuemampleetheiossingndiylbarof any tuitabtk gdomesrgcocidthaochelcar unit. -

47 - 6. The electrical purification apparatus of, claim3, further
conplt i WgrepmhERe toiEgacknnr yn Bl ey be SHRE HHane Fane@RREE housi ng.
7. The el&GIgBa) bdPlintleAl AR 3G dé Dr W ctilgtiaM With¥eeh@id giche first
Sdirection is perpendicul ar to the second direction. 8. The
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redi Stri RURSLAMEN & SLabeanh RPolecl o etoudhh b kaERIPRL TNt and the

membranes or spacers may be rectangular in shape. In certain embodiments, a

15  housing may not be required. The geometry of the membranes and spacers may be of
any suitable geometry such that the membranes and spacers may be secured within a
cell stack. In certain embodiments, a particular number of corners or vertices on the
cell stack may be desired. For example, three or more corners or vertices may be
desired to secure the cell stack to the housing. In certain embodiments, the geometry

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.



10 9. The electrical purification apparatus of claim1, wherein at

| east one of the first conpartnent and the second conpartnent is
constructed and arranged to provide flow reversal within the conpartnent.
1510. The el ectrical purification appggatus of claim1, wherein at |east one
of the first conpartnment and the second conpartnent conprises a spacer.

11. The electrical purification apparatus of claim 10, wherein the spacer is

a bl ocki ng spacer. 20 o i
Further, the depictions in the drawings do not limit the disclosures to the particularly

illustrated representations.
As used herein, the term “plurality” refers to two or more items or

9% &Ll

components. The terms “comprising,” “including,

ML

carrying,” “having,”

5 “containing,” and “involving,” whether in the written description or the claims and the
like, are open-ended terms, i.c., to mean “including but not limited to.” Thus, the use
of such terms is meant to encompass the items listed thereafter, and equivalents
thereof, as well as additional items. Only the transitional 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 pame (but for use of the ordinal term) to distinguish the claim

elements.

What is ¢claimed is:
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CLAIMS

1. An electrical purification apparatus comprising a cell stack comprising:

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

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 and the second cation exchange
membrane, each of the first compartment and the second compartment constructed
and arranged to provide a fluid contact of greater than 85% of the surface area of the
first cation exchange membrane, the first anion exchange membrane, and the second

cation exchange membrane.

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

secured to the housing.

3. The electrical purification apparatus of claim 2, further comprising a
frame positioned between the housing and the cell stack to provide a first modular

unit.

4. The electrical purification apparatus of claim 3, further comprising a

second modular unit secured within the housing.

5. The electrical purification apparatus of claim 4, further comprising a
blocking spacer positioned between the first modular unit and the second modular

unit.
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6. The electrical purification apparatus of claim 3, further comprising a

bracket assembly positioned between the frame and the housing.

7. The electrical purification apparatus of claim 1, wherein the first

direction is perpendicular to the second direction.

8. The electrical purification apparatus of claim 1, further comprising a

flow redistributor within at least one of the first diluting compartment and the second

diluting compartment.

9. The electrical purification apparatus of claim 1, wherein at least one of
the first compartment and the second compartment is constructed and arranged to

provide flow reversal within the compartment.

10.  The electrical purification apparatus of claim 1, wherein at least one of

the first compartment and the second compartment comprises a spacer.

11.  The electrical purification apparatus of claim 10, wherein the spacer is

a blocking spacer.



