CENTRAL CORE ELEMENT ' OR A SEPARATOR ASSEMBLY CROSS REFERENCE TO RELATED
APPLI CATI ONS [0001] This application clains the benefit of US. Provisional
Applications No. 61/106, 219, filed Cctober 17, 2008, and 61/111, 366 filed
Novenber 5, 2008 each of which is herein incorporated in its entirety by
reference. BACKGROUND 100021 This invention includes enbodi nents that
general |y rel ate t CENTRAII COREGIIEMENE FEIR A fSOPARNTDRASSERBIANDI i es. I n
vari ous enbodi ments, the invention relates to central core elenents for
spiral flow separator assenblies. The invention also includes nethods for
maki ng separ l hSi | core elenents provided
by the preseg?ﬂ?%ggﬁﬁggﬁ&éﬁaggggﬂé%%@gﬁ%?ggéfﬂgggarator assenbl i es

typically conprise a folded nultilayer menbrane assenbly disposed around a
por ous exhaud900dbibisi epplirhéont ollalmg thel beediyeofl kb FbrRiodsiona edpbljcabiomspri ses a

feed carrier N&X?fl9&,@15,'fﬁé<f RRBLAES, MokNadd 8121 %éﬁeﬁﬁﬂfllﬁgféﬁlg?xf 5 3,gfRTbr ane

| ayer having an actir've’surface and’a passive surtace. ded nmul til ayer
menbr ane asseadi of vdligo's bemiprin@emracp@ritreatietydyrefeemcé.ayer in contact with

t he passive surface of the nmenbrane | ayer and a porous exhaust conduit. The
fol ded nmenbr gog- gnﬁqructure ensures contact between the feed carrier

| ayer and the né%%%gne ayer without bringing the feed carrier layer into
contact with the perneate carrier |ayer or the porous exhaust conduit.

Duri ng oper atlf¥3] B swentiop|ipelpdns cededimentsrifatageneplly eclite thaeaniral corst o
contact with Jfhef fedeGRl SkedBINE! RatRE dMohinAke e BANBNSI1ASSRTD! ¥

whi ch transnfts ?Le fge SO u?#on to tﬁ% aé%#%e supfage o_lgﬁéanengkane

| ayer which mouidlicese gledentsafes spiradl Hopomepirainr efsembbics eddesiovantivnralws a

permeate to tng, RErABALR fo@r%lhlgﬁ%izst@?a%tm LenbR&d Fé@h@&&{é@ga'c&%af Qoxes to

di srupt solute accretion at ve surface o rane | ayer and
transport excbssnseratideddytthofrescheinventinl ayer nmenbr ane assenbly. The
per neat e passes via the perneate carrier layer into the porous exhaust

frﬁlnf'ﬂ ; whi ﬁ@&(ﬁﬁ!{b@ﬁ%ﬁti&% sB@JrHﬁPE?se%l%&a%}cQﬁy WHRHAR b1 Rhkifyge fol ded
yer rane assenblies have been
membrane assembly disposed around a porous exhaust conduit. The folded
multilayer membrane assembly comprises a feed carrier layer in fluid contact with the
active-surface of a membrane layer having an active surface and a passive surface.
The folded multilayer membrane assembly also comprises a permeate carrier layer in
contact with the passive surface of the membrane layer and a porous exhaust conduit.
The folded membrane layer structure ensures contact between the feed carrier layer
and the membrane layer without bringing the feed carrier layer into contact with the
permeate carrier layer or the porous exhaust conduit. During operation, a feed
solution containing a solute is brought into contact with the feed carrier layer of the
multilayer membrane assembly which transmits the feed solution to the active surface
of the membrane layer which modifies and transmits a portion of the feed solution as
a permeate to the permeate carrier layer. The feed solution also serves to disrupt
solute accretion at the active surface of the membrane layer and transport excess
solute out of the multilayer membrane assembly. The permeate passes via the
permeate carrier layer into the porous exhaust conduit which collects the permeate.

Separator assemblies comprising folded multilayer membrane assemblies have been



used in various fluid purification processes including reverse osnosis,
ultrafiltration, and mcrofiltration processes. [9004] Folded multilay r
menbrane assenblies nmay be manufactured by bringing the active surface of a
menbrane | ayer having an active surface and a passive surface into contact
with both surfaces of a feed carrier |ayer, the nenbrane | ayer being fol ded
to create aypCkehridiskRidpirHRhineprdtsel) iﬁé]ﬁ(cﬁh%ﬁb%ex%@@sxﬁ&%ﬂul‘ﬁ@ﬁhﬂaﬁén,' ayer.
The passive surface of the menbrane | ayer is brought into contact with one
or nore per ABGIEREFAH@DOKEES.s t 0 produce a nenbrane stack assenbly in

whi ch the fol ded nenbrane | ayer is disposed between the feed carrier |ayer
and one or rmma]hp@amhﬁla@&rm@ﬁmraﬁ@aé@dn%nefme& vé ahhitictebd sy singiRpEane stack
assenblies, each in contact with at | east one common pemi eate carrier

layer, is tREHVeRBUHE CAR HIsHPraAe LySURNINESHAFIYSSHE RS 8% A RABVe BHGIRt0| n

contact witRodifg ﬁﬁ%&u%éé&%%%e‘&%ﬁieﬁ[ayk@bﬁ%rmétﬂbrﬂ{eqy}iegﬁeih@ﬁ)léﬁﬂér at or

assenbly conprising the nultrlayer nmenbrane assenbly and the porous exhaust
condui t. Théreedgesodet-tikrestisiy amichsunaelRradseil rasenlagerapphoprssieel y

seal ed 1o PiefRlordhd BEhbEABNARE i Clrobdlf ifi6 2ond0 Wil 8o W hidrd Bt T2al ©
carrier layer. A serious weakness separator assenblies conprising a folded
mul til ayer wemionlapers dspiodire\n membrang stadkeassenibdly imgwhith thefoldedrinembeantayer may

result in | f upctd on | eadi (o) t between
the feed soI? tf%ndlgﬁg%wﬁérﬁgﬁ% %algllr%rqid%ﬂ’gIagl@gyg%g%g%%%ﬁ%,&%‘ﬂegre exi sts
a need for flayetshekx plumpityovieswelntrembranbetatk tdsenides, goh anchntenwithet leas of
separator asgentlics OMDII Shng ONS OrwIDLe. MULILaYer IEEDLANG agsendl ies.
Particularly in THe™ P8l ot Wat ef ’purl‘fl cation fTor "humanh con urrputgi on,
there i s a coelimpeal dontgt ireeshtdco withthe comhios tpeandte @niadhger e parvadeothe
assenblies which are th effi.ci gjgt a]ip cost ffectivg BRI EF DESCRI PTI ON
0006] In onéepé‘%?fo‘isr"fé‘ﬂ’?é’ ORI SePU Ry e PP BR Y 8RR Y BRPH S cor e

el ement for eshasepahaiior hsS edgel v thd@embAhé dlack assembli@n@atapgropiditlsi Ng at

| east two porous exhaust. conduits, the porous exhaust conduits. conprising
an exhaust ESHEHhEIPGEAt t‘b‘?ntar‘EbPEthBE%eﬁli St‘?!i’é“’ lﬁ’htﬁﬁPF‘BWatFlcﬁFt?r&%’ﬁ‘f’runi cation
between an ext@ihudweSthedsaepardbr hREMPIRK RUMprising a folded multilayer membrane

assembly is that the folding of the membrane layer may result in loss of membrane

function leading to uncontrolled contact between the feed solution and the permeate

carrier layer.

[0005] Thus, there exists a need for further improvements in both the design and
manufacture of separator assemblies comprising one or more multilayer membrane
assemblies. Particularly in the realm of water purification for human consumption,
there is a compelling need for more robust and reliable separator assemblies which are

both efficient and cost effective.
BRIEF DESCRIPTION

[0006] In one embodiment, the present invention provides a central core element for a
separator assembly, the central core element comprising at least two porous exhaust
conduits, the porous exhaust conduits comprising an exhaust channel and one or more

openings which allow fluid communication between an exterior surface of the porous



exhaust conduit and the exhaust channel. Mreover, the central core el enent
defines onfigured to accommbdate a first portion of a nmenbrane stack
assenbly. [0007] In another enbodi nent, the present invention provides a
central core elenent for a separator assenbly conprising two porous exhaust
conduits, the porous exhaust conduits conprising an exhaust channel and one

or nore openidiBsustéunahit add GWekhaubtEheHITUMOFBYdrOthe REIHWE Bdte BRNRXL R
surface of the porous exhaust conduit and the exhaust channel. Moreover,

the central AdPBibetwRgped fugcreraaodatealirst portion el ayuembrangstagkasismbliat e a fir st
portion of a menbrane stack assenbly. [00081 In yet another enbodi nent, the

present i nverpheon I athedl @mbadieRAY HRl préseitein@Ingb® plovides a defiRPadratRmeAssENbl Y,
the central core elenment conprising two identical half-cylinder shaped

g .
por ous exhaudP’ & HRA/IOT ESSHHBIYSORPESAE tHOPYAS Ekprush sandeih disi ROTOBSHBSes an

exhaust channghaaRdoRPRsifY alNLEu? RRMInBIGHd WAk 6Pmdld PbhinbiivHick ITH RlufAt | on
bet ween an exterior surface of the porous exhaust conduit and the exhaust

channel , and “BENNS8IUSCtERIalS EXteMTdURcecoinfie iR tawbrusperadpit @nd tient s,
sai d spacer ekgpENtSnAg! MBH&gen?tIféa‘?éher &Wéll&rﬂb’:&%ﬁh& @emgmaﬂ el 1 7St
y. T ot her

portion of a nenbrane stack assenb 100091 These and atures,
aspects, and ageivemedatresiinst partien @aaseprgnastack nssemblyood nore readily by
reference to the follow ng detail ed des BRI EF DESCRI PTI ON OF THE DRAW NG

FI GURES [0008] In yet another embodiment, the present invention provides a central core
element for a separator assembly, the central core element comprising two identical
half-cylinder shaped porous exhaust conduits wherein each porous exhaust conduit
comprises an exhaust channel and one or more openings which allow fluid
communication between an exterior surface of the porous exhaust conduit and the
exhaust channel, and each porous exhaust conduit comprises two spacer elements,
said spacer elements defining a cavity configured to accommodate a first portion of a

membrane stack assembly.

[0009] These and other features, aspects, and advantages of the present invention may

be understood more readily by reference to the following detailed description.
BRIEF DESCRIPTION OF THE DRAWING FIGURES

[0010] The various features, aspects, and advantages of the present invention will
become better understood when the following detailed description is read with
reference to the accompanying drawings in which like characters may represent like

parts throughout the drawings.
[0011] Fig. 1 illustrates the components of a conventional separator assembly and

method of its assembly.

[0012] Fig. 2 illustrates a membrane stack assembly disposed within a central core

element provided by the present invention.



100101 The various features, aspects, and advantages of the present
invention wll becane better understood when the follow ng detail ed
description is read with reference to the acconpanyi ng drawi ngs i n which
i ke characters may represent |ike parts throughout the draw ngs. 100111
Fig. 1 illustrates the conponents of a conventional separator assenbly and

et hod of i §13pBRlisrt Q4R arfibasschnbly Lottt Aleesoohr TRBRI AiRnt bARK assenbl y

di sposed within a central core el enent provided by the present invention.
100131 Fi g. P®s¢nt nysutiost es a separat or assenbly conprising a central core
el ement of the present invention. [00141 Fig. 4 illustrates a spiral flow

reverse osmpg1g| Pa?P@riﬁﬁﬁiﬁteéstpﬁaPﬁ&PQQ@e%e SEILE HppHALE afl 8 BRpoRéPViI ded by
t he pr esent 1 nventlion.
central core element provided by the present invention.

[0015] Fig. 5 illustrates a method of using a central core element provided by the

present invention to make a separator assembly.

[0016] Fig. 6 illustrates a pressurizable housing which may be used in conjunction
with a separator assembly comprising a central core element provided by the present

invention.

[0017] Fig. 7 illustrates a porous exhaust conduit in accordance with an embodiment

of the present invention.

[0018] Fig. 8 illustrates membrane stack assemblies disposed within a central core

element provided by the present invention.

[0019] Fig. 9 illustrates membrane stack assemblies disposed within a central core

element provided by the present invention.

[0020] Fig. 10 illustrates a central core element in accordance with an embodiment of

the present invention.

[0021] Fig. 11 illustrates a central core element in accordance with an embodiment of

the present invention.

[0022] Fig. 12 illustrates a central core element in accordance with an embodiment of

the present invention.

[0023] Fig. 13 illustrates a central core element in accordance with an embodiment of

the present invention.



[0015] Fig. 5 illustrates a method or using a central core el enent provided
by the present :invention. to nmake a separator assenbly. [0016] Fig. 6
illustrates a pressurizabl e housing which nay be used in conjunction wth,
a separator assenbly conprising a central core el enment provided by the
present invention. 100171 Fig. 7 illustrates a porous exhaust conduit in
accor dance wpkrameEpbescRETEIONt he present invention. 100181 Fig. 8
illustrates nenbrane stack assenblies disposed within a central core

cl ement provi t he pr.esent.Jjnvention. 100191. Fi 9 illustrates

renbr ane: o adi0AL 2 s FREVEE SRR R BBl PG TP o ded
by the presenhadeny£hihd of 8 Ghidhis@all BOddfinkdiktHadd 88 f@llowaRd Madniger € el ement
in accordance with an. enbodi nent of the present invention.

[0025] The singular forms “a”, “an”, and “the” include plural referents unless the

context clearly dictates otherwise.

[0026] “Optional” or “optionally” means that the subsequently described event or
circumstance may or may not occur, and that the description includes instances where

the event occurs and instances where it does not.

[0027] Approximating language, as used herein throughout the specification and
claims, may be applied to modify any quantitative representation that could
permissibly vary without resulting in a change in the basic function to which it is
related. Accordingly, a value modified by a term or terms, such as “about” and
“substantially”, are not to be limited to the precise value specified. In at least some
instances, the approximating language may correspond to the precision of an
instrument for measuring the value. Here and throughout the specification and
claims, range limitations may be combined and/or interchanged, such ranges are
identified and include all the sub-ranges contained therein unless context or language

indicates otherwise.

[0028] As noted, the present invention provides a central core element for a separator
assembly, the central core element comprising at least two porous exhaust conduits,
said porous exhaust conduits comprising an exhaust channel and one or more
openings which allow fluid communication between an exterior surface of the porous
exhaust conduit and the exhaust channel; said central core element defining a cavity,
said cavity being configured to accommodate a first portion of a membrane stack

assembly.

[0029] A porous exhaust conduit of a separator assembly comprising a membrane
stack assembly may be a permeate exhaust conduit or a concentrate exhaust conduit

depending on which layer or layers of the membrane stack assembly the porous



1002: 11 Fig. 11 illustrates a central core elenent in accordance with an

enbodi nent o the present invention. 100221 Fig. 12 illustrates a central
core elcnent in accordance with an enbodi nent of the present invention.
100231 Fig. 13 illustrates a central core elenent in accordance with in

enbodi nent of the present invention. DETAILED DESCRI PTION [0024J In the

foll ow ng spegikd éb%&ﬁ@'ik ﬁ%n{abﬁwﬁil a'AmEHeM' chiRhd O With: z{ péshepgRuaRde to a
nunber of terns, which shall be defined to have the follow ng neanings.
conduit when the layer is configured to permit transfer of fluid from the layer into the

conduit without passing through an intervening membrane layer. A permeate exhaust
conduit is in contact with a permeate carrier layer surface (or in certain embodiments
a membrane layer surface) in such a way that permeate may pass from the permeate
carrier layer into the permeate exhaust conduit. A concentrate exhaust conduit must
be in contact with a feed carrier layer surface in such a way that concentrate may pass
from the feed carrier layer into the concentrate exhaust conduit. Each porous exhaust
conduit is typically a porous tube running the length of the separator assembly,
although other configurations may fall within the meaning of the term porous exhaust
conduit, for example a longitudinally grooved structure, which structure may or may
not be cylindrical, running the length of the separator assembly. Suitable porous
tubes which may serve as the porous exhaust conduit of a the central core element
provided by the present invention include perforated metal tubes, perforated plastic
tubes, perforated ceramic tubes and the like. In one embodiment, the porous exhaust
conduit is not perforated but is sufficiently porous to allow passage of fluid from
either the permeate carrier layer or the feed carrier layer into the interior of the
porous exhaust conduit.  Fluid passing from a permeate carrier layer into a porous
exhaust conduit is at times herein referred to as “permeate” (or “the permeate) and
the porous exhaust conduit is referred to as the permeate exhaust conduit. Fluid
passing from a feed carrier layer into a porous exhaust conduit is at times herein
referred to as “concentrate” (or “the concentrate”, or simply “brine”) and the porous
exhaust conduit is referred to as the concentrate exhaust conduit. In one embodiment,
the central core element comprises at least two porous exhaust conduits each of which
is a porous half-cylinder shaped tube. In an alternate embodiment, the central core
element comprises at least two porous exhaust conduits each of which is a porous
half-octagon shaped tube. In another embodiment, the central core element comprises
at least two porous exhaust conduits each of which is a porous half-decahedron
shaped tube. In yet another embodiment, the central core element comprises at least
two permeate exhaust conduits each of which is a porous half-tetradecahedron shaped
tube. In one embodiment, the central core element comprises at least two porous

exhaust conduits at least one of which is a porous teardrop shaped tube. The porous
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100251 The singular forns "a", "an", and "the" include plural referents un
context clearly dictates otherw se. 100261 "Optional"™ or "optionally" neans
that the subsequently descri bed event or circunmstance nay or may not occur,
and that the description includes instances where the event occurs and

i nstances where it does not. 100271 Approximating Language, as used herein

t hroughout  t hehfaREGnhifahd O eddhbcelBdnd® withYa RErARBl &8ndn® hiRAhd ¥imeany
quantitative representation that could perm ssibly vary wi thout resulting

in a change % dtffreens skapes.f Imenei Srpodisnaphi tcqntral core glepericrommeises ralilesdfl y, a
val ue nodi fi egde t}%rc@ls @MU O onlifit rl‘i§vin? YChas dirRRaH fromP b thes ggﬁ)tué‘%;dﬁaﬂgtj y", are
not to be limted to the precise value specified. In at |east sone

i nst ances, t [fendufpprerénian tha gahe pepirabeordvplgmenty rle 9pothet embodimenprBei dieon of an
instrument faqr ' : ecification
and cl ai ns, 8%"355@’?#[61&? grtlcliu%%g%?réﬁlyﬁ‘b%@%%b@%%&%ﬁﬁ%&%?@? gﬁ nged, such
ranges are identified and include all the sub-ranges contained therein

unl ess cont eX00381 Asanglilbryein; thelteat ayl@geyrs myingheanc[902By Asferrotoadsecaride

present 1 0veRbifil Y hilfibrile SREL b&bmBR! AsRbelBRnd B RnBSRBLAGheRSSeDI Y,
the central core elenent conprising at 'l east two porous exhaust conduits,
sai d porous d&tGalgliscisedibeen dostptdssiingamhsassarh petiomsh@3heind 238) ofitheor nor e
openi ngs whi i ﬁrrmbnk t| i 2xt.er i,or f.ace of the
por ous exhauglﬁbngd(g%n%nglt{(:kgﬁ%n}% e ekh%uﬁsl?gréﬁ%g%‘&hggflgﬁ%legh ragfl%lilc%rﬁ%eel enent
defini ng a cawltilyyersaéngbramvassgmide icogpiies fthegteced potiac 2 dha tneengbriner st

portion of a nbr ane. st gck..assenbl 029 or ous exhaust duit of a
separ at or asS&N Iaﬁsegg’l rl?gi%sd’oie%n%ﬁ‘%?%gﬁlge 5?%‘@’?05 esglﬁ’ﬁ‘le?}‘ ng[ttj‘e brg‘(ﬁgﬁﬁ%rr neat e
exhaust condumdmt@aneaseaibtyedvniprises @x feadhrrieo higier 116, two permeate carrier layers

110, and two membrane layers 112 disposed around the central core element

comprising two porous exhaust conduits 18, which because they are in contact with
permeate carrier layers 110 serve as permeate exhaust conduits. The separator

assembly 300 depicted in Fig. 3 does not comprise a concentrate exhaust conduit.

[0031] Separator assemblies comprising a central core element provided by the
present invention may be prepared by disposing a first portion 231 (Fig. 2) of a
membrane stack assembly 120 (Fig. 2) within a central core element provided by the
present invention and then rotating the central core element, thereby winding a second
portion 232 (Fig. 2) of the membrane stack assembly around the central core element.
As is disclosed in detail herein, the configuration of the membrane stack assembly and
the disposing of the membrane stack assembly within the central core element are
such that upon winding of the membrane stack assembly around the central core
element to provide a wound structure and securing of the free ends of the membrane
stack assembly after winding, a separator assembly comprising a multilayer
membrane assembly disposed around the central core element provided by the present
invention is obtained. Those skilled in the art will appreciate the close relationship, in
certain instances, between the membrane stack assembly and the multilayer
membrane assembly, and that the membrane stack assembly is the precursor of the

multilayer membrane assembly. It is convenient to regard the membrane stack
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dependi ng on which |layer or layers of the nmenbrane stack assenbly the
porous exhaust conduit is in contact with. Alayer is "in contact”" with a
por ous exhaust conduit when the layer is configured to permt transfer of
fluid fromthe layer into the conduit w thout passing through an

i nterveni ng menbrane | ayer. A perneate exhaust conduit is in contact wth a
per meat & Cagfdfibly! AY Bl 368 (" miiIaG6 hiehBrfaROdiBRNLS «BofRIbrRne. | ayer
surface) in such’a way that perneate nmay pass fromth erneate carrier

| ayer into shaldpdemuathesiesdhduwevasofdtias . defingto hereint p anetiBy¢ramsmbrgondui t nmust
be i n cont ag. M dudiothGRL BRI L AUTE S LRGET N SHENnEmARY, Lok
concentrate nmay pass fromthe feed carrier layer into t e 'concentr at e
exhaust condssetblidsatispopulr witisn exdeaud tcoxoelekuertt, assothgrpheab of dapgorgoths t ube

mmng the Length of t separ at or _assenl al. t.hough ot her configurations
may 11w R pordonbbife TERBFAP RE-PERATRY Myl MEREl e e, et e
a | ongi t udi badome aghitubice d Askpaigibtasesmbii t@hpriingucdedtr coryelanentptovided be
cylindri cal bk unni n& the.l engt h of . t h%@tﬁgar at ﬁ'ﬁ? assenbhg}. Sui.t.abl e porous
tubes whi ch ¥l REESFYIdnVERtionmay sqmprise & X! OSHGTARE 2P REPEEM fal core
el ement pr ovéddad pbiyioh BE oy &SABIe héimeiid Batki aghibties panfipdapedd apiuad t ubes,
perforated plastic tubes, perfoEated ceram c tybes and %thtg like In one
enbodi ment , e 08TFsCl @A S P HRRFmRoLeH SRemRERRedRYrR el By g ayer

suffici ent! yneRMFAYSasténiy laQVRESTABRIs Ur drbadbd fih OMiGhd BRbodiMenehaeat
carrier layer or the feed carrier layer into the interior of the porous
exhaust condeRafatorAsssebly £OWPHENE thimuBidpe CruE eorapement pryided t§ca por ous
exhaust congdplstntiisyeffior! ik BRRaddeI L By h pbRNdaRLakfr &Fer AGK ?ﬁﬂtlé%fgt}{ Qhicht he
perneate") and the porous exhaust conduit is referred to as the perneate
exhaust condusignifi@nily shopiss hpm ghefcopprpandiegeprrpgste Farer layes flopmagh lsngbr ous
exhaust conghh bokgninat LdffitoR 8EhBly! i 1Efh 08 pemEARCERIE Bher ndpr " Lhe
concentrate”, or sinply rine”) and the porous exhaust conduit 1s referred
to as the combdnenamportanhipgtor afiecivhgithe magnipnde of ilivopriessret drop lnerogsetheér al core

el ement co | st 0 L pch is a
porous hal f - @?%?%d%%e%kﬁgpe%fu%%% Bfﬁéaﬁégf@%%gﬁd%%gﬁﬁgﬁ?fﬁeﬁgh central
cor e el enentnveniris gemteatatingrsh thavrlqooen ob ueki apsttigemiditioss. eAs widf whi ch
is a porous. half-octagan shaped . tube..]ln another odi nes he.centr al
core o enont 2BissPrra 0 RIEBEH Ul BB B AR B TRl g A

i S a por ous phatt -idendabe diso ofiehapieaificdnt bdvantagey @t tametdiemse pabdostreiiit , t he
central core elgment £SO [i sesglgh. | east..two perneate exhaust conduits each
of which i s EOPEFETL AP S FEGEE SAEE6n shaped tube. In one enbodi nent,
the central core elenent conprises at | east two porous exhaust conduits at
| east one ofl0032] Ak notsd,ahpamouiscotededen prayhizpdd theulyesentiheenpon defses exhaust

conduits may_a ach. occurrence within a centtal core elenent .have the sane
or i 11 or entraARRE s R G Bedintabdhic’ fiEbaflc pE SafuTel BHENE Yo npr | sos
at | east onenapofaoiufe dHalepisitorcnebly cdidptsing the Shaplecoed dlém¢re pfovided by anot her
por ous exhau%} conduit .present in the sg}qre central core Ierr%(gt. 1 n anot her
enbodi ment , fIHressRt IPYFé‘tIBIbra & PRYIRR 94 £ MEGIRERIE Sk PEEBRLY 1§ HRRSERRINAI core
el enent havénhd degtraaoR: S&a@e and HO20hd Asrtitis etlthB8iimé hembh@e b@clMisseibly i | ayer
menbr ane assenb{é%j" refers to gleseco d portjon of the nbr ane ?)t ack
assenbly di $pISRH &8 e FFarRletr glomest andepisites appgtilayeymepbROy her ei n
i1l ustrates afdemnbly. Bdeh HEGRAUBrAAO bihtlORSenitdp IndNE maBAdycPinehbansBRBhBpe st ack
assenbly 120. In the enbodi nent shown in Fig. 2 anof Fig, 3, the multilayer
nenbr ane as SERBIISF ¢ &iaprans decdicpaios By e dMperials gHtablg Jorgse phhefasdagife st ack
assenbly 12Q,.di 5PR8EH:ah10 Wdt-fiREmAEME AbougR Waich! SR Nolutibh Saflold. 1Y er

menbr ane assenbly conprises one feed carrier |ayer 116, two perneate

carri er | ayéetdnin pmbodipgntsibe feadntasine lhyey dy sonfippredi sypfo gt flavorfri fache central

cor e, el eMment APt 01 ANOUSCLINANSonE MU cleepitBloPRbiRGBUSE ¢ hey

are in contact wt erneate carrrer layers 110 serve aS perneat e  exhaust
conduits. The separator assenbly 300 depicted in Fig. 3 does not conprise a
concentrate exhaust conduit. 8




[ 09311 Separator assenblies conprising a central core el enent provided by
the present invention may be prepared by disposing a first portion 231
(Fig. 2) of a nenbrane stack assenbly 120 (Fig. 2) within a central core

el ement provided by the present nwention and then rotating the central core
el enent, thereby winding a second portion 232 (Fig. 2) of the nenbrane
stack assenbliyonpsibldnlaiBstGEMRT (HeQEFarftbLIBRMbly Qe FBedisRbos flel et ai |
herein, the configuration of the nenbrane stack assenbly and t he di sposing
of the menbr gl SraKlayes e i Pt tHinthe Heedctahtion) anddeaniatigenia weendsuch
that upon wi ndihg o ke RRBPLABRS! Hhlfe 3SSARBlkALAUDL (e EaRbiale cor e

el ement to provide a wound structure and securing of e free ends of the
menbr ane st ackrizesSelior yheafeedeariigrrayeng The fesd samriat byeranayesanipyisesimpstires ne a
mul til ayer m;ﬂp SSERlY: 1t : t
provi ded by t e(l"r gglg%t [ n\t/%tntl oﬁq?egﬁgg%egﬁg%&nm%géefag%{i]ﬁP%Igac‘?kv% he art

wi || appreci dtel dahrer Hyosas arme¢aas bhprsvengng exvesserctsalute huilldtupriaesstiobedt Ween t he
menbr ane stac enbl y and t he | tila ugbram ,assenbly, .and that the
Torbr ane. st ack S Bief Ty B€ sPitolibieBY Y QR (ARETE PR e
assenbl y. |t pedoratedpdniiesieett dn aeglat dmbbdimertnibe devd csiriac layerds smiirisyd oS
"unwound" and t Itilayer ra assenbl s ~wound". It should be
enphasi zed, ﬁcﬁfgglé’rﬁ,é TPl SheRL g‘g’fn;?ﬁléogﬁﬂéf"i’?%bmﬁxﬁﬁletfﬁﬁgﬁﬁer YL TORPESSSs senbl y
i's not |im teddeustdtposieungicridl.ol® yethothBeerbodifér, e mudantics laekKis a
assenblies disposed within a central core_el enent, as other neans of

di sposi ng t hé’?egﬂ%g"rdt?&cpg? 4 FtoaH“’g‘Fr fRBodimpl hrdewh er@?éh%‘f DlasicoieFENt he
central core TekeeaNarltRYaybe@eBe eotdprisadbeihe AarbepalcAhlol RESRMBAY cHASPT | Si ng
a central core element provided by the present invention rmay conprise a

mul til ay-er HBFbPahaRicsidedfrEnChomthatiusg o dedsracaforatigiast Bher@l mor e
nmenbrane st ackibddaRARIE Ssparadtfladkh¥lich DRPAGHs MeQUitFhl EHE cRfRhIRbviGQAH €l ement
such that the conmponent nenbrane | ayers of %he rnultil ayer nenbrané

assenbl y ar e the @esept inventign, e fedecagies layphis\igt ingtestaghiyidle prexiagst copduit

separat or as3efl¥pahRisiydg the unique central core el ement provided by
the present invention is characterized by a perneate carrier |layer flow

path length which is significantly shorter than the corresPondi n_%lyper neat e
carrier | ayed0433blp serain cahgdiments, thecuemnng siael assephlyatnsh sy The

l'ength of theR@fiRAIRHRY drh sb@¥abr hsOMbRA dnprRir@Na IERRN LR efehOr
affecting the nmagni tude of the pressure drop across the separator assenbly.
Thus, one of pravededeyytha dyesantzigeention soingast byingleepepneate parriemippert | loreni s
greater |ati i : i i t 4 .t wil |
beconme appar éﬁ%ﬁ%ﬂg%{rﬁ)gglgﬁgt’ Efgér g‘?ﬁlg?d)fl}elsé I IaLgleIrrllBBﬁ&eﬁa{rhtg qrél?{tﬁg?érrﬂéa |?1IbeAts hi s

di scl osure, tabembhe®ewprisé shlerst ivorpeahste aifielaycsi (Matériatemitatde fmntages i n
ternms of eas C nuf U epar at.Q ssenblies generally.
10031 s moreits Biter Hhe LR BUUPE ol SR BORGEL BOSFTRhF S plREL
cinvention dedayrfiesv. dnvandusymbbdiedeniss theqrimaity @ridrdayacs comfipaddeueh hetbr ane
stack assenbly.. Duri the manufacture of a.separatoy assenbly conprising
The central . dipeoirae i & e sk CopPudBht SEBLARr SR el por ton
of a menbr anéyshapisens ateition, pemtheIsedn W dpithNpdtih glo6g el Rirmeddd Carfiérenent

and a second portion o t?ﬁ% same nenbrang stac assgrbh%ﬁ’i@ (ﬁglund ar ound
the central ¢80k ‘@PBREhEL LAY WOnRYMERE cxbapshegndpisy & o Rt Senp) y .
Bot h the nenbeanatestakr &ﬁ@f—‘ﬁb'c_ﬁm@ﬂﬂ:d’f BE anpértdrhtay PlastiE NdREANE IR SHSME Y
conprise at |east. one feed carrier |ayer. terials suitable for use as the

Feed carri er SrRgéifent e peameqte sarperdaydsdeeomnriged aat afifuped merbspst- Wi ch a.

feed sol uti oRefm¥itel Mbodifet bt e RAGEMBNTombhss h§BFbus EdhpdsRE. Inayer is
configured such that flow of a feed solution through the feed carrier |ayer

occurs al ong Yehaogher embgdimpn, dhe parmeptsrcagies daypr i a Hasseniaboicn s yoanether r st
surface of t Qﬁlbodiﬁfeﬂf, e ﬁe?ﬁi@%ﬂp Ichri@r 1&&%9 asﬁi{lgti@ screen. In separator assemblies




feed carder layer is in contact wwth the feed solution and termnating at a
second surface of the separator assenbly where a concentrate energes (the
"concentrate surface") fromthe feed carrier |ayer. The feed carrier |ayer
may conprise structures which pronote turbulent flow at the surface of the
menbrane | ayer in contact wwth the feed carrier layer as a neans of
preventi ng @ﬁli i I ild- j : J”Bﬁ?r urface,
in one err‘oogf)(rﬁ nt ,g 1%‘?%121811@ é%%jéggzrc%?lg?g?’é@gﬁé?éé{ng%{%rﬁ%gltelgb%cr)f a [l)agr g?at ed

pl asti ¢ sheef the|samapotliffsrene Matrdirlseior exdnide peeperwagte icariet Ryarmiysbeadnpri sed
of a perforglad ARkl A0GR! snclil: ¥EhARQLAEE 1SAPAU FRM 6.l GEA (carr i er

| ayer conprises a porous conposite nmaterial.  I'n"yet another enbodl ment, the
feed carri ewobhyabrici sinaadditmata singebpdracatd rayiet lanotdagrcoepoedidifiandnt t he f eed

carrier layer is a plastic screen. The feed carrie ayer .nay be conprised
of L he. sans e aRIERe e RR e BE g Ry aft b RE e T T e on
fromthat us@flef et htn pr BABIEmMER] Fdregxainpl¢Lthe prdseae idvantivneprbadestent s of
separator assenplies conpri ing t he central gore el ement provided by the
present i nvEMHROROE 8?&‘&1& i YPARIRY @psepd yn%‘fml?rﬁméoani’%’&ea\ﬁcﬁweén exhaust

condui t of tRer, sepaloata?whasSRibtaye caldftddkr ish pavdtatehcemirag biieicsher t he
menbr ane stack assenbly and the mult hayer nenbrane assenbly of a separator

assenbl y coRPFPR Phyyhish BERerts cargipr 18y IR E6 £3969- by the present
invention conprise a single perneate carrier layer. In an alternate
enbodi nent , [6038] IechaanembidkntgsEe rbhtyal anek tlbedtUdrbvilay By the plesaine

assenbly conprise at | east.two perneate carrier. |layers. Materials suitable
for use as HVBRNTRHLY WA i1 &ioP régpéflssmmywaglpflrla&i%ﬁl@%ﬁ*@@@!ﬂflf haterial s

through whi ¢h cartdie oiRateenbdBinchisOhe bdhtPESO Userdid QRbVIBIAL By thd@rep@lt Meat e
carrier layer is configured such that during operatigon of a separator
assenbl y coffPRéganbe gtd 12 sprEiasI2BIEND: CERBTIE 1By PHeTsPEsBht
invention, REERE&IEHAREN BadridPiidble BtuBe A AABbHERSa RS B AR 1GBWAI er | ayer
to one of at | east two perneate exhaust conduits. In one enbodi nent, the
permeate cadt iher attay¥sS. iPgtero My tdd 364, fr permpleatiselows o sepipgmeatle | n

anot her enbodhRRL, prlfAGPREMBAE GedtAbd lofan | ANRAtic! Bol EATRE lwida Qb1yacyper for at ed
metal sheet. In yet another enbodinent, the perneate carrier |ayer

conpri ses ahpléleousicle barplsih tfeund| t byestlectaivon reverssrdsogbirsyitems dieccisdrateat e
catrier | ayghedy Gl hldied @Rahfealifin¥ o3I Aor FIRAM TER cartlii PET MTEAL €
carrier Iayer] I'sTa plastiT screen. I'n separator assénblies conprising

nul tipl e pernieat dJ).SalaténeNol 49€53R4, fnexperlaelacsoarmimbrahcyepasediaynbe made
of the sane (e 1:(:9(!,t]c ilegfea?xt arrrnlraltt?cr I (ﬁl ascgl Lq{%ieev)v(ﬁln‘gIb?fu?&%ngleér&%gﬁﬁealﬁﬁl% i €r I ayer
may be a plastic Pabri’c ite Phe*dndt Kér perneate carrier layer 1s a

nat ur al mat effodl a Yobimeais matotial f which das Ibaeradelintli wefud isithglpecppatioeatfe carri er
| ayer may conprise 1di ffgtre?t materials at di Fferfntt: I g)cationsc l.ong the
perneate fl TR XTSI h e FRPHR QPBOULMPIEF fixgist 2 FHCHHE CiBdi ment |
For exanpl e saltsheuchrae Sethdtesi N @dkti cedhinfovl G€SerReL dditiiliihg dRr@e@rgivrRit usef ul
in a separator assenbly copprising.a meate carrier layer, a portion of
whi oh’ ponmedieos eriges Sybmaiegas B Aoy aharasmitens Bk HBERGF port | on
of which pengleabRestamblifhg tha)esktral Sorb @leyiRhiORYVi8kEbyf AP pieSent [IOd#HL 48 certain
enbodi nents, the central core elenent provided by the phigqsbg]]t;@ i nvention nmay
be used in &newWpertatss! adEERLTY! RdRAT s fHRgldiionsmFgpransssy TPSQASr . | n
certain ot heg Iﬁémﬁghaﬁgéﬁn vhASusC@iHolAent R eSO iMIRY o kisikdy tht he
present invention naY e used in a separator assenbly conprising at |east
two menbr ané&entey eorg clamentsrofil prgsrant iyerianare vellikngnn and sridelhs availadbleenbr ane
layers are yellakPOMip the art. U S. Patent No. 4,277,344, for exanple,
di scl oses a sem perneabl e nmenbrane prepared fromthe reaction of an

aromatic poliyRs] R oW dhtRdRRhY 24Ylcaltabicdtr Wl GlnliRmeDRGG s f Quifisé0abe
effective in reverse osnosis systens directed at rejecting sodium

magnesi um afencienatipeshswtice ond anapdunshHpelizete surbagp f dneongnembogdimeontatie ani ons.
U S. Patent No. 4,277,344, for exanple, discloses a nenbrane prepared from
the reaction of an aromatic polyacyl hglide with a bilinetional aromatic
amne to afford a polynmeric material which has been found useful in the
preparation of nmenbrane | ayers effective in reverse osnobsis systens
directed at rejecting certain salts, such as nitrates. A host of technical
references describing the preparation of various nenbranes and materials
suitable for use as the nenbrane |ayer in separator assenblies conprising
the central core elenent provided by the present invention are known to
those of ordinary skill in the art. In addition, menbranes suitable for use
as the menbrane layer in various enbodi nents of separator assenblies

P oom om g



functionalized surthee and an unfunetionalized surface. In one enbodi nent,
the funetiorudized surface of the nenbrane | ayer represents an active
surface of the nmenbrane and the unfunctionalized surface of the nmenbrane

| ayer represents a passive surface of the nenbrane. In an alternate
enbodi ment, the functionalized surface of the nenbrane |ayer represents a

passive surf ag@tiohalizOE siFeEBrENRe dshtrdiR M?Jr%?ﬂegéﬁ&aﬁﬂ aaslesyrhacer ale the
menbrane | ayer represents an active surface of the nenbrane. In various

enbodi ment s, RIROTAEt e theprianctionplized surkichiniatie meylrpng daves pipsspity 2 in
contact withbig el edcLaf MHoGhehBYRS A18h SREMSS chPoRLRUEMhe Rinchisihfizd t he
transmi ssion of one or nore solutes present in the feed solution across the
menbr ane to théacsef theanembrang laper eprysents aledEIsusgcueleilie membranctahé thshr ase
"not in cont agkmciBaedQkaddof (b LEGthHR_N i, yers of
a menbrane sta%l[{wasgg%‘gl Yy, a%ep()faﬂl? nu 1.|fn§y%$&tr{%pr{%grég%éﬁgagggén§fr %Tcg\gglg% not in
cont act when ndygranej sinaverions embediinangs, ty ectitzesunien of lenmdmbpn¢ éayehes f act
that the two | s _are | j d nication, since in general fluid
may pass fr orwpg%aglgllnéégr&a%tgv I{t EH ‘o e%g% ra thetin eévre\sl(ei% iprrﬁj'e a‘f/rerre%r%gleused
her ei n t he plwmaasssion of one or more solutes present in the feed $dlatiin"acrathe nembralier ect
contact". For xa%rl}ee a%'geag]ent | ayers in the nenbrane stack assenbly, or
t he rmltilayé? FRHBICA I S AL Pf%rty, are said to be "in contact". Simlarly a
| ayer touching the surface of a porous exhaust conduit , as for exanple
when a | ayer [0@36{vdus mskdareoaim thetphease Ximd s tontaptitmedns nbsinsdirekt ontine”." For

contact" wt ngh o PRI oYs exk gStererUistEwlfr osvi dot rglat Itl ui d mangb ass from
the | ayer i nf0 the exhadst conduit orAs% 8% drtHey i°f 1u st lollﬁe’c')ﬁl,le r%é’r neat e
carrier | ayemssemblan@ rooinb@niant whdit thet inart htctvepiiziiygt dctoxbathsin degpigdui t when
t he perneate Cat”itﬁ{‘(pt}-a er.is in .diede t cont.act the perneate ﬁx aust
conduit, as 52 & WihEweT jEF 1 SQEOUNIEA0R, sipce in gengtal a e Myt he
permeat e exhaustiroao otlaiertb tie diiferivii @6 HREvaGnd Ry&l AhetdvBasintthepisiiel ace of

t he pemmat e exhaust  condujt and the perneate carrier layer. Simlarly, a
feed carrier [PBACY Meanyig “dgeqhgonpat™  Fpr cxpmpleradizesm layeisdn Hs eantesdaust

condui t; as WwAEK asstAblyE¥A MR BultiByBembRBhge ﬁs’%éxﬁblﬁ! atcBURY tol e HA cHhth@et _
contact with the perneate exhaust conduit and the perneate earlier |ayer is

separ at ed fr GHIHHY § Ber Cashingethe susfase Ayr RoronsrAzhanse oy as for ¢gemeleal , a
feed carder Laygh 1RSisROURAIaRfun® theC@RERELontit s Bid &Y BBaA EoRachekh meondui t.

porous exhaust conduit provided that fluid may pass from the layer into the exhaust

conduit. As a further illustration, a permeate carrier layer is said to be in contact with
a permeate exhaust conduit when the permeate carrier layer is in direct contact with
the permeate exhaust conduit, as for example when the permeate carrier layer is
wound around the permeate exhaust conduit with no intervening layers between the
surface of the permeate exhaust conduit and the permeate carrier layer. Similarly, a
feed carrier layer is said to be not in contact with a permeate exhaust conduit, as
when, for example, a permeate carrier layer is in direct contact with the permeate
exhaust conduit and the permeate carrier layer is separated from the feed carrier layer
by a membrane layer. In general, a feed carrier layer has no point of contact with a

permeate exhaust conduit.

[0037] In one embodiment, the central core element provided by the present invention

may be employed in a separator assembly in which a multilayer membrane assembly
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100371 In one enbodi nent, the central core el enent provided by the present

i nvention may be enployed in a separator assenbly in which a nultilay-er
menbrane assenbly is radially disposed around the central core elenent. As
used herein the phrase "radially disposed” neans that a second portion of

t he nenbrane stack assenbly conprising at | east one feed carrier |ayer, at

| east one mﬁpng ShiSaro@in@ociRE KT BRARR, CALASL haA! o hrtpund
areund a central tore elenent conprising at |east two porous haust

condui t s i n“mdistindéepotedamepisribat a tsheond resionoel b nhasitdaneostackr asazeldy i n t he

ayor 15 dotarsesth TRl flo s EarlbOANGE o R B0 FEhphe LR TR GG o

darmage to t bemmattewames llaybacle wolind heund alveatind coteosslememft cnmptmmg]et eamict i on,

and nenbrane inte nti onal bl oL n
Sonventt onave B iy VAN bR e SRRl e ARRRERE T, GRIBNGH G2
mul til ayer renémbiencalage i Yeremihe gieigr el ekt te vsf}ﬁﬂhdﬁmembﬁahelasraﬂbr ane

| ayer. Assumni t he ol ded nenbrane | a e 8 ree

Soy ol ot andradd': live Pofammdnnretia he ykAPRET S D inedp ot e *havi ng a
fold charack@ficzed By methi@hheXoangt eedibraat eah@ionf Bad nad@wmtneBAa@bgﬁggr ee& In
one enbodi nent, the central core, el ement. provi ded resent i nvention

may he used COBVRHEIA SEPARICR BsFRbISF QERENBE f"BYﬁ‘?f‘%‘?aE cﬁ’&r (foFFe AEPEHE | ayer
fol ds char agfpiailgesbnlyis@ & afdhex faed endfigdremefnBAne ARNIRPrR8Prisihp an

alternate enbodi ment, the central core elenent provided by the present

i nvent i on il dalds it ghepmephraae doxse p AurBieatis sitiged: BIMETARE A8y o
menbrane | aygr.stQl ds1&hatasd eﬁalgﬁdadg)e a hight brefélcﬁﬁ%&nﬁ-ﬁﬁeaia%r thame 300

degrees, In yet anot her enbodi mént, the cén core el enent provided by
the present dpssubsskasgnvivay fold %@Gtefléﬁdd?}’ebéﬁﬂéx angle pheenist thas §bews 1340

contai ni ng Jgr, Q’é“s”bh%ﬁe eﬁﬂssélmfeﬂﬂ aﬁ%&%fél t BroRddaehy e ﬁfb@&ﬁ greater
t han 270 degrees 10938] In one e I ment, e central core el enent

provi ded by inviertiqurrasydretusphipemieiagna myrame a&;swblytcentpmewaloen@ﬁsmetla@epar at or
asseni bl y f%liif a?é}c?édz@& b?:azi g?ﬁegg@g%%x%ﬁmr bRL SXHRL&s. Sﬁl YR G Rm zi?tE bracki sh

wat er. Typica e sepa y I's contained within a cylindrical
housi ng whi @tmngbmmtt $he| wntralabremdﬁnnemcprob@e@\bsetheu)merﬁemnsm way bhussdd t he

feed carrier_|layer an at_one.surface of the separ at tines
referred touf’n%re 1Th 5% a tora's %1 csotﬁlg ace" Erane Eyfratto ﬁ?rg&égezgéc{m%l i shed,
by securing atréthmghrgéamr tmsmﬂhﬂlegrew tThiyat ada&xecyxhbmilmemaﬁle keusi urgevm th, tor

exanpl e one por nore ga whi ¢ ent ont act, of thc fec.d solution
ot sur  acebmgp piratEd i B ooitt aRRiproPhe o W ‘prrered SHPFREe. To
illTustrate hk&ﬁb@%ﬁﬁﬁﬁng ﬁdlﬁelﬁ&laﬂé’ RBYy&@Tfolds characterized by a reflex angle greater

than 270 degrees.

[0038] In one embodiment, the central core element provided by the present invention
may be used to prepare a salt separator assembly for separating salt from water, for
example, seawater or brackish water. Typically the separator assembly is contained
within a cylindrical housing which permits initial contact between the feed solution
and the feed carrier layer only at one surface of the separator assembly, at times
referred to herein as the “feed surface”. This is typically accomplished by securing
the separator assembly within the cylindrical housing with, for example one or more
gaskets, which prevent contact of the feed solution with surfaces of the separator

assembly other than the feed surface. To illustrate this concept, the separator
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assenbly can be thought of as a cylinderring a first surface and a second
surface each having a surface area of rtr2, wherein "r" is the radius of
the cylinder defined by the separator assenbly, and a third surface having
a surface area of 2acrh whemin "h" is the length of the cylinder. The
separator assenbly can by various neans be nade to fit snugly into a

cylindrical housivhgciehnduddt ofasl28UnER b9 BALBIARANY AReoN | RdkiLal
housi ng from one end encounters ogly the first surface (the "feed surface")

of the separ @aghayingayripcearer efoss, Waarein 6Rtiadte radies efdboewdinder defingdbysur f aces
of the separafor. assenbly, wthout.passing t.hrough the separator .assenbly.
Thus. the f edlt SBRART Bregnliey B 3P Setibt B3 iheh P SO R BT e
first surfacds i lédgeh slapacyinder. aThesdphiitonasemblylvan beearicamidagd bd A& s in
contact with the feed sol utian, the edges o he rane stack assenbly
bei ng seal ed ¥ ot%pf‘rlé’\gg’nfm%c?nfgl&dnﬁ‘? 18%8% r%‘ﬁéﬁh%ts? gﬁgﬁ?aﬂ‘%‘ FREES St i on
fromthe firsklisdHchiagasiaf frogRReh@EndeaeRBhY thyfilsharles MRatedgasmdeey | ayer.
I n one errbodiwgtstgete, feed solution enters the separator assenbly at the first

p .
surface of t PRRPRHGASHERBhIY e ot Perrt dhcapisayy! PhEUT enEedss Cakis) of
t he separ at orsegsaeNREImEIY WiBuisGhe BRSEAAR: sdpafitdraSin®y). UThRNHeSeapdi fi ed
by its contact with the nenbrane Ig%er through which a portion of the feed
sol ution ("p&piEat entersthe saparapsasseatoly 3t noids es thenfrst yikase o5 theerastrieat e
carrier |ayersscHdf V&M iR Gbdd dafibr 18 eSRiiflodnact WA R doYutibR! Ry L HiE
separator assenbly until it energes as "concennate" (also referred to at
ti mes as bri ried mgmbigac sfackonernehly peibg segledtin prever aprted and sersimiision of dheet | nes
referred to ' L t y i f feed
ol 1 on ¢ hr acer HER AR e BRESHAR RSP EF Semlly ) ALyl LG T 00
"cross-fl ow' laygnd I leae embeditnenip seedfsobaivn watgrshibe yemdatomasesnatipag dwblingt wi t h
the term "axi fl ' i w.of feed. selution. In an
Al ternate onSaficsetihe YEROE SRl I by Fhs B Bhed BR 3PLY stilyeg!
assenbl y t hr asgmbiyhduringiwldcls pastage cthe ifeed whiutbn Gasalifidibbst td cahtestiwithale | s
referred to as t,he "feed, surface’,. Typical.l en feed solutiqn is
i ntroduced i AEBHE BLFAPRrgh Wj‘é@eﬁﬁ% O pF 5%égﬁe\g€ﬁf’lélg°lf Eipf’ﬂneg"%fr foéc!é]he f1 ow of
feed sol uti ompetnvactippasidiand eathctsathe p&@mehtayericolagerf Thsvfead sqeticiEatfd tohr ough
t he perneat egﬁ’arri.q{ | a efl peeur stal on slgti ral path inward tO’WZaéd a
concentrate éxXfatst yc%‘F%‘ﬁ the, prparatqs assrEblye U b BREEEL Y LRORSeNIE L YT vel y .
Those ski |l | edefefied e a@rtimedl dsl baRPr £ Chatsecdndadurase f fRe depagdiatt hREmbILOr
exanpl e seawater, travels froman initial point of contact between the feed

sol ution wit HOPREM¢sTEEPred iq herpin)ag fhe “cgpeentige purdage’'s uf g e of floweofdegsar at or

assenbly t ovwapgltisn ﬁ%@ﬁ@ﬁé@bﬁa@k‘ﬁd‘s@tﬁﬁ?% aﬁin_?é@%ﬁ:ﬂ{ fefln@d S Reusdss geRdui t, the

concentration of salt present in the fluid in the feed carrier layer is

i ncreased t hrehdhe tere “sarossBewomay e used inferehaetablygwitie isr tame “wegleor™
contact wi th Jifig fgefls %Pl o@D FRERSHRE0A. hfn%qneﬁlbtg eIn‘BG&im%ﬁt%fe'e@Eoﬂl@&ﬁer’ and
that the concentrate ?feachl ng the concentrate surface or the concentrate
exhaust condus mtrpilyded frdo Geerepastter issenablp yhraugii thh Erirdcorfaen i whic pasofthes al t-
than the seawgel,iseh @Rkl LeRd Al hiRR- EORZAN, T, & oldSofiidy fanct i on
of perneate exhaust conduits and perneate carrier layers nay Be 1 1%ust rat ed
usi ng the salintrslepalr o theasperatyr yasseoeiip Iteowadhothes “thind ssurface” ofiev erfitfedi ment ,

t he separat or senbl be used .as_a t separator, assenbly fo

separati ng sasf)féa?1 I%oﬁ%) ]}\/%lﬁgg.fee%h%r?eerelﬁyegoa %?ﬂlogn?feﬁegrn eaet‘f(éhr{%\lgg’ tggé’:%/%’tl%lie, is
cont act ed wi tchrrichiayére@duSUldn@ GGpiral patle yviandl tdwaad a sepent@dte exlagseshduit

contained within a pressurizabl.e. housing. e s ratqQr ass ly is
con-fi gured saﬂ‘iﬁ pfﬂ’geta%ae %‘fs?rﬁ%[’[d@lté%??‘it‘g%yl E&‘B?e ‘%ﬁﬁ“’ﬂd’[‘ er%‘é’ﬁf%p CBtf
sol ution fronnd:he affefidofiioh e exdnple RAKIRAtRVEX RdtSin ®ARAOPsiht ofABntabe - f eed
sol ution pasi)es throu%gdth -feed. carrier |ayer italﬁont acts_ the
|

sal t-rej ecti MEYFERHRS n it thendsas fcpmisr Angr opdhe deadssuafars of dhe

conpri si Ng OREpaRdtor AERHIP TRAREN ESncOtratd irfa®est SQnbini@f} ckRauks\@nBEE, MRAL e
carrier layer. This fluid. transmtted by the salt-rejecting nmenbrane

| ayer, called. perneate (or "the perneatig"), passes along the perneate
carrier layer until it reaches that portion of the perneate carrier |ayer
in contact with the exterior of the perneate exhaust conduit, where the
perneate is transmitted fromthe perneate carrier layer into -the interior
of the perneate exhaust conduit. Flow of perneate through the perneate
carrier layer is referred to as "spiral flow' since the perneate tends to
follow a spiral path defined by the permeMe carrier |ayer toward the

per neat e exhaust conduit. Those skilled, in the art will appreciate that as
a feed solution, is nodified and transmtted by the salt-rejecting nenbrane
| ayer into the perneate carrier layer, the concentration of salt in the



el ement provided by the present invention is used in a separator assenbly
conprising at |east two concentrate exhaust conduits. In one enbodi nent,
the central core elenent provided by the present invention is used in a
separator assenbly conprising three or nore porous exhaust conduits. In
anot her enbodi ment, the central core elenent provided by the present

i nvention | SodEafR oRHGRALARIATAETPY GATRRIE 16 §iARSIO AR Ot
porous exhaust conduits. 1n yet another enbodi nent, the centra cor e

el enent pr othedatioh\of tthe sgi-wishtg mewdrne dayer gn wortdeti witly thre fad ssobitioassenbl y
conpri sing 2 r ex CC { 1.Sn.l i anot her
enbodi nment , %%%&cg%$¥gl&§d§§§éﬁgﬁgﬁ?&%T§@?gg% %§ gﬁ%&g%%%é%%mggfggtion i's
used in a sepmrdta satsenbltye carpatrasd achahistaonddir edl be chaacteqp@dcysa exhaust

conduits. [00411 In one e Lmepnt, the central core, el enent provided by
Che-pr esent THgERPTBA e gt By ety Rt Be Y eBior i T ng. a o ngl e
feed carrier layer. In an alternate enbodi nent, the central core el enent
provi ded by [G038] Pince sdest aridnfoecticnost pesmuse dxhanstacagpiér aid perassie rdaimier

conpri sing lural.ity of feed carrjer |layers. .Iln one enbodi ment,. the
central cor %\yg RPUBARID \%egélam%?/hetsﬁ LS raéageérnﬁsselm%’\llfye%’iam@%e a|ﬂ;§v?jse PRt a

separ at or assesbodindiertbe sephdaer AtsamBly nofy Hearsel asar waltaepatayresenibdy fon a range
of fromone |ayer t i x layers.. .| not her enbodi nent,.the central core
o enrent . pr odtabaT By A peBLehE Eielbrol et eptrdtor ssonbly
wher ei n t heteusieduraée bfepeylimatitdl espatatyrersnibsy ¢dntanddamnigen afprdsiipirmblao | ayers
to five Iay%rs. In_still another_ epbodinent, %P@ central core el enent

provi ded by "P¥Eenr TR PRI SAEMBl Sscondgyed guek baty pemmysatey fXFT wher ei n
the nunber @innbeeths@ama@rsolua¥erSmitte febd Qurfadd@e Rfméaiodmnhbilne emdhayass to four
| ayers. 100421 In one enbodi nent, the central care el enment pravided by the
present i nv&ist fegrhselatiqpseagses thrqughe g fagdorarderslaras iy cndaehy the Sﬁ’g[rede"é‘iﬂﬁgl e
permeat e Cagfchffank AYRYr - whibh FRBME’ aRMRAAABNY fuldBorbSiMdeabnd OF en&k ement
provi ded by the present invention is used in a separator assenbl

conpri si ng &¢mpagsts of s fersh seligips t@ Be peaneafegpaies laypn Thip ﬂaﬂdfwféﬁbodi ment ,
the central ,eQhe < A-RIBMMe ReRBlfedaRy daligs BEARERT (of PMEHehRihids phs&d 1N a
separator assenbly conprising fromtwo to six perneate carrier |layers. In
yet anot her alenb i premeate parderclayarrualil d apashes| thpterortiqy @vihel @emivgptetdaeriopr esent

invention ig, ElsiﬁQletgct%iﬁlQFélgﬁér?)rr gtf‘ﬁéﬁgmeﬁte%%glr?fse%o 1, Qo tfléf’\ﬁerfngat lve

permeate carrier layers. In'ye anot ’'ment, e central core
el ement pr ov towemitgd fiom the pamette cavienpyeymtp heustedor af the popeatatdrudssenbl y

conmprising fC(r)l%rﬁ}tF mo%veoft p%rr];lgaltlé thPc%rgH%tpeemC‘lgarté (I:a%[ierI lg%ﬂssrefeued to as “spiral

flow” since the permeate tends to follow a spiral path defined by the permeate carrier

layer toward the permeate exhaust conduit. Those skilled in the art will appreciate
that as a feed solution, is modified and transmitted by the salt-rejecting membrane
layer into the permeate carrier layer, the concentration of salt in the permeate is
reduced relative to the feed solution due to the salt-rejecting action of the membrane

layer.

[0040] In one embodiment, the central core element provided by the present invention
is used in a separator assembly comprising a single permeate exhaust conduit and a
single concentrate exhaust conduit. In an alternate embodiment, the central core
element provided by the present invention is used in a separator assembly comprising

at least two permeate exhaust conduits. In another embodiment, the central core

14



[0943] in one enbodi nent, the central core el enent provided by the present
invention is used in a separator assenbly conprising a single nenbrane

| ayer. In an alternate enbodi nent, the central core el enent provided by the
present invention is used in a separator assenbly conprising at |east two
menbrane | ayers. In one enbodi ment, the central core el enent provided by
the present idipest pORided by 8RPrésBniBnRBAG ALRED RISSHRhYr LM, ébrﬁgmﬁﬁgom two
menbrane | ayers to six nenbrane | ayers. |In another enbodi nent, the central
core el enent dhrlepst §uel cpycentige sxbaysh eondyijentln ge| enbodisepnt, rthe cevtppdrogteor

assenbly cOMyjdnSdnPgrol{d0dh{ %M% g%%rn%ﬁlérﬁ)( el 1h 9 s%#aYa‘%orrggélggfggn g?/rh s 1N

still another enbodi nent, central core el enment prov e present

invention is thiwedrimpra pepey ethovst zosdnts| \inwnethet pmbdvemeninthercentral rerdor ane

| ayers is in er 1e | ayers.
The nunber ofe%rrrﬁee%’g aﬁ@feﬁl g‘@@?&*%‘?‘%@ﬂ?@ %c%? ?dy@érsgéacg%t? i %S%%'Igblgg%%%nu?cti ve
surface area fraagtwe edeigle fpeoysrexbiadechndyits hin wt pasthéramtadsent) [tye camrpl | si ng
the central core 1eI ement fd tbhethgr esent. i nvent.i on.. 100441 Rgf erri rgg, to Fig.
OFeprese r°"’@ﬁe oBp SRERt s SRS HEth &b 2o PRRART AR

1, the figure represents
conventi onal cespasiag omasweniadryus eAhausevndiits. dn atill penbsthsreenstioditkeng sise bl y

120 conpri ses f ol ded, nbrane | ayer 112 wherein g.feed. carrier. |ayer
176 {5 Sandwiceha e PRERGp BEPrE Grein f Bieddut SEtpa Ao Eer 112
The fol ded neshipesieg frameakired I2fouspdbisRRERG @ualitst hat an active side (not
shown in figure) of the folded nenbrane layer is in contact with the feed

carrier |ayer An active side of the nbrane. | ayer, 112 i s at .tinmes
herein refer r[g(yl? e Cbr?gmée@?’it%eceg{ﬁlfcgf?ee%enbelm P’i%ldﬁ‘gﬁ%ﬁ’ﬁﬁéesfrﬁyb‘?m%e
f ol ded nenbr dnesell ay @ sephaboriassemblse bap@ibinpya isgleRal eartiar 1ayee) Il syaitetnadel0 such

that the passiye, side (not shown .in figur of the menbrane |ayer. 112 is in
ot act kb BRI G R rlee sf Y BRSST B eah S Jped ing
menbr ane | ayegpatdker dssenibly tohiBmSsitped glunlityedfaeddeddmid? 188rs. Thendassddugesur f ace”

of the menbrane | ayer. Typically, an adhesive seal ant, (not shown) is used.
to isolate tHee Pl ceugrloragnt Padyddeds byothetHesepleiyeniton i div¢d &Y aseRAgHoand

prevent di r eGhsea®if RhdreilehdRBibeR of RE4 caiﬁl:r%*( is(R QlrarskB QMEbmaRd 14REtPEr Meat e
carrier layer. A plurality of nenbrane stack assenblies 120 wherein each of

the perneat e sPakers Ingnogher emheimentdthe serad sprvsienisa pisxided by herpreseny ayer i n
contact wi th ;g se5VRRsORal sePELEP ALY hagRin 0 Rekbdr o%}&d'ctﬁw*eep%ggs 4/ ound

t he perneate exhaust conduit ror exanple by rotating rneat e

exhaust conduf & ranEg of frog iwedeyesntol®e, layeny Intséillasethbr carhodwesshdheseantret ur e i s
appropri at el e t rOVi ent i.onal. - at o The
conventi onal %Br;er ?r%lgl?né %(() lgg&sfltb 9?8%33%?1% 11‘%&21%%6? ﬁlgg(gqrg%egﬁpﬁgtyrﬁ%&tbg perm t
fluid comunivdetdinothehreimbeenf feke cpeienagtre ieihame ob frdomi three Hayrmeto fod9 and

t he conmon pgr neat e carrier layer 111. As the nenbrane stack assenblies are
wound ar ound ?}he'per meat e exhaust conduit 118, the reflex angle defined by
t he fol ded e layer 112 roaches 360 deqgree 00451 Referring to
Hlo. 2. 11 quilgl M eusfbabid, IRRERAATER stoknf GRL ATy ASPARO o5H0 ) 1 o
portion 231 af used ireakipanerassamblyamapribing a s@ledicanascchmidriidien Ia apether al core

el ement conprising t orous exhaust conduits 18 (also referred 1o as
per mat o ox nLPATSH e ErEPols TIGHH REIH Y, AN EVEBE U B1F | e
per meat e car rsegaratbysedsblE Lohprisingl atleast G0 efiiddatd eirict3dyedd. IhgetmasIEANE

stack assenbly 120 di sposed outside of the central core el enent. The first
portion 231 s fh ?Pgékcoa%@@ﬁmtyr%Vé%Mt § PEHEN Ry 8 uped i
conduits 18 (spsudiBdsSentbiyadtsirist@ et two thif pephediboarb@nNiyedd. 18 Q6t@n6iheTENt .
The nmenbrane stack assenbly 120 illustrated in Fig. 2 _conprises two

perneat e car rPdpdimepe the %2%?1 qonoelEers PaTadadyethe present inysption isjuseyl 18 % eed
carrier | ayeredaltfor Bl @BmPHisitd'BomaWb 18 fivE QbSheale TR 165RRP Th SeNgilPOr OUS
exhaust conduits 18 in direction 222 affords the partiall'y wound structure
240 shown in figure 2b. Partially wound structure 240 is obtai ned by
rotating the central core el enent of the assenbly shown in figure 2a
through a 180 degree rotation in directiign 222. That portion (the second
portion 232) of the nmenbrane stack assenbly 120 which is wound around the
central core elenent becones the nultilayer nenbrane assenbly of the

conpl eted separator assenbly. A separator assenbly 300 (Fig. 3) is obtained
by conpletely wi nding the second portion of the menbrane stack assenbly
around the central core elenent and securing the ends of the nenbrane stack
assenbly. Note that in Fig. 3 the porous exhaust conduits are | abel ed as
per neat e exhaust conduits 118 since they are in direct contact with
permeate carrier |ayers 110.



100461 Referring to Fig. 3, the figure represents a cross-section view at
m dpoi nt of a separator assenbly 300 conprising a central core el enent

provi ded by the present invention. Separator assenbly 300 conprises a
central core elenent conprising two perneate exhaust conduits 118, each

per neat e exhaust conduit 118 defining an interior channel 119 also at tines
herein refe t : S : ] Q%nﬂh nt shown.
in Fig, 3 iéﬁs 5V$II(I’]}1 bggl e??%i %Bﬁg%gg%%lgéé&mﬁr%mﬁ&gc on%%geggrggﬁ‘%nﬁérfgtg portion
of a menbr anseddn astparmis essoinly Leap(ifing from)thred ipdlommehmenteecasicaddyes senbl y
conprises one feed carrier layer 116, two perneate carrier layers 1.10, and
two nmenbr ané003lykrose empodimhet, e ntntahenrt elymery plovided diyiep ntpssplogeattibet ween t he

feed carrie rri ers.. 1 rmeat e
exhaust condirh s bprth dsiEbRERIRALE o Sl Bhpb e 1 HiRRETTER 2,
portion 23lefbodimes, da)emfal tére eimprehr poeidsd by khegsssentbhyentidn ssewedch porti on
232 (figure 2a), o L0 MBIbrane. SLAFK ASSEIIAIOr TR B, THbddiha) e Tembr ane
assenbl y di 5??8saéoéa§ffour¥cf°frﬁes ceit P8t VO e Eent ig. BPEHOWS’ ¢f ear | y

t hat the fee¢ht@bdédré elemb@pervided bpalie preseaitintandbn vséd @iatshparatof askdnsblper neat e
exhaust conduits.or the&&),ern’e e carrier |ayers. The. ends qf menbr ane st ack
assenbl y 1267 BPEE P dY; PRMEEL [IRGTPA? (TSRS g IBoHSBR 316 i< a
transverse kinb&li@bnts®alcamial Cory Richitht Hrodided by Heprédebtchvatdibe ks wedlisat he
outernost perneate carrier layer to the t agJ acent. menbrane | ayers 112,
sai d transy&PERIraReTP n?ﬂ"i?ﬁ‘s%‘/‘ﬁé‘r%ﬁb‘iwe rapR SYSIS I3 (NP FTRELE S 300, The
"third surf&Cefill OfnothBe eABPARRAOIthASERMD| Yre3@Rmichi BRhidal &l it pieGent3 1S
wrapped in tape 340. Al so Featured in the separator assenbly 300 .

i | 1 ustrat ed VANANGS Uspddp @ SeRaHRNASI RIS BAPAIR 1Y PHBRCT 32 5RRIER 18R R e t he

i nner nost  effs rAbe bPRoMTREERIRbEAL Tyl tb M8 hembldhe! RyéHe TREMIBRI-Qf €Xhaust
conduits 118. Transm ssion of feed Solution fromthe feed surface (See Fig.
4) of the s&pabenelaygs ey irsaly nsgposianpkle thepstipesurBet wearAvireiobayer or
the membrang,J,aue by TRYeRatl SYGHEhrbHs g%d%ﬁ&&l%ﬁ: Mméhe 568 pRkeraPP! i ed
near the edge of t%e menprane | ayer and perneate carrier |layer. Typically
t he seal ant mventzpl i ed to the passive surface of the nenbrane |ayer 112
whi ch when contacted with the adjacent perneate carder |ayer the seal ant
penet r at es {4k feripgdo Biggé, BF Ngercrrepresentsdhel epmpaayets of Themsthafl #ht does
not typical net £ hro e lye sur, - t r | ayer
and t hus dogékﬁgt gc%)?rlg&ln%?% %:E%hgrtag)gtasﬁﬂy e% ﬁéﬁ&g lgﬂazlacrg%%glg%rsfa gge (not
shown) of t heemblybl2@rmempayesra fbldedgnembivenef lgpat 1d Arwheeain b dyesk catrd@® laygrvar i et y
of adhesive | ant s c | yes, .andl er. d l.e-sj be used
to secure trllzée%n g&‘%?h%#ee tt]wn’%?1 ttiﬂ‘i ﬁ’goe}rla%'rsg ?rthaenféy%si g%e%%n%t%&gﬁzz'gﬁé? her
(seal i ng pofdliemditipne e 1p2 isndstoscdcsarch that al a&yiee sidé (ot BewenfEatee exhaust

conduits (trapsverse sealant |i.ne 32 ..and the edges of. th nbr ane
Cayers and BLPReararmaRPraf vy LR PRt o IRt S Wt v i BFFace and
t he concent gidt ef the hfeabeane laythEl 25e pittndds dereasis il Yo 455 detige subfacdVeifhod St ep
505, edge seal ant, el enent_526),.. Also featured.in Fig. .3 are gaps. 328

et veon -t ho TBUREIOTEt FHEe RO N RATC T 0 LembTPEcs PRmF etk PGS0t | ayer
of the multidyapeano smbnane Rssedde/(notshewh af iees) dfie panbraeisyafl 12 he

per neat e exhaust conduits and the nultil ayer pmenbrane assenbly. It should
be noted t h&tMtREtagaph thejngapsaly @aﬂqrdax‘-ersgfws APasshigsifsr dd %fneémbraaﬂ in

various embegefEntisaQfmdsMereORAHAY & as2aS PRI Ve QB4R MBS ths dehbidAe 158Nt ral core
el enent provided by the present invention, and further that the size of
gaps 328 shdwpically pp gdhesiveasalpdnoteseaylisatsed ¢ srlaihibe derdpses lavert hi s

di scussi on. ARy heHRENIES RGN ahd pReveRRBFRl WniRE BATBLY 2 T8 PEBhi M nat ed
by filling the gap with gap seal ant 326. Gap seal ants 326 include curable
seal ants, admeshora) sedihapemeatgsarriehlayeri Keplurality of membrane stack assemblics

120 wherein each of the permeate layers 110 is connected to a common permeate
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[0047] Referring to Fig. 4, the figure 4a represents side-on view of a
spiral flow reverse osnpsis apparatus 400 conprising the separator assenbly
300 illustrated in Fig. 3 and conprising a central core el enment 440

provi ded by the present invention. The spiral flow reverse osnosis
apparatus 400 conprises a separator assenbly 300 secured by a gasket 406

W thin a pre. gairifrRpl1¢1 NRUshAE #Pa (%%6&&Bnﬁ%nﬁéa$@eﬂ{aﬁ¥t%§mp%§%e of
feed sol ution through t he apparat us 400 means ot her than the interior of
the separ at orved e Q@OPCHI‘W@tep?Xé@%rQOQ lélﬁof%m‘ngGSbﬁdﬁﬁFm%é%e a feed
|l et 410 ConfohGUALehth Ry RbAYHCA sn LRI bR ink Qechlih Ry StidiE G 420
(the "first ur ace” o% t elseparatorlassen%r?1 %es ereg ({t'?rrresnts 422
repr esent t hexpgiopsattiysealed tof frovidod cénvertional separator ésqcmblsrh diwe poriventoonahd

t hr ough sepa i rat| T S ousi ng
405 conpri se gﬁ%ée?én%agk%&dﬁggégH%W@%Q%@%%gﬁpﬁogg%{?gﬁ@&&p |nga§r%1{r]rber 436
to t he per nedtceven tizustmenadthats chdditahamehl Sdndabe eormhmrpenmealtd@amﬁr
separator as en‘o 0, Dr ctlo 439 i ndi ates he direction of
permeat o 1wttt hg opemsrioine SReRaRAb R B b Bebin e Do GB bR B t ne
separ at or assendlity1 kg, t}teoaﬂenmgﬁ écfid badle: ﬂ;RﬁdlnﬁbntHnmedayeeaut appromtiecat ed by
direction ar‘rsi%ﬁ/z 26 and exits the pressurizable housing 405 via
concentrate Sout | et 428, the concentrate flowing in direction 429
during operation. Figure 4b shows perspective view of a central core

el ement 440 {d0oAs] Retbrting tofféngrﬁgmretZairepresnmisomsamdnmesemtm'ldpoaepamafor
assenbl y 300 n the e nent |II ure,4b central, core

o emont 420 i RLR ot 20 S Bitbbas HEK ety Teh uitess HRRb SRR G 44
serving as t hfenper m&bﬂm@( W@bmu@@ﬂﬁusﬂ @naa;& 1m(eﬁ®pﬁfeaiedrtoaﬁs;ﬁﬁhéaye 300. At
one end 445 of  cent e. Ieen nt 4 : gﬁa}tee exhaust cq nduits are

. cor
dosed and at THESh ‘é’lstglg RFGIFAS carriy Wé% ( At

various poi ntig0j,and Bk&ofld §&{1@r$2132€of th&ﬁeﬁbﬁﬁ@ﬁta@d’diséﬁbly’ﬂlmdl%bﬁe&éﬁﬂﬁ&st
conduit is referenced_as el ement 445.) Those skilled 1n the art w |l

appr eci at e t IPAtthe KentRd cREatlemERthalist ﬁ&% watons23449f mepbreng skgl @ssmbght | y

different Strghdiies tl@nﬂ)raiseeihaﬁsrt %Bﬁdlﬁtsgusve,@nﬁéatef BXRR OHERR' Bi8) QF thdre
pur poses of this discussion. wgel rocat c cxhaust conduit 442 conprises

a spacer el erfspfral 4u6e glemenk o"B@nm@ rage sgaskt aseamidprld0 eillasteatnd i E@. aher eas
per meat e exhay déde COHP 1L 1 B ald | osed
end (445) of cglﬁﬁ)ﬁég{}%o& 4]Iileement 3%&(? %)ngg(r;ﬁ%llbggﬂngnts 84?1{31275?1}{11 45}% e(C:Iefi ne a
cavity 450 wHeehcageohyeddies Rdwioni efsthe prontral orer Blemshit conapmrgnebpemes st ack
assenbly 120 [ 442 and
444 conpri ses Qg?)%ﬂ?\r{:ﬁ%ﬁs? q%re%nhﬁ\%h%?fgﬁgsﬁ%re%%@ ﬁ&é@ﬁ‘ég@%& ?gtrfn Iﬁ(ﬁx{a surface
of the perneat é’lgeveh%a.lst’aruail}dwomnd structorg 24t iswibtalinetl ey xpmtmg:zﬂieeceoaaquooer | ayer

intotheintelor t he aust an £ ex

condui ¢+ Boc et FERs AAERF SRR ln ARREES @l ¥ R PO e 440
are bl ocked aazzenrlm%moﬁl(ﬂw saéorﬂepdﬁmt E32[)fnf&hngh1ehibﬁmpe;mkatsﬁnﬁl(yhmt
conduits is u %rec nal di recilon 449 V\geen ce raI1 ore elenent is
conprised wit raé?‘t?ld tﬁ%ﬁ% §ors Slymsakpecguesy vmu filayer yerRang,

100481 Ref er rdssignbipoffthg corpletel 8egardor Rseinfidy. €A @B aFatdr ﬁeénlimm@@@m@fa)w ng the
central core Ierrent proxﬁsded by the pregent i nyention for rrgkl ng
separator as winigg (e second gortion jof the membaRe i< ﬁ‘sg’G‘PYa first

i nternediate a@&ﬁlaniale Yeeh@all @rBGerht RO VWeblirg fhe PRIIOUT BXNAMSEratOREds t 18
(118) and appl yi ng a_bead of Fgl ue (not shown) al ong a line 325 running a

length of thes s Netenthetsip fagntithetrosens e<habbegndatls predeliclrd asHsrpedtsheat e
carrier | ayerexﬂéxﬁt édﬁdﬁ%nltlﬁ%incé!‘hfel} afellf dELE UoRELt %tﬂ‘f;eﬁﬁe%{égsahiep By 21@nd
curing to provide the "first internediate assenbly” shown. tyhod step 501

is repeated t@oﬁ{] REFAEnP0I8E ) the t%%u'iélte fe Sy d“@rgésasfealﬁssﬁ&ﬂ@! MidpSRpery i al l'y
identical to shown” in Stép 5 ﬁe portion of the porous exhaust

condui t ref erseeafateoasigmbly J08ragriprising taheeniyelr eous clepieiugrpvideshbivithe pregsnt esponds
to the width. of the perneate carrier layer and to that portion of the

por ous exhaust conduit adapted for contagt with the perneate carrier |ayer.
As is apparent fromthis exanple and other parts of this disclosure, the

| ength of the porous exhaust conduit is typically greater than the



| ength of that portion of the porous exhaust conduit adapted for contact
with the perneate carrier layer. And typically, the porous exhaust condui't
is longer than the nmultilayer nmenbrane assenbly di sposed around it in the
separator assenbly conprising the central core el enment provided by the
present invention. That portion of the porous exhaust conduit adapted for

cont act i ¢ BehifeP IEHLE 188HEA S LAKBHsel 8 BRRPUS: ofiflonC AR B o OC! 1O

provi ded w openi n or ex ose shown as el enent In Fig, 4.
That porti omewfeatehexhpet ovasdlebshblastea@omjuieate rechavsti spnduet 18 dcﬁmma@n with the

pe. m eate C%{tgljéo?rc]h!ir@éfalil e 1?1?? hg'gm R 82X ¢8R e)\malilg]t Jdhx r?rgtrl] tsq".Pgl OW

control elene or “exanp openi ngs such e
1001 f eat ur echtiah doreg ele?heandhcﬁmg mlﬂg I3n icehdvai ras eddimdtignentayitpf whick pr esent

i nvention that port th or.ous e haus ondu dapt ed.. f or

cont act vx1it|§"°tﬂ1§gﬂ {re aﬁrét Bg%f’ﬁ?é’fﬁg&? raf‘% aﬁSSP%EYsT?(f 6%%% ﬂ‘hg second
Imet hod st eﬁ nﬁaﬁﬂ;rana skiele @s%dnblytcel;hﬁﬁﬁb ahefead saﬂhl ydrd 1@rtep @emmhate%ambf ra ?e
ayer 112 vin n active sur t shown) and a Ive surface (not
Cntery 1o b IR P et T, A P bra B O BERE ABPG RS ot nod
step 501 suebwichathe ttha cﬁﬂﬁﬁla‘y& 194Rh@0R peftfdatesdagiv Jayels 11be THephmane | ayer

112 is in contact wiith t pernmeate carrier layer 110. The nenbhrane |ayer
112 is posi CXHEFoadpts ltlﬁaf thetcev%alﬁp@é&@atbry Sewtte%x st @8R L wi t h,

porous exhaygture 24)$¥ide rl@ntrdk®lack 2Q0R0L. | A s@ohBpsdionRINAhurt BPoPB3, a third

intermedi ate assenbly is fornmed. Thus a feed carrier |ayer 116 i's appl i ed
to the secomfmbmnérsr?é&a&ie@bb{s@éﬁwyn@mm mf‘rm‘?félteh%?&Fn%ltlléﬁlsBQﬁz SHAt hat t he

feed carri egd &M&él dofe LIBmEANT BLL 3WhEDs El@@rlyaﬁlfa{ e féédircf,an?&%}(ep@st ngthpwn) of
menbrane | ayer 112 and is coextensive wth [0 In"a fourth nethod

step 504, acmﬁ@nttmﬂw fither pledie apancatesEhIsy cm@mw%& pewse @ daysds: menbr ane

| ayer 112 i Y. n cont act
with feed CEP?%%‘]'?%%S{“"&“@ Q{s"‘glgﬁgs%ﬂt’ I%e%%??@?%bf%@@(@é?&gﬁ%%) of the

menbr ane | aypeslingsportronclbt iact trmsydnset ling dfessellantaltypicatly laggpeablel g@elanwbichhe second
Fi Tth ot hodtsy 48 BREHERHie thicd: LB b IREOEAL R hébfithoe WP FR. 1 1 2,

i nt er medi at eaidgseswetsy las rdepng thedength wé ttheostpshep aEfiéinblys3q00| ke “thodt he
fourth surface” of the separator assembly 300 illustrated in Fig. 3 is wrapped in tape 340.
Also featured in the separator assembly 300 illustrated in Fig. 3 are transverse sealant
lines 325 which secure the innermost ends of the permeate carrier layers 110 to the
permeate exhaust conduits 118. Transmission of feed solution from the feed surface
(See Fig. 4) of the separator assembly 300 by either the permeate carrier layer or the
membrane layer may be prevented by the presence of a sealant applied near the edge
of the membrane layer and permeate carrier layer. Typically the sealant is applied to
the passive surface of the membrane layer 112 which when contacted with the
adjacent permeate carrier layer the sealant penetrates and seals the edge of permeate
carrier layer. The sealant does not typically penetrate through the active surface of
the membrane layer and thus does not come into contact with either the active surface
(not shown) of the membrane layer 112 or the feed carrier layer 116. A variety of
adhesive sealants, such as glues and/or double-sided tapes may be used to secure the

ends of the multilayer membrane assembly to one another (sealing portion 316), the

permeate carrier layers to the permeate exhaust conduits (transverse sealant line 325),
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i nternedi ate assenbly depicted in nethod step 504. The fifth internedi ate
assenbly depicted in nmethod step 505 features a nmenbrane stack assenbly
120 conprising one feed carrier |ayer disposed between two nenbrane | ayers
112 and two perneate carrier layers. The fifth internedi ate assenbly shown
in nmethod step 505 shows a first portion of menbrane stack assenbly 120

di sposed. 1, vifhid 31085 GEME 'il‘i’émeQfeQafe!rseéﬁ?irﬁerﬁ% E&xﬁkﬁﬂ¥é}9 [PHR o at
f me ack

conduits 18 (118), and a second portion o rane s assenbly 120
di sposed out shajfeedsurdre andiba egncensrate virepepf the[soPBEPr fssemblyi(ReenFigef.hod st ep

506 an edge i | ngiit Ugli i eaph edge
of menbrane ?\g@lé(?&%tfg%lﬁ% %15%‘{3 %é%n?\?\}e?ﬁnﬁjﬁ pgrlgr‘r)e%% t(I‘E:-lﬁelt(:iallrlr f%rﬁi\rg%g?s ?% afford
a sixth ini eledicatle atgentfhee. of the sepdgéor sesehbipt 300sarsippitéredstt layer € theassi ve
surface (not WN f enbrane | ayer. The edge seal ant perneat t he

adj acent per n@ug 3y%algern{ﬂ:ér?“n 9 %Sﬁ%nr?b% %ngigbettﬁ%eneﬁ‘? i%r0 gt %r?g{&heg ?%% eg%élét. [ 0054]
i n a sevent h corduite cing ttlepmbBifayeh mefbesde pedembbn sItahoilt de ioxddnthatnthe gamsdi at e

assenbl alsp referred to as the "secopd portion" qf the nbr ane st ack
RSsenbi ) - ar dTGIEIE B oricerp gt BT df AP SVR S OOty of TR PRGTHE | e
edge 3 ealhant aES%ﬁ;bllinodipﬁigilnglﬁe d&ﬂlfi:‘a]lﬁdremwhdegﬂpro@iﬁ;% l!s;lethe’pi;l&énagﬁreﬁtioahpfndassenb! y
around the central core elenent is _carried qut ile the edge sealant is in
an uncured stef%i'iI rtﬂéatarﬁ‘? St egaé’ﬁura?ﬁéggwﬁfmlé%e?’ diag oegry gxaggerpied nfar dieack
assenbly sompufgos@damhigldistiisioal Akr gapg 308 Srasbmidh BGepirR6LETemBI) nfHyebe

enbodi ment, the edge sealant 526 is applied as part_ of the w nding step.
The structur é’h@’l‘fé\'ﬁ% Gyrfillieg Hs@aR tdly 28D pealant 32 e ssaknritfiinglule camblien| v)

depicts the stfiafd daRsSBoMMntNaBhOQEE St ep 506 after rotating the central
core elenent through 180 degrees. The preparation of separator assenbly 300

may be conpl qbeE) Réfertediol Pig. BheeCRREE @b 1626s8nt8 | sRIFRAL vibW 11 d §fital PBW222
t hereby wi nding the second portion of the nenbrane stack assenbly around
the central CORECCSERERAPRIAIIOIA eoniishg the sepatsiar asegmbly Ahilsteaied #g t he

ends of the mgyhrane ahasks a-%émlcﬁ% el 85 pRLidb D 6y HRTRERREInSRGK.

assenbly present 1n the wound assenbly may he secured by various neans such

as by wrappi figetshigal"flaw rayesse osmesss' appRratuset 08 ydompress adesbimted appmblye3Wepar at or
aTings, applST ety SESH DO AR RSy Panl W RC KRG uRAREIR 1 A
i ke neans. Thsagwelicedsebvinu thyorghithnapphratus d00byriorcameotisdr vl thesionibt of | s
et e o, b Ao MR RS R RN R, T

configured to provide a feed solution to the feed surface 420 (the “first surface™) of

the separator assembly 300. Numbered elements 422 represent the direction of flow

of feed solution (not shown) into and through separator assembly 300 during

operation. The pressurizable housing 405 comprises a permeate exhaust outlet 438

coupled via coupling member 436 to the permeate exhaust conduits 118 of central

core element 440 of separator assembly 300. Direction arrow 439 indicates the

direction of permeate flow during operation. Concentrate (not shown) emerges from

the separator assembly at concentrate surface 425 in the direction indicated by

direction arrows 426 and exits the pressurizable housing 405 via concentrate exhaust

outlet 428, the concentrate flowing in direction 429 during operation. Figure 4b

shows perspective view of a central core element 440 provided by the present

invention and present in separator assembly 300. In the embodiment illustrated in

figure 4b central core element 440 is comprised of two half cylinder shaped tubes 442
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el ement conprising porous exhaust conduits 18 (1 18). Curing of edge

seal ant 526, effectively seals the edges of the perneate carrier |ayer and
menbrane | ayer 112 at both the feed surface (surface 420 shown in figure
4a) and the concentrate surface (surface 425 shown in figure 4a) of the
separator assenbly, and blocks fluid transm ssion fromthe feed surface
except by i th0 Fig. Sc,
structure gg@&]%}‘fe)g‘see tﬁg ?I{sh%gé% e?l{[/aélgt\?c}’)gc\'i/bu%?l @gﬂn%%r?%ﬁgﬁ é‘?glgﬁﬁgségml y 120
di sposed wi thé endd4ent watralccmr@elememteﬁo thd @epnaate clkddush goniduds preedened

i nvention dur eparat i on arator asse The structure 508
corresponds 4o ﬁqﬁe(’p@og{ é%ﬁ lfeeq’e%%ﬂe?&la'égg%%itf/argﬁg rEg}‘t¥’am¥‘lﬁBf:)lmste 506. A
curabl e edg&uséal:lasfntre 51256clb§ed$lncbwﬁ agdraiis epleseccoatidn g re&ﬁdhcécbxsgelémﬂitnal edge

th t of h f rrb
| ayer 112 ato sl e s Prager S9bn S CaT al core

el ement 440 ahé 44Dhalealightly difféﬁ:ﬁtt $teidtued Zantl Qrddtherekdte gazemmuﬂerﬁ&mmaér@r e The
free ends of the marrbra stack assen‘oly present in the wound structure are

t hen secur ed°! ﬁlﬁﬁmﬂ dH?CP?SB’r‘i‘aI Thyggisrrasaly Sheuss 981941 §40 GOTPIEE R ansver se

edges (ther gpRkeelamétab adthet dpen SHE Bf EF@EBIordklchdft PAS Hh¥RaSPrindse of the
menbrane | ayer. Central core el enment 440 co%%rl ses two porous exhaust

condui t's 18CcxXgastieopduitdit cCAMBrTeS A sPassleratnt dbhahihe dosed ppe (44eofgRntat haust

channel 119 ,&agbmef M@)e F!%E&'r'seléiﬁé}ﬁél%% CRAAMT QoA L eRLRP ABDSwhich
hal f -cyl i nder shape tube. acer elenents 446 define a cavity 450 between

t he porous éf&?ﬁlﬁ%qda@ﬁ)ﬁﬁéirﬁts’.mll@n 28behtha gembrpesircleasrmbly 12hes gomads exhaust
conduits al fal U t he
u'F@g‘t’Vcho n%%hﬁﬁgﬂﬂéﬁ%a?@éﬂhgﬁkt Qﬁﬁdﬁﬂﬁ Q43 Q{?d 8%} BSrhHseS UhdnBS 193

por ous exha he exhaust channe not ed, central core
el ement 440 tifedghrvdycloparavdte snay s Wiaincthe susfaghofihe acsma@ﬁe exhw%ta;pn@gt i first

portion of %%IEYE ififie érﬁl%at% AFRPLYLA0Y tﬁ@ﬂxté@??lﬁgtﬂe/%ﬁﬁh%cé @(JffRef erring

to Fig. 6, igure epresents a“pressuriza usi ng i n maki ng
t he spiral ﬁhecmnn@t@c)dlausmsmusBapmrtm plssm&@te eslivowreondnifiog cemrabgcvrprl sing a
et A O Sl o ARRHO PR Nob T REESRN eI B AR CLARSHT | 2201 o
housi ng 405 “COIPri ses. a det ach por fon o SSuri zabl e housi ng

601 and a detaiuitsl m&mﬁmﬁlpnoﬂtreamnnmmp;vleasyanfreﬂa:bfeeelbmetmmgoxﬁﬁlisedThe first
and second p ions 601 an oi.ned by nmeans of threads 603 for
securi ng GOY@’H’Wﬁamtﬁﬁﬁm‘frﬁwﬁgﬁ%us@éﬁs %:’bﬁl*@ﬁ“ ﬁg‘g %?m'pl i mentary to threads
603. O her neans of securing a detachable first portion of a pressurizable
housi ng t o 4008} BRefaabigao Feg dndhofiguae rq:pressmis laimabédew(bufsixsilgg thackutd? t he use

of snap togethe  Cl anpi and [ 0057]
Ref erring t §”Fi geme’?{e prp Y%ée(*l?ygth? gre?délb g g gorén %ﬂgsegxﬁtor %?serggﬁgw t iSin
accordance \shdvh iarfeg. enmodﬁfﬁemteﬂleﬂ step 60 10 b €L MiterhRdRtetas@mblyPe faued ®xhaust

channel bl ofFHIEh Bifa et et pETELovtamalae Lol eOa et Bvdnes

(conpri ses) aknfadide SPNfunBing @aaﬁgﬂyofmé)por&@aﬁhﬁ@ﬂédnahu baf théegttef prhecingpacer
el ements 446 and 447, openi ng]rs1 per neat e exhaust Coqij%llt 113, aEd gr ooves
716 adapt edﬂ?eo?e”s‘%"é‘iﬁrﬁ@f lyer agn CPwaﬁr?élﬂb%dlaFWé%s uc@lnedieoits @dhaust

conduits 18 cﬂﬁﬂg\ékﬂﬁro@ld@etﬁ&f‘ﬁ}stciﬁléﬁleﬂla%fﬁﬂém 0 shbiigh M@tﬁw@&paso@alw ty 450
into which may be disposed a first portion of a nmenbrane stack assenbly

120. In oner%ﬁe@rwmﬁwdef)@ﬁce% fastingarediagmesemtdy 1gsaytially wepcal ©Ek# t hat t he
spacer el engpbie, HAGpa04. ﬁc?p&{lo@om ﬁ&roﬁ’soé)@lhkfst oAk SdferrQNE YS ta LBaRY ©
aligned with the spacer elenents 446 47 of a second porous exhaust
condui t 18, ofHe poews axhapecondnt” pﬂ@smen%éﬂﬁwawéthsqféhq@ms@wryerlwru s wound
around the CRorf n u i IR In
one enbodln%ﬁ?%éqh%t pd?%%gﬂﬁg ofp ﬂgggggd%mgg gg €&%3%6§%¥£ggggdg%ted for
cont act wit Ipetnipatepermardayer.c aky lseapphraybfromrthtsrm&amebdandacvth(rravarﬂs afehisi s
slightly lo t i, C rising
openi ngs 1lgﬂ£@ﬂg92§eé$1li?F%%gﬂhﬁi &@§SPQ&QM?|§$ H%l%é%%g%fﬁ%b?%pelenﬁnt
conprising two porous exhaust condU|ts 18 may be inserted into a

pressuri zaHe housing 405 (Fig. 6) suchpghat the feed control cavities 710
are closest to feed inlet 410. During operation, a feed solution my be

i ntroduced through feed inlet 410 into feed control cavities 710. As the
feed control cavities becone filled, excess feed energes fromthe feed
control baffles 714 and contacts the feed surface of the separator

assenbly. One of the purposes of the feed control cavities 710 is to
prevent uncontrolled contact between the feed. solution and the feed
surface, particularly at start up. G ooves 716 adapted for securing O-rings
may serve to join the porous exhaust conduits at one end and al so to secure
t he coupling between the separator assenbly 300 and coupling nenber 436



[ 0058] Refer

central

ring to Fig. 8 the figure 800 represents a crosssection view
at mdpoint of pair of nenbrane stack assenblies 120 di sposed within a.

core el enent 440 provided by the present invention, the cent

core el enment conprising three porous exhaust conduits 18. As shown
8 each of the porous exhaust conduits is a perneate exhaust conduit 118. As

shown,

the ng RE 1kt %l‘tloﬁsﬁetﬁplp'oﬁﬁls Jc%ﬁ)augpémlrdhﬁ %&édb ot coRREL WaR

second portion 802. A separator assenbly 1s provi

y rotating t

r al
in Fig.

1 and a

central core RefBeAsheariier layar.e Smddypicadly, the porawy iexleaust WGWGISslpmgﬁcthanéhe and

seal ing the

91

the figur

gﬂggg et,r %&b%@bm&ﬁbl tﬁﬁ <85 SEOR4! 65 in [RY 5s %arﬁg ear ehﬁ&%z t O F' g.

represents a CI’ ection view it m ol n

menbr ane st ackmasisiagitei cestreﬂlzzore(ﬁlsp@ﬁ ptbvided by thapresnt makntoor éfhel st 440

provi ded by ngh

f our .por ous., exhau t conduits

18. As shown 1n %’&g&gémw%%n#du nadgqgar) gdﬁébrg%ﬁaus & FRHUTS canger 58N cat e

exhaust conduotous, for example by being provided with openings, for example those shown as

elements 113 in Fig. 4. That portion of the porous exhaust conduit not adapted for
contact with the permeate carrier layer may not be porous except with respect to flow
control elements for example baffles and openings such elements 714 and 1001
featured in Fig. 7 and Fig. 10. In certain embodiments of the present invention that
portion of the porous exhaust conduit not adapted for contact with the permeate

carrier layer is not porous.

[0049] In a second method step 502, a second intermediate assembly is prepared. A
membrane layer 112 having an active surface (not shown) and a passive surface (not
shown) is placed in contact with the first intermediate assembly of method step 501
such that the passive surface (not shown) of the membrane layer 112 is in contact with
the permeate carrier layer 110. The membrane layer 112 is positioned such that it is

bisected by, but not in contact with, porous exhaust conduit 18 (118).

[0050] In a third method step 503, a third intermediate assembly is formed. Thus a
feed carrier layer 116 is applied to the second intermediate assembly shown in method
step 502 such that the feed carrier layer is in contact with the active surface (not

shown) of membrane layer 112 and is coextensive with it.

[0051] In a fourth method step 504, a fourth intermediate assembly is formed. Thus
a second membrane layer 112 is added to the third intermediate assembly and placed
in contact with feed carrier layer 116 such that the active surface (not shown) of the
membrane layer is in contact with the feed carrier layer 116 and the second membrane

layer is coextensive with the feed carrier layer.

[0052] In a fifth method step 505, a fifth intermediate assembly is formed. A first
intermediate assembly as depicted in method step 501 is joined to the fourth

intermediate assembly depicted in method step 504. The fifth intermediate assembly
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A separator assenbly is provided by rotating the central core elenent in
direction 222 to provide a wound structure, and sealing the ends of the
menbrane stack assenblies and curing the edge seal ant used on the edges and
ends of the nenbrane stack assenbly. [0060] Refetring to Fig. 10, the
figure 440 represents a three dinensional view of a central core el enent of

t he present t tical

por ous ex haué?tqé{%&(}%dﬁ) Jﬁg()d%i@ 5r0§£ea Sleanlgléﬁg}ag%%t?é( S%% %n{r?g@mggggmdat e a
first porti Gudchrar ﬂm’nbdmpceeétbamk:elam@mtﬂngbraJ:@dayeThéltmnpdwemenpmt@us
exhaust condui.t 18ﬁo el ement, 440. ar e I t he sane as
that illust ?aéfl%fila?'eﬁb ?%\ﬂ%fnﬁne@ﬁ SS%epY |Sh0wr% Hla]inetthﬁggt% trsggéfléé")/( Aust

condui t s 18fitsk porsibii af mdmbnand:stqu dbEentbdyTp2( diepcaed @ﬂhin(awehmﬂlcoﬂecﬂl@nehﬂo 1

adj acent to feed.control baffle 714. ral , core el ement 440 rises a
bl ocked end“AABSHPAN o ﬁuseﬁﬂn‘*“f%%\%ﬁ%handdﬁrsf’ é‘ﬁ R 1i—fi‘n%eate or
concent r at estefedsgasbly Mockiispedd cutsidt4d? theldnt@l eoreRawntrent , the term "bl ocked
end" is used to indicate that each of the porous exhaust conduit exhaust

channel s 119 i | ocked a bl.ockin 712 .S hat d entering
t he exhaust ?oélﬁi]nﬁél Sl’ggﬁw&éflfte}? ﬁgbc aiaq‘g% ﬁg?pli?gr?ﬁlﬁ (inggﬁcimaﬂtflet he end
opposi te thelobg %h&dgeeﬂldneﬂllﬁl'aﬁd Iagaerrrlalzen %ﬂmmdwﬁmthpdnlnEaté edrtier lajaelrcmked end"
or closed enq" refer to a osed ﬂ, orous éi(ijau t conduit which
does not cofpsksixfpiniep Fé’sseﬁl Yeed g § %er ?ﬂa 205 {5 RIS (0 the,pasye

embodi nent  sE (hdd shbwn) di0metiBMBRY Bier. €BENedte delientiRhatitesekibatfatencondui ts
conprises a feed control cavity 710. Myreqgver, when the central core
el ement 440%‘%@%@@“!—"?&”@%?@ ciredoneh of 186 at or assenbly 300, the
perneak carrier |ayers 110 nay be di sposed around any porous exhaust
conduit 18 g®s¥i Mga a8veat1pﬁfeﬂieatseepe5«ivauet fre0péttibiis 4B tirUdkht i@imatatper neat e

enters the Feed co trol V|t 710. 1 0611 R ing to figure t he
figure repr8SeRpbl ( S‘?Fﬁf ﬁ%ﬂ%"l SFFP QBT“PH 9{'35\/ éané’éf‘i‘? éfse@é]r%'g el enent

440 of the eSOl drolM@Nhé QEhtraTB&e%%iﬁdnﬁ'bei@fH @rﬂﬂg&ﬂ&ﬁé el dedRAt 522l to that
illustrated in Fig. 10, Figure 1 1Ib represents a_side-on_view of the

central cor &igfl tsegsmd ppgign of the rgembprang stack pasenhhoyrpendsthe feniahetitled vi ew

of the "opeggRflisQardio® Qmﬂre%e %@éees&laﬁfr?snfn & ufidueddr Qatd ko allowORE2]
Referring to Fig. 12, the figure 1 represents a central core el enent 440

of the preseffaceneidaydronl tieirdmbiens %ké*ﬁﬁﬁp@lyeﬁ’m%ﬁ%eéﬁlﬁroiﬂmmaé@éﬁbl i es
Central cor ﬁle%ﬁﬁﬁglf;}m%é& GR1IRE 'eI?lGédulEllQﬁteﬁlng @ébﬁlaﬁ%ﬁ%uéfa pARAANIRGS of8; two
porous exhaust conduits 18 having the struc ure shown in flgure 12a, and a
t hi rd por outheexinding tstepo nldhgi strubtangi ahgwnhrengrthoekstqpr@k(h@mntmnfmg@dd@e 12c. The
central cor 40,0 sent e used to
pr epare thegsssg%gggﬁéprléagnse%fnpges%s I'SC oo?esgébhg%e%}?]ér ?fgnrngé%grrp@ma@ Fig. S
shows t he cemtrknegatheugh k&ﬁedegreéﬂol"lwfprépammpeOﬂ@am@eaﬁemblb'\&ﬁo mepbe ane st ack
s € OB 1Y SRERE e Y Pork WY i iRy e LRy vyt @l core
el ement. Two O OUS LSO St own in

nodi fi ed hahécoﬁ(!/bbrltldﬁl’oﬁ tHef meibrenel fack assmqrhiy atongd #re c&ninaiuste dbnamteb 119 (not
visible in f ure 1 eni ngs 113 comruni in i th

per neat e ex ‘H’éﬁ?ﬁ%"fu lﬁn‘p&ﬁ%\&e&’m&ﬂ ‘{}’ 0% MR ¢ g%cilf@ésg’f%' adapt ed
for securi nghalan@; #fl the me’ﬁh@nefswalaelsseﬁxbﬁ,r Proseat hhﬂnelvemgﬂ hssafnbnomaguse exhaust

conduit 18 mhlc in this exa cl osed at d 44 exhaust
condui ts 18SeHEdi Ry WEIGUE Brepy nﬁﬂﬁé??’?a‘*{fﬂ%lf“?% c?f\fg\gﬁ’r% g’é‘%’}' in which
openi ngs 1laemd b9XAepArate PARAEDIS with Q] ecmmfglthé eldsepﬂﬁlﬂilﬁ@oranb%taakl ow

pei meate or concentrate to flow froma perneate or cqoncentrate cayrier

| ayer into PHEMBYhY{EtO-ER%NREPYINE1Y. Se‘ﬁé‘f‘tt foafhesend§cfufhe MmeMEaphisfAEr defi nes
a cavity 45QsuRabsh 286 CaRMREAE ThE Ok duninGchid HErRBAT SUtheexbAYShe GRRKUI t 18
(figure 12c) and two nmenbrane stack assenblies 120 (for exanple the

nmenbr ane st a¥RmMbLsie Fpferred t Bnthisgermidiraent o5 dhghmuHilasicy megipranypssepbiy- d  por ous
exhaust congyjt maiﬁlagéﬂ M Brate SoseBY iDGaill 1S BE (@odellom@hd YerftraP c&tb
intermediate structdre 1210 to ?ormcentral core clenent 440 as shown in
figure 12d. The third porous exhaust cgnduit 18 (figure 12c) conprises an
exhaust channel 119. Flow of perneate or concentrate through exhaust
channel 1119 of the third porous exhaust conduit 18 (figure 12e)



occurs in direction 1232 (see figures 12c and 12d). ht the enbodi nent
illustrated Fig. 12, the closed ends 445 of the first and second porous
exhaust: conduits 18 (figure 12b) prevent perneate or concentrate from
exiting the third porous exhaust conduit except by neans of the central
passage of exhaust channel 119 (figure 12c). As noted, the first and second
porous exhausfiencQ dothprisinkSpdrbilsdithfit daRuitsl 4B (*14). Fehhe BF 8ade! Relk@Sbg! end
445 and flow of permeate or concentrate through’'the eXhaust channels 119
defi ned by t Héfegtivebt sealsdhe edasp af Pornsumeass pratiert layes pad intesbranerlest dizeed to
directi on 12:u3fh (! G G8ald@ Ruf 4howh A0 HhreREh Ghd kilOcdnBorditafd: sultee e
figum 13a represents a central core el enment ) the present 1 nvention
whi ch may be (enficoy42d showsejafiguror 42 sefe sl separatcCeassenalily,c arde bikcknéintd 440
compri ses f oup,, 07 Qus EXMLRL) SORAHLES,H SOR! LY BSh SHGH LRT ddur | ng
operation of ‘a separator assenbly corrp‘?l i ng The central core element, flow
t hrough the exhaust channels of two of the porous exhaust conduits is in
011C di r ect i dAOSHhiReéerfingoipy Hig S cestivatuse SA8rraeneats @ pofspediizre viswedii membreme por ous
exhaust condihp dsdnifly 155 ABBRS! il Bl Bore WGindif b ArofifliPyr igent 440
illustrated in tigure "13a conmprises two | éntical centrall core & enment
conponent s 130&eiifingamrtien dGlx)g thapiepemtipr PBa sepatavw apemblys ExchamsturecH08dui t s
18. Central cgre el t C nent.s, 1300.are ill.ustrated from,two
vrewpornt o i oregirE B SATRIARUE SRR febh R Cp D8 ™ Rk
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and exhaust gRaneae Girrdet Payerd ). EPhbabiaial cdrasRAlkst 40 s ®hddcn direMFAVD2 BXI t
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core el enent Pe%vr'r%o%‘é{ﬂ SO I istirescads 9iihe marPEna ¥pck aramiiergidbies 716
adapted for SBCHbLRDstABNS: hreMBon dBhrbk 8y QPRIORE HRAISnIMEELiAlaRNS B d1b}d | S

i ndi cated as securing one central core el enent coggonent to another, in the

enbodi nent f &bt nsyerseedepg(thergare gdotgl of g sudigsigen rbtheppssissupiped e of

grooves 716 ai&nthddBydr! YodnRhICRES lefnBntSROWosipHER (G8Pokdtls kRISt &n@fmNt 440
t o anot her conponent of a separator assenbly 300, for exanple the coupling

menmber 446 ofl8acqshes sbrchngmve eneayst epgdets mpaigesrancexbanbeliagnddpr Hadhs. | n
one enbodi neny, r.ouSe it of a
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[0056] Referring to Fig. 6, the figure represents a pressurizable housing 405 used in
making the spiral flow reverse osmosis apparatus 400 shown in Fig. 4 comprising a
central core element 440 provided by the present invention. Pressurizable housing
405 comprises a detachable first portion of pressurizable housing 601 and a
detachable second portion of pressurizable housing 602. The first and second
portions 601 and 602 may be joined by means of threads 603 for securing 601 to 602,
and threads 604 which are complimentary to threads 603. Other means of securing a

detachable first portion of a pressurizable housing to a detachable second of a
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100641 Figure 13c illustrates a nethod 1310 of making the central core

el ement 440 illustrated in figure 13a. First, a pair of identical central
core el enent conponents 1300 is provided, in a first method step, 1311, the
cl osed ends of the central core element conmponents 1300 are engaged. in
second third and fourth nethod steps (1312-1314), the central core el enent
conponent s i viel r ral..core

el enment 4401)%% \ﬂgﬁ%bg%% ﬁ%&gggmu\réglt}{%glrg %%gﬁg?%ﬁ%gg@%ﬁﬁ%#gﬁ?’s ggplg ?A Lﬂu%j engaged.
[ 00651 | n onkmpmgedd Mepingarshe present invention provides a central core

el ement useful in the preparation of a. salt separator assenbly conprising
a central c EAED, rysj gg% Jo) et 5h fgGnduits,
and not co ro;ggﬂ}g a %otﬁgﬁerg't ?’a{hgg%@kzh t %Ig%ga?t,&gsan tacsc)rrr)r<;?dsh|sn_g] a menbrane
st ack assenbtoprdroepritlsemegnibdineasef thnprefeseidvedioni Borohsagrbayst eandhigd8t t wo
perneate cargrier | aver and a t.t Ltrejecti %ﬁ ayers,
the salt-r ejd%itlz efrg(éonyrpglrsr%p 3#@%“5%#95‘%@‘8‘.‘ E\S\é\ﬁ%cﬁ(gggg% %lgt%éln él%P lgilel%i. earlier
| ayer and. thmepeTitealke pavnd ethahaywenduit Asd defstes famiproes) af feedeommrbr ane
stack assenbly is dispose . thin e central co el.epent and separates
t he per meat §a‘yé§’hzll?stfee§o‘f?ﬁg'f’%afa?soﬁ Orfgacgﬁg{eﬁlgfn.s ‘,{&%saél ond’ p&*TIER bf the
menbr ane st aekneas@hdustycohditrsl 38 afdigiobleay/e6 adaidar fanscaisigesrhibys. dnspesed
around the central core elenent. The feed carrjer layer is not in contact
o thany of ST Dleni i SOIEN SULECORAN b Bt ABREL Fore MR e Th ¢ e
per neat e Cakyhidrdeliagsey cavilth&Sopafo iRt manbé Hispost@y EFss pation 68 heinBra@ont act :
with at | east one of theallpr)ler meat e._exhaust conduits. 100661 in one

enbodi nent , Sereassemily 4 Jnong emiedipsp; porg pust sRydpifel 8 K 9iaed sk e el ement

provi ded by iadteRpRSLAEMEMY 848 A4 QTRIrS §Srods BkHaliit cON®At IRAFDRIARRI assenbl y
which is radially disposed about the central core elenent. The salt
separ at or a34@rthf jraneryeleninty 140eand 4| of arsepedinomys rhraredriay®r Thei ch has a
functi onal i 28dn$Y6:tia 6f BP theBrad ki NBAL AN 1 Z8H Wikihfi 868nd 1h8 c&if 8RO ment ,
the salt separator assenbly conprises a central core clenment conprising
three or noelEmsdrEEPrisingaowys @t gprdits (13 iherchanbodired thas mertiontod sal t
separator a L : r 3 Let: rs. In yet
R4 e‘i{?ﬂg{ éso%aﬁé.t t gg%gaﬁ)te(a foPPJn‘%‘aclr?TgJFtHy %ﬁetc O}%pn?léa[té béthied BY& 105 -

anot her enbodinent, _ ator assent rises a plurality of

f eed carri ethe fagderasrier daydr isslighilydongsr than theentsvdiofthet porprecxbalst caydpir at or
assenbly co i I -rej i 00671 In
yot _anot her CURbuE, il Lis. 8 Skt ShEnkh"hOTTEIRANE f BiBRCord 10

el enent useflemenin compripmge pap apirows ekhaasts pordalts fll8oway eberiserted oI 8 menbr ane
apparatus conprisi a ressuri zahl e hausi n nd .(.b separ.at or
SECanbly. TRESEAIgpRing 0B (ERCE AAE Lt NN bR D AR

conpri sing ai fdedadét 400.e Duding opaition] Z fded y@ntiormaydashirddncedplronglateedcarri er

| ayers, and.at ast rane | ayers, the feed. carrier |la ei ng

i Sposed betrcOnns HEbPERCey Ayer T Hang BEa-ETR E8heRoarRy Bl o
contact wi t kxdebefepém@adsardnatbeif@sd coalyd bafflef 7 DNandenhacts tRMted suffecesEpar at or
assenbly conprises a central core_el enment copprisin t least two perneate
exhaust ~ condtfi 18212198 248AmER- oftie PRERETi ¥ dha feed feT! cayiBese IPalidP conduit.
A first porbi@bntofindol@olRNbsARe tehaeck ASSRB®! nitisn Canf HBUurRd Sulbe,t hat it
separates the perneate exhaust conduits. A second portion of the nenbrane
st ack assenBrgictlaryat darhip-t Orogyes 7 Heifapiah foraeeisipg| yriggs JpysEEedp 6Ad t he

central cor en&)&MRMxhaublEorldfRIaiCRAE ch@hnd f¥S o se2ufdQhe AupiRPbaRbeMiE @
per neat e exhaust conduit. The perneate carrier |layers are in contact with

at | east onécrsfaterfssepihmifaad exupiog meebpidtio(8eedig 44t e not in contact with
the feed carrier |layer. The pressurizabl e housing conprises at |east one
feed inlet dYWBI Bealferinettd Figr Syvihe SereS0 soresenty A Crags-59¢E0T BEY 2 IHIROEE of t he
separ at or  a$3eiPhYmenBiEnPiERINhAAN SRS IRRIRELREERL clbfgfilasgne

per neat e exhaust outlet coupled to the pérneate exhaust conduit, and at

| east one conwédetrbatthe prekrabstversinn te cevigdicerd demant eompirrdrenthregtner®sr f ace of
t he separator assenbly. The pressurizabl e housing may be made of suitable
material or materials. For exanple, thg pressurizable housing nay be nade
of a polyner, stainless steel, or a. conbination thereof In one enbodi nent,
the pressurizable housing is nade of a transparent plastic material. In
anot her enbodi nent, the pressurizable housing is nade of a transparent
inorganic material, for exanple, glass.



100681 The central core elenents provided by the present invention may be
made by a variety of nethods, for exanple by injection nolding, blow

nol di ng, and nol di ng techni ques such as clam shell injection nolding,
over-nol di ng and gas assisted nolding, techniques well known to one of
ordinary skill in the art. The central core elenents provided by the

present i nvenixhARt BEhAuRE 18RAQ BbwARY FRUISt ABh 6f AR fIrbR! exhMAWBNRIts fUE tO a
conbi nati on of st ren%%‘g and | ow cost, thernopl astics such as pol yet hyl ene

may be pref erficgycate GBS quyduit dlégoiphewmniie egerabrangrsiagh yssempliey 120 i ve,
serving to il - - - tshe | [ e
appended cl aiéﬁsﬁgéﬂgﬁ-ﬁ? 2#%3%9?@1 g %ltam%ﬁ]ngaligdr#{}(gﬁ%; ?j(jnAageﬂgg%g %/eq%sly 3—{1 has
been concei vadoddad bsheotasiogripé eenttat cerierelgment éntlizettian €22 Itd psividet 4 woumf

sel ect ed enbagi ts fr pa{a'!f I i.bl.e. embodi nents.

Accordi ngly, Osﬁjtugiﬁfs} %psle@gﬂ 2{13 [ ﬁﬂggfnl%gnr?%{nﬁgﬁafﬁsée%ﬁggnded clains are not
to belimte t i lﬁxtﬂ{ﬁﬁ ilized i ; e res of
t he present iqg@éebrktﬂléger@ lllE)Aisoqﬁ%cegt‘ﬂt| n e!e&)z)l 1’{1#) Hﬁ%%nﬁt%%gév%gf quagé&n%%tl méfélﬁgﬁqgnd its
grammat i cal wdipa@ef miembgine statkyasadmsidies iR dispbsederithingl agdeal ghreagansenod4Ovar yi ng

and differin X uch as .for .exanple,. byt not limted thereto,
"consi sting §§‘g§1%n6$i ﬁ‘)? PEFSELIFIRR S s"t"?"ﬁ“’g%gf Pomwg’%%uﬁecc‘?g@lgtéﬁ}%; anges
have been suppbwedy Figh@sach ahge poarue exhailstisindeitsofs aapdrmsatd extangeasndiier e
between. It i§.,to,be expected.that varjations .in these ranges wl| . suggest
t hensel ves toﬁg' péa%ﬁp?ﬁafz’ér?é?en}li’b(/il%ﬁmé’}‘i‘i?nlﬁ'r fpiatipg) the genig} Crg Flemat fhere not

al r eady gedi czngre&tbnt w2t ﬂgq)gpﬂbéhhcwouhb@gacdmalr bt ealise ﬂiacumhlﬂ ofRI BerRBraSd bije lﬁe
construed to be covere t he appende ainms, It is also anticipated that
advances in é&%ﬁéﬁmﬁﬁas f* ﬁWH}gog‘\? SR 15¢ é“sé‘hﬁfl\%? &fges adPrdygEihe ut i ons

possi bl e t hatmafilaktackawWeBRt €npl at ed by reason of the inprecision of
| anguage and these variations should al so be construed where possible to be

covered by tHeocuppendest ©l BB, the figure 440 represents a three dimensional view of a

central core element of the present invention. Central core element 440 comprises

=0

two identical porous exhaust conduits 18 and defines a cavity 450 which may
accommodate a first portion of a membrane stack assembly 120. The component
porous exhaust conduits 18 of central core element 440 are essentially the same as
that illustrated in Fig. 7 with the exception that the porous exhaust conduits 18
illustrated in Fig. 10 comprise a feed control hole 1001 adjacent to feed control baffle
714. Central core element 440 comprises a blocked end 445 and an open end from
which, during operation, permeate or concentrate emerges in direction 449. In one
embodiment, the term “blocked end” is used to indicate that each of the porous
exhaust conduit exhaust channels 119 is blocked by a blocking element 712 such that
fluid entering the exhaust channel can exit the permeate exhaust conduit only at the
end opposite the blocked end. In alternate embodiments the terms “blocked end” or
closed end” refer to a closed end 445 of a porous exhaust conduit which does not
comprise, for example, a feed control cavity 710. In the embodiment shown in Fig.
10, however, each of the porous exhaust conduits comprises a feed control cavity 710.
Moreover, when the central core element 440 shown in Fig. 10 is used in a separator

assembly 300, the permeate carrier layers 110 may be disposed around any porous
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1. A cenrai core elenent for a separator assenbly conprising: at |east two
porous exhaust conduits; sai d porous exhaust conduits conprising an
exhaust channel and one or nore openings which allow fluid communication
bet ween an exterior surface of the porous exhaust conduit and the exhaust
channel, at |east one of said porous exhaust conduits conprising a el enment,

exhaust conduit 18 serving as a permeate exhaust conduit 118 such that no permeate

enters the feed control cavity 710.

[0061] Referring to figure 11a, the figure represents a three dimensional solid view of
a central core element 440 of the present invention. The central core element is
identical to that illustrated in Fig. 10. Figure 11b represents a side-on view of the
central core element of figure 11a. Figure 11c provides an expanded view of the

“open end” of the central core element of figure 11a.

[0062] Referring to Fig. 12, the figure 12d represents a central core element 440 of
the present invention which may be employed in separator assemblies. Central core
element 440 comprises three porous exhaust conduits 18; two porous exhaust conduits
18 having the structure shown in figure 12a, and a third porous exhaust conduit
having the structure shown in figure 12c. The central core element 440 of the
example presented by Fig. 12 may be used to prepare the separator assemblies as
disclosed herein. For example, Fig. 8 shows the central core element 440 of figure
12d wherein two membrane stack assemblies 120 are disposed within the cavities
defined by the central core element. Two of the porous exhaust conduits 18 shown in
Fig. 12 are modified half cylinders (figure 12a) comprising an exhaust channel 119
(not visible in figure 12a), openings 113 (not shown) communicating with permeate
exhaust channel 119, spacer element 446, and grooves 716 adapted for securing an o-
ring. The channel 119 runs the length of porous exhaust conduit 18 which in this
example is closed at end 445. Two porous exhaust conduits 18 are joined to form
partial structure 1210 (figure 12b) in which openings 113 and exhaust channels 119
are visible. Openings 113 allow permeate or concentrate to flow from a permeate or
concentrate carrier layer into the exhaust channels 119. Partial structure 1210 further
defines a cavity 450 which accommodates both the third porous exhaust conduit 18
(figure 12¢) and two membrane stack assemblies 120 (for example the membrane
stack assemblies configured as shown in Fig. 8). The third porous exhaust conduit 18
(figure 12¢) may be inserted into cavity 450 of intermediate structure 1210 to form
central core element 440 as shown in figure 12d. The third porous exhaust conduit 18
(figure 12c¢) comprises an exhaust channel 119. Flow of permeate or concentrate

through exhaust channel 119 of the third porous exhaust conduit 18 (figure 12c)
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sai d porous exhaust conduits conprising at | east one spacer el enent

defining a cavity between said porous exhaust conduits,

said cavity being

configured to accommpdate a first portion of a nenbrane stack assenbly.
The central core elenent according to claiml1, wherein at |east o the
por ous exhaust conduits is a porous half-cylinder shaped tube. 3. The

central core RLEFBNirR66P1H2Ne figulesCl2Biafll 12d)MIB Q! dndih &R flus@hted &f the

fromthe ‘aoup consisting of porous

por ous exhaust conduits is selected

2.

hal f - oct agon Fahdpele eigprdendpitSonfdha st and seqpnd apons ekaweé gondyie 8 (fgnee por ous

hal f -t et r adecahpehpdht

toclaiml,

wherei n a?l sal d porous
except by means of the central passage of exhaust channel 119 (figure 12c). As

noted, the first and second porous exhaust conduits 18 (figures 12a, 12b and 12d) are
blocked at end 445 and flow of permeate or concentrate through the exhaust channels
119 defined by the first and second porous exhaust conduits is restricted to direction
1234 (figures 12b and 12d).

[0063] Referring to Fig. 13, the figure 13a represents a central core element 440 of
the present invention which may be employed in separator assemblies. Central core
element 440 comprises four porous exhaust conduits 18 configured such that during
operation of a separator assembly comprising the central core element, flow through
the exhaust channels of two of the porous exhaust conduits is in one direction while
flow the exhaust channels of the remaining two porous exhaust conduits is in the
opposite direction. The central core element 440 illustrated in figure 13a comprises
two identical central core element components 1300 (figure 13b) each comprising two
porous exhaust conduits 18. Central core element components 1300 are illustrated
from two viewpoints in figure 13b. In a first viewpoint, central core element
component 1300 is seen from closed ends 445 of the two porous exhaust conduits 18.
The porous exhaust conduits 18 comprising central core element component 1300 are
“quarter cylinder” in shape and comprise openings 113 and exhaust channels 119. The
exhaust channels 119 share a common exit cavity 1308 defined by blocking member
1305. Other features of the central core element component 1300 illustrated in figure
13b include grooves 716 adapted for securing an o-ring. Unlike embodiments
wherein an o-ring is indicated as securing one central core element component to
another, in the embodiment featured in Fig. 13 the o-rings suggested by the presence
of grooves 716 are primarily intended to secure the central core element 440 to
another component of a separator assembly 300, for example the coupling member
446 of a pressurizable housing of a reverse osmosis apparatus. In one embodiment,
the gap 1309 between the porous exhaust conduits 18 of a central core element
component 1300 is slightly narrower at the closed end 445 than the open end of the

central core element component. Under such circumstances, the porous exhaust
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exhaust conduits have identical shapes. 5. The central core el enent
according to claiml1l, wherein at |least two of said porous exhaust conduits
have different shapes. 6. The central core elenent according to claima1l,
conprising a porous exhaust conduit having a teardrop shape. 7. The
central core elenment according to claiml conprising at |east three

conduits 18 of the central core element component 1300 are slightly biased toward
one another. When two such central core element components 1300 are coupled
together to form a central core element 440, this slight bias of the porous exhaust
conduits acts to secure the two central core element components to each other without

the need for additional securing means such as o-rings.

[0064] Figure 13c illustrates a method 1310 of making the central core element 440
illustrated in figure 13a. First, a pair of identical central core element components
1300 is provided. In a first method step, 1311, the closed ends of the central core
element components 1300 are engaged. In second third and fourth method steps
(1312-1314), the central core element components 1300 are progressively engaged to
afford the central core element 440 in which the central core element components are

fully engaged.

[0065] In one embodiment, the present invention provides a central core element
useful in the preparation of a salt separator assembly comprising a central core
element comprising at least two permeate exhaust conduits, and not comprising a
concentrate exhaust conduit, and comprising a membrane stack assembly comprising
at least one feed carrier layer, at least two permeate carrier layers, and at least two
salt-rejecting membrane layers, the salt-rejecting membrane layers being disposed
between the feed carrier layer and the permeate carrier layers. A first portion of the
membrane stack assembly is disposed within the central core element and separates
the permeate exhaust conduits from one another. A second portion of the membrane
stack assembly forms a multilayer membrane assembly disposed around the central
core element. The feed carrier layer is not in contact with any of the permeate
exhaust conduits and is not in contact with the permeate carrier layer. The permeate

carrier layers are each in contact with at least one of the permeate exhaust conduits.

[0066] In one embodiment, the salt separator assembly comprising the central core
element provided by the present invention comprises a multilayer membrane
assembly which is radially disposed about the central core element. The salt separator
assembly may comprise a salt-rejecting membrane layer which has a functionalized
surface and an unfunctionalized surface. In one embodiment, the salt separator

assembly comprises a central core element comprising three or more porous exhaust
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porous exhaust conduits. 8. The central core elenment according to claim1
conprising at |east four porous exhaust conduits. 9. The central core

el enent according to claim@8 conpnsng four porous exhaust conduits. 10.
The central core elenent according to claim1, wherein at |east one of said
por ous exhaust conduit conprises a blocking elenent. 11. The central core

el ement accorsdhdifts! OnCdndthdt Emb¥diRERY fhet 8 RPARIS aQXRBUS o tHrse HONPT i se
one or nore grooves adapt ed to secure an o-ri ng
more permeate carrier layers. In yet another embodiment, the salt separator assembly
comprises a plurality of feed carrier layers, and in an alternate embodiment, the salt

separator assembly comprises three or more salt-rejecting membrane layers.

[0067] In yet another embodiment, the present invention provides a central core
element useful in the preparation of a spiral flow reverse osmosis membrane
apparatus comprising (a) a pressurizable housing and (b) a separator assembly. The
separator assembly comprises a membrane stack assembly comprising at least one
feed carrier layer, at least two permeate carrier layers, and at least two membrane
layers, the feed carrier layer being disposed between two membrane layers. The feed
carrier layer is not in contact with the permeate carrier layer. In one embodiment, the
separator assembly comprises a central core element comprising at least two permeate
exhaust conduits and which does not comprise a concentrate exhaust conduit. A first
portion of the membrane stack assembly is configured such that it separates the
permeate exhaust conduits. A second portion of the membrane stack assembly forms
a multilayer membrane assembly disposed around the central core element. The feed
carrier layer is not in contact with a permeate exhaust conduit. The permeate carrier
layers are in contact with at least one of the permeate exhaust conduits and are not in
contact with the feed carrier layer. The pressurizable housing comprises at least one
feed inlet configured to provide feed solution to the feed surface of the separator
assembly. The pressurizable housing comprises at least one permeate exhaust outlet
coupled to the permeate exhaust conduit, and at least one concentrate exhaust outlet
coupled to the concentrate surface of the separator assembly. The pressurizable
housing may be made of suitable material or materials. For example, the
pressurizable housing may be made of a polymer, stainless steel, or a combination
thereof. In one embodiment, the pressurizable housing is made of a transparent
plastic material. In another embodiment, the pressurizable housing is made of a

transparent inorganic material, for example, glass.

[0068] The central core elements provided by the present invention may be made by a
variety of methods, for example by injection molding, blow molding, and molding

techniques such as clam shell injection molding, over-molding and gas assisted
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12. The central core elenent according to claiml1, wherein the porous
exhaust conduits define at |least two cavities configured to accommobdate a
first portion of a nenbrane stack assenbly, 11. A central core elenent for a
separator assenbly conprising: tw porous exhaust conduits; sai d

por ous exhaust conduits conprising an exhaust channel and one or nore

openi ngs whirflidl L Q¥hiGhd LICRITAM 6AL beBahhRANiAR, &X! #ht BkmliEdace of the

porous exhaust conduit and the exhaust channel, at |east one of said porous
exhaust conéigmests pevideddiynige ardsprvineatien olay dleangdetof any suitabdemgtepiak ous

exhaust Congb'\ivé\%r CRIPL! 5 Olbidhtid elé’ﬁtreﬂé‘tﬁ RARE! &l SEHopf&idsubY 28 Ccavity

bet ween sai d pordus exhaust condu ,
polyethylene may be preferred.

[0069] The foregoing examples are merely illustrative, serving to illustrate only some
of the features of the invention. The appended claims are intended to claim the
invention as broadly as it has been conceived and the examples herein presented are
illustrative of selected embodiments from a manifold of all possible embodiments.
Accordingly, it is Applicants' intention that the appended claims are not to be limited
by the choice of examples utilized to illustrate features of the present invention. As
used in the claims, the word "comprises" and its grammatical variants logically also
subtend and include phrases of varying and differing extent such as for example, but
not limited thereto, "consisting essentially of"' and "consisting of." Where necessary,
ranges have been supplied, those ranges are inclusive of all sub-ranges there between.
It is to be expected that variations in these ranges will suggest themselves to a
practitioner having ordinary skill in the art and where not already dedicated to the
public, those variations should where possible be construed to be covered by the
appended claims. It is also anticipated that advances in science and technology will
make equivalents and substitutions possible that are not now contemplated by reason
of the imprecision of language and these variations should also be construed where

possible to be covered by the appended claims.
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said cavity being configured to accommpdate a first portion of a nenbrane
stack assenbly. 14. The central core elenent according to claim 137 wherein
each of the porous exhaust conduits is a porous hal f-cylinder shaped tube.
15. A central core elenent for a separator assenbly conprising: a
pair of central core elenment conponents, each central core el enent
conponent coOnphdts ddgmad pai r of identical quarter-cylinder shaped porous
exhaust conduits; each porous exhaust conduit conprising an exhaust channel

1. A central core element for a separator assembly comprising:

at least two porous exhaust conduits;

said porous exhaust conduits comprising an exhaust channel and one
or more openings which allow fluid communication between an exterior
surface of the porous exhaust conduit and the exhaust channel,

at least one of said porous exhaust conduits comprising a flow control
element,

said porous exhaust conduits comprising at least one spacer element
defining a cavity between said porous exhaust conduits, said cavity being

configured to accommodate a first portion of a membrane stack assembly.

2. The central core element according to claim 1, wherein at least one of

the porous exhaust conduits is a porous half-cylinder shaped tube.

3. The central core element according to claim 1, wherein at least one of
the porous exhaust conduits is selected from the group consisting of porous
half-octagon shaped tubes, porous half-decahedron shaped tubes, and porous
half-tetradecahedron shaped tubes.

4. The central core element according to claim 1, wherein all said porous

exhaust conduits have identical shapes.

3 The central core element according to claim 1, wherein at least two of

said porous exhaust conduits have different shapes.

6. The central core element according to claim 1, comprising a porous

exhaust conduit having a teardrop shape.

7. The central core element according to claim 1 comprising at least three

porous exhaust conduits.
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nore openi ngs which allow fluid commni cati on between an exterior surface
of the porous exhaust conduit and the exhaust channel, said porous exhaust
conduits defining two cavities, each of said cavities being
configured to accommpdate a first portion of a nenbrane stack assenbly,
wherein for each central core el enent conponent, the exhaust charnels share

a common exit cayity,The centra®B6ke MGG LcbfigGE Rl 6RAPAsIAE ATBRE foud
configured such that during operation of a separator assenbly conprising

the central cor epaspusreghaust fondwitst hr ough t he exhaust channels of two of the
porous exhaust conduits is in one direction while flow the exhaust channel s
of the remaining two porous exhaust conduits is in the opposite direction.

| 6.A central co?.e elldwenttrd oorezlesephacabingas skt |8ycoppnping §humgorous

exhaust conduits.

10.  The central core element according to claim 1, wherein at least one of

said porous exhaust conduit comprises a blocking element.

11.  The central core element according to claim 1, wherein the porous

exhaust conduits comprise one or more grooves adapted to secure an o-ring.

12.  The central core element according to claim 1, wherein the porous
exhaust conduits define at least two cavities configured to accommodate a first

portion of a membrane stack assembly.

13. A central core element for a separator assembly comprising:

two porous exhaust conduits;

said porous exhaust conduits comprising an exhaust channel and one
or more openings which allow fluid communication between an exterior
surface of the porous exhaust conduit and the exhaust channel,
at least one of said porous exhaust conduits comprising a flow control
element,

said porous exhaust conduits comprising at least one spacer element
defining a cavity between said porous exhaust conduits,

said cavity being configured to accommodate a first portion of a

membrane stack assembly.

14. The central core element according to claim 13, wherein each of the

porous exhaust conduits is a porous half-cylinder shaped tube.

15. A central core element for a separator assembly comprising:
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at | east two porous exhaust conduits; sai d porous exhaust conduits
conpri sing an exhaust channel and one or nore openings which allow fluid
comuni cati on between an exterior surface of the porous exhaust conduit and
t he exhaust channel, at | east one of said porous exhaust conduits
conprising a flow control el enent, sai d porous exhaust conduits

i ndependent |y defi ni nga gai€ 8¥ tértrabeIr¥eRMeBOE FHnfRREMS TaBX BAUET cdz® BREhS |
said cavity being configured to acconmodate a first portion of a nenbrane

stack assenbly. 17PKPRICEleAUPRIISINEOR o8| efmistepticnt CrdiTTylindsT chapeh BBOUswher ei n
all said exhaust conduits;

each porous exhaust conduit comprising an exhaust channel and one or
more openings which allow fluid communication between an exterior surface
of the porous exhaust conduit and the exhaust channel,
said porous exhaust conduits defining two cavities,

each of said cavities being configured to accommodate a first portion
of a membrane stack assembly,

wherein for each central core element component, the exhaust channels
share a common exit cavity,

and wherein the central core element is configured such that during
operation of a separator assembly comprising the central core element, flow
through the exhaust channels of two of the porous exhaust conduits is in one
direction while flow the exhaust channels of the remaining two porous exhaust

conduits is in the opposite direction.

16. A central core element for a separator assembly comprising:

at least two porous exhaust conduits;

said porous exhaust conduits comprising an exhaust channel and one
or more openings which allow fluid communication between an exterior
surface of the porous exhaust conduit and the exhaust channel,

at least one of said porous exhaust conduits comprising a flow control
element,

said porous exhaust conduits independently defining a cavity between
said porous exhaust conduits,

said cavity being configured to accommodate a first portion of a

membrane stack assembly.

17.  The central core element according to claim 16, wherein all said

porous exhaust conduits have identical shapes.
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por ous exhaust conduits have identical shapes. 18.The central core el enent
according to claim 16, wherein at |east one of said porous exhaust conduit
conprises a bl ocking el ement

18.  The central core element according to claim 16, wherein at least one of

said porous exhaust conduit comprises a blocking element.
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