SPI RALLY ' FOUNT4B. NE SEPARATOR ASSEMBLY CROSS REFERENCE TO RELATED

APPL| CATI ONS [0001] This Application clainms priority to currently pending
US Provisional Application No. t SN 61/106, 219, Docket No. 2222061, filed
Oct ober 17, 2008. BACKGROUND 10002] This invention includes enbodi nents
that generally relate to separator assenblies. in various enbodi nents, the
invention relates to spiral flow separator assenblies. The invention al so
i ncl udes net hods St | PGPV ADNBRASE MO ABATJRHOOSEMIYnY ent i ona
separator assenblies typically conprise a folded nmultilayer menbrane
assenbly di sposed around a porous exhaust conduit. The folded multil ayer

nmenbr ane ??ﬁéggl IgﬁﬁgﬁgﬁeﬁD ﬁ9@ﬁﬂ§9ﬁﬁﬁ§@Aﬁ@Mﬁﬁ.in fluid contact with the

active-surface o rane | ayer having an active surface and a passive
surface, The folded multilayer menbrane assenbly al so conprises a perneate
carrier | ayé0l1]i thisoApaktatimnt blaithe pasgyve sorfeate pénditge WenBrevmeordadyer and

a porous exhaust. condui T | ded r ructu ures
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bringing the feed carrier layer into contact with the perneate carrier

| ayer or theCRarousNgxhaust conduit. During operation, a feed solution
containing a solute is brought into contact with the feed carrier |ayer of
the nultil ayer nepbrane assenbly which transmits the -feed solution to the
active sur hﬂﬁ ohist Hyeraom riasiadésagabodimets deati esnesaln delpteais FEPEaaT port i on
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solution also serves to disrupt soludte accretion at t active ace of
t he nmenbr asecnhidiosr Taodhvenaors ploo inchxdee swtivdk filremakihg edpatdie assdntblicayer
menbr ane assenbly. The perneate passes via the perneate carrier layer into

assenbl i o b RGP BRI S TIYER MBI Are Y CeniPEET HEVE BN used

i n vari ousyéhbiafe Patsthb§alispBsdar QERHACE pdroGs UkhBstr EURINRE OBEOFHIBed

ultratiltration, and m crofiltration processes.
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 osmosis, ultrafiltration,

and microfiltration processes.



[ 0004] Folded rmulti |ayer menbrane assenblies may be manufactured by
bringing the active surface of a nenbrane | ayer having an active surface
and a passive surface into contact with both surfaces of a feed carrier

| ayer, the nmenbrane |ayer being folded to create a pocket-like structure
whi ch envel ops the feed carrier layer. The passive surface of the menmbrane
| ayer is broagF@ﬁlnto contact with one or nore permeate carrier layers to

produce all¥g ed sruddiyca seaamiypye dssermbliesimashes enefaeturedriringinger i s
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exhaust conduit giecont act with the comon perneate carrier_layer to
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conprising a fol.ded [tila. er. rrerrbran asse ly is that the folding of
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| ayer. [00 51 Thus ere exists a need for further inprovenents in both
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inultilay assenblies. Part. c | ar r eal of wat
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ef fective. BRI EF DESCRI PTI ON 1000@L I n one enbodi nent, the present

i nvent i on°dsed vl dex menyELr ded 2uswekie grecap@mnr@rqhg sealedin peaveriofisecs| ement

conpri sin nﬂct l a5 fele iy R}ﬂ]{ah%lfh %hﬁégﬁ]tgat(éom eq_nd n%rﬁ)gg%eaﬁfl&g a
concentrat e exhaust cond and a rane s assenbl'y conprising at

| east onesebaad)r@asamlﬂresIcamhsmgta fcﬁthtlmaymemmairme:@ersembry isaygrthe and at
| east two mgg?glﬂ | ayers, the menbr ane Iayers bei ng di sposed between the

feed carrio c membrae IpuirBay sesuliripilats oiappembrangHuReion epdngde neat e
exhaust  copdhirdfedlofR ERaLaLEMH Med@olit AlanfAfd £ chif rane stack
assenbly, and rWher eOI n a secondepoertloon 0of 1??81250%3;‘{% fs%{a Epassenbl y forns
a nmultilayer nmenmbrane assenbly di sposed.ar ound the central core el enent,
and where 0ﬁ05]hBhliSeé1@br@ axmtsea need éor fisthanimprovemantadn with the dpggmead e
exhaust cond erneate carrier la eiﬂ are in contact
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t he presenterhBI¥SNIRRACRADY ides Ralsabt walPPuATStiASHE Hakian (R SiRY a
central core elenent conprising at | east two perneate exhaust conduits and

not conprihgieriga somprtiannpet ior Bxraipbustaddeliable sparatorreseprdise Whidicke assenbl y
conpri si %éﬁlk{dcf&%?@&%tgﬁgﬁq’t" arrier layer, at least two pernmeate carrier
Wo salt-

| ayers, eas rejecting menbrane |ayers, the salt-rejecting
menbrane | ayers bei ng di sposed between the feed carrier |ayer and the

per neat e BRIEH BESCRYEFKIN wherei n t he perneate exhaust conduits are
separated by a first portion of the nenbrane stack assenbly, and wherein a

second p j of the ne stack assenbly for a multilayer nbr ane
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wherein the permeate carrier layers are in contact with at |east one
pi rrucat cangxideempeismgui goncentrate exhaust conduit; and a membrane stack assembly
comprising at least one feed carrier layer, at least two permeate carrier layers, and at
least two membrane layers, the membrane layers being disposed between the feed
carrier layer and the permeate carrier layers; wherein the permeate exhaust conduits

are separated by a first portion of the membrane stack assembly, and wherein a

second portion of the membrane stack assembly forms a multilayer membrane



[ 00081 in yet another enbodi ment, the present invention provides a spiral

fl ow reverse osnosis apparatus conprising (a) a. pressurizabl e housing; and
(b) a separator assenbly conprising a nenbrane stack assenbly and a central
core elenent conprising at |east two perneate exhaust conduits and not
conprising a concentrate exhaust conduit; wherein the nenbrane stack
assenbly conprises at | east one feed carrier layer, at |east tw perneate
carrier | asseersblyahgpoatd dreurd thewgenina rdoreaglementy snd whetgin the dgndanaeridrdgier s bei ng

di sposed between the feed carrier |layer and.the rneate carrijer |ayers,
o oher o B AR I shilfe SRS a TRENLEL okRAST o8¢ Ay RRPIRE IR SHEE a0 o1
of the rremlr%%@;@aresm@@ktaats\sm’@d I¢ast 3Rl phrefcaicxdase eomhipor ti on of the menbrane
stack assenbly forns a nultilayer nenbrane assenbly di sposed around the

central core elenment, and wherein the feed carrier layer is not in contact
with a periP847leinepethet catediment. fird PRrseRteityentien pupyeat @ salf rieB#aoayer s

are in co i i ( i in the
pr essur i zabr e Pece R ing e BRrP SRR Srp Sl IEAPE penA SR
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pressurizabl e bousin .congrk%es at Iaast.onﬁ'gern?ate exhaust out] et
coupl ed t *SFHBHe {sEge g lrasl ot g GRLrieTafRCTa 2T |1RASE W MSTREAE SAT IS e
exhaust oukl&t. ank0R08At TheSeItagdcipenbeabUnRSs, BSREE SectRdnadyant ages of
the present” invention ngybhe understood nore readily by 'reference to the
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[ 0010] Thesg and..ot her features, aspects, and adyantages, of the present
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i ke characters may represent |ike parts throughout the draw ngs. [0011]
Fig. 1 illassepblydermne nuhigrysementsangasembbndisperst asapdr te sentiaglserinl y and

met hod of él&rﬁefﬂ,s mé(rein the feed carrier layer is not in contact with a permeate exhaust
conduit, and wherein the permeate carrier layers are in contact with at least one

permeate exhaust conduit.

[0008] In yet another embodiment, the present invention provides a spiral flow
reverse osmosis apparatus comprising (a) a pressurizable housing; and (b) a separator
assembly comprising a membrane stack assembly and a central core element
comprising at least two permeate exhaust conduits and not comprising a concentrate
exhaust conduit; wherein the membrane stack assembly comprises at least one feed
carrier layer, at least two permeate carrier layers, and at least two membrane layers,
the membrane layers being disposed between the feed carrier layer and the permeate
carrier layers, and wherein the permeate exhaust conduits are separated by a first
portion of the membrane stack assembly, and herein a second portion of the
membrane stack assembly forms a multilayer membrane assembly disposed around
the central core element, and wherein the feed carrier layer is not in contact with a
permeate exhaust conduit, and wherein the permeate carrier layers are in contact with
at least one permeate exhaust conduit, and wherein the pressurizable housing
comprises at least one feed inlet configured to provide a feed solution to the feed

carrier layer, and wherein the pressurizable housing comprises at least one permeate



[0012] Fig. 2 illustrates a nmenbrane stack assenably and central core
el ement in accordance with an enbodi nent of the present invention, [0013]

Fig. 3 illustrates a separator assenbly in accordance with an enbodi nent of
the present invention. [0014] Fig, 4 illustrates a spiral flow reverse
osnosi s apparatus conponents thereof in accordance with an enbodi nent of
the present invention. [001$] Fig, 5 illustrates a in.ethod of making a

separ at orcxgse wbilst qonpked doifapremealictchhast eprisoetb.nandtat dfast pree paneseirate
inVéIitiQ%%mHégg&g] Ha. 6 illustrates a pressutizabl e housi ng conponent of
art apparatus provided by the present invention. [0017] Fig. 7 illustrates
a perneate exhaust conduit in accordance with an enbodi nent of the present
i nvent i on[000YOBke bdoth8r fehiuust aspees, amamdyanggs todche @ssanhiveasonanay a

central core elenent in accordapce with an enbodi ment of .the present
i nvent i onb€ understood more rea (i:ly y reference to the following detg?le(s description. P

BRIEF DESCRIPTION OF THE DRAWING FIGURES

[0010] These and other 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 and central core element in

accordance with an embodiment of the present invention.

[0013] Fig. 3 illustrates a separator assembly in accordance with an embodiment of

the present invention.

[0014] Fig. 4 illustrates a spiral flow reverse osmosis apparatus components thereof in

accordance with an embodiment of the present invention.

[0015] Fig. 5 illustrates a method of making a separator assembly in accordance with

an embodiment of the present invention.

[0016] Fig. 6 illustrates a pressurizable housing component of an apparatus provided

by the present invention.

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

embodiment of the present invention.

[0018] Fig. 8 illustrates membrane stack assemblies and a central core element in

accordance with an embodiment of the present invention.



1110191 Fig. 9 illustrates nmenbrane stack assenblies and a central core

el ement in accordance with an enbodi nent of the present invention. 10020]
Fig. 10 illustrates a central core elenent in accordance with an enbodi nent
of the present invention. 100211 Fig. 11. illustrates a cccore elenment in
accordance with an enbodi nent of the present invention. DETAILED

DESCRI PTI ON [ 0022] In the follow ng specification and the clains, which

fol | ow, ref08l®hEig. Wiillustesragmbrancastacknbsemblics emdvs, centritlcéors Feddnhentveén def i ned

to have t hgcclz)%alngé’\n wﬂg arrlr%r%%logi%]seht of 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.
DETAILED DESCRIPTION

[0022] In the following specification and the claims, which follow, reference will be

made to a number of terms, which shall be defined to have the following meanings.

[0023] The singular forms “a”, “an”, and “the” include plural referents unless the

context clearly dictates otherwise.

[0024] “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.

[0025] 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.

[0026] As noted, in one embodiment, the present invention provides a separator
assembly comprising a central core element and a membrane stack assembly. The

central core element comprises at least two permeate exhaust conduits and does not



[0023] The singular forns "a",, and "the" include plural referents unless
the context clearly dictates otherw se. [0024] "Optional" or "optionally
means that the subsequently described event or circunstance may or may not
occur, and that the description includes instances where the event occurs
and instances where it does not. 10025] . Approxi matinw | anguage, as used
herei n throughout the specification and clains, nay he applied to nodify
any quant ¢anarisg@ qoagendenediniigcondhat. Coumdmbeangistask laksemibdy gompties wat

resulting in a change in.the basic function to which it i | at ed
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cont ai nedaskéielblei dispesde /sthoit exhtrdreokadgmage Andiceal pstioh bEnhd seond 00261 As
noted, in one enbodi nent, the gresent i nvention_provi des a separator
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and does
within and around the central core element such that the feed carrier layer is not in

contact with a permeate exhaust conduit, and such that permeate carrier layers are in

contact with at least one permeate exhaust conduit.

[0027] As noted, the central core element comprises at least two permeate exhaust
conduits and does not comprise a concentrate exhaust conduit. An exhaust conduit
may be a permeate exhaust conduit or a concentrate exhaust conduit depending on
which layer or layers of the membrane stack assembly it is in contact with. A layer is
“in contact” with an exhaust 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 concentrate carrier layer
surface in such a way that concentrate. Each permeate 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 permeate 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 permeate exhaust conduit include perforated metal tubes, perforated
plastic tubes, perforated ceramic tubes and the like. In one embodiment, the permeate
exhaust conduit is not perforated but is sufficiently porous to allow passage of fluid
from the permeate carrier layer into the interior of the permeate exhaust conduit.

Fluid passing from the permeate carrier layer into the permeate exhaust conduit is at



conprise a concentrate exhaust conduit. The nmenbrane stack assenbly
conprises at |east one feed carrier layer, at |least two perneate carrier

| ayers, and at | east two nenbrane | ayers, the nmenbrane | ayers being

di sposed between the feed carrier |ayer and the perneate carrier layers. In
various enbodi ments of the present invention the perneate exhaust conduits
are separated by a first portion of the throne stack assenbly di sposed

Wi t hi n t hetimenherain refredab eméptrmeaie”gec dihd ppontadtad. dh onbhendediomoht,gbeti on of
t he nenbrane, st ack assenbly for a multilayer nby ane ass l.y di sposed
r ound ¢ naREIRL P SEREN olRES iRe e SN BERLES Saflp 5] i Pbeed

W t hi n andp@b@HRAIFIHBn&@ Nihapdd ece eh et Rkerfitte hedibRlimbite theednearsdrer | ayer
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exhaust coﬂcgég Og‘ sSh‘Iépne? tggeésfnnagf) ﬁlg 5%&%9 Se' egﬂ élgenéc;gél?]rflf%%r% efe‘?%&ﬁ%(fm%rbsﬁa E‘?’?. An
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menbr ane dssemithy conkfenigont of thesmembdinpmtddkoassahbly radntbertlispoeing todicke
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| east one feed carrier layer, at |least two perneate carrier layers, and at

| east two stregibreaans seewraresofidhs fos eddsarfchathembeanststagk aswmle heremindivgnpr i si ng

at | east two perneate exhaust conduits and not conprising a concentrate
exhaust conduit. 7



[0029] In one enbodinent,multilayer nenbrane assenbly may be prepared by

di sposing a first portion of a nenbrane stack assenbly within a central
core elenent and then rotating the central core clenment, thereby winding a
second portion of the menbrane stack assenbly around the central core
element. As is disclosed in detail herein, the configuration of the

menbr ane stack assenbly and the di sposing of the nenbrane stack assenbly
wi t hi n t ha seematpahssembly elnaremg ameulglapér miatbrane cssamltrigidigpoedd aeendrenbr ane
stack assgnbl round the.central re elenent, to provide a und structure
and secur TRGEBrACRIE FrBETdn g, ARosHITEHE s ZeRil a0RseRyr BF £ wi ndi ng,
a separ at RIatRaS8Hh AN SdNEeris, Béhwden! BY SleniBRAkY ah&k A8&APR!anddhsposed
around the central core elenent is obtained. Those skilled in the art wll
appr eci at @ultieyeg | mgabraap aassenklyi pndi hat dhe anembiebo ditsrknassembét wedhe t he
menbrane stack a nbl nd th | til menbr ane S hat the
renbr ane. SEATCASE IR M RE e B PHh LSRRy TR kI RRRAER Hesddnt

assenbl y. mkinbifhe Goitk eRic@itly ho “uegaid tdnd themlangershatkrans eseibly as
"unwound. " and the nul tilayer nembrane assenbly as "wound". |f should be
enphasi zedVOHEmevErshotldale s@phsicdedomersi Hah 2 \efised heiet and@ubBdashbl y i s
not |1 m t &bk SscridiRhof B@lo ARE-QuliPlBTRARNENE HE R ABRRED! | oS

di sposed W Ethin a centtal core el ement as other means of i sposing the
second posthdkomssahblidselisperdat aitbinsd aokrah sserdityeraras wiickr toheane efitdisabsiogr e

el enent becaone avail able. jn various enbodi ments, the separator
assenbl y”ﬁl%&s? PB§oR P.ﬁt rBYBHANS SoehAFSeR yo?ﬁew@&ge enfra f@?&@f@?e%nmane

assenbly GATBEdcthd 1 aAaBI8C I daR st drfb dthe iR 8h O SegaPA 6 és%’iﬂﬁ?%@via&ﬁﬁ%
assenblies rtadially disposed around a central core el ement 'such that the
conponent thaeproseah énvenfion scavfprisae armiuliilagety erentheantsr assembbs enbipyisiageafree of

fold . ' nbodi h . I i ded
by e pr BB STHOBAL BT E T REEEY P by Tk EOPHELD @ BSRE Btad or 11 ow

path | engédathiceld dlementgflichi antteycsphgunesr nlehdRarehRye@r sfempomnditigeper neat e
carrier layer flow path length in a conventional separator assenbly. The

| engt h of membraneraseerplly caierires of 9k 91 exgassat hIn yadpus spdediasants ke or

af fecting i P r . r r ssenbly.
Thus. - oneBREIGRI Brtadl I BT ah e AR ke B AR AL BT
greater |@itiérudeer flow patts Ringtit whithak sigefidantlo paoadr thgn clondoridsposdinds Wi | |
becone apparent to those of ordinary skill in the art after reading this

di scl osur@FIMEHE GBFTEE SAYCT REORNENGB FIwrRtiY PR HAN sSSP At EB%S in

terns of fl } S . ] all y.
100301 A e e B B R e e
assenbl y megptuds ef &te iremste dyne a¢reedithe acpargpr dsagrebly. NEveyorel of thuimpapl e f or

uoe 25 ey SaR CRLLRE | et e e Lot Bhe shagtal g ap g ¢ hroush

i nvent i onysetil@pé@atl 6aHditids. |/8yRN1 beosenbparehed tBikehriob@hard|s@ pftha feed
solution through the feed carrier |ayer occurs along the axis of the

separ at oratasatenblepding ofhipolisiesuon et presentsireaden ofisa indfeseagrafiennt assenbl y
(the "fee(ﬂzaﬁt'%{rgsacfe"tgnn%%r .eeatseb € nfdeggstcgfr ! 'aenqlfl AYE" of eralt§O ARG o1 ¢ h the
feed sol ution and termna i ng at'“a"Tecond BUrrace of “the Sepdrator assenbly
where a cgsnegflyr ate emerges (the "concentrate surface") fromthe feed
carrier layer. The feed carrier |ayer nay conprise structures which pronote
turbulent flow at the surface or the nmenbrane |ayer in contact with the
feed carri080l Ay aptedsths HEBRNENGFIApF @vEHt mn&e@fﬁléwem@agﬁps BT up
(accret i oy atse PR DRIRIBACAHES BCE: VeI BIRALIENE as lerbe @GR I er
| ayer is corfrgrsiesegaaof a per?or at eg pl astelﬂc ssheet. I'n ar?(s)tlﬂgre eng%%?nent,
t he feed leprringndd Bgrebleisbeat-dhp maetlofhraigherliioh atferd svbttan sheow. [m yet

anot her enbodi nent,. the feed carrier |ayer co i ses 0r.ous co site
mater i al . ROy SECRERHEY o6 ToReREh T RGNS BEG R CPT BT 1Py dr PRSI ast i c
fabric, iducketat a0RtITRITe@IRAGk FRRLough R fo8€ darfidF al & odead@NorgSth@aPk 3t i C
screen, The feed carrier |ayer may be conprised of the sane material as the
per neat e tbasepasator assemblyr framntietsioal a dist fserfegst off the sepdvator assenhbiyofthe he
pernmeate carrier layer. In -various enbodi nents of the present invention

the feed carrier layer is not in contact with an exhaust conduit of the
separ at or assenbly. 8



Loon As noted, the menbrane stack assenbly and the ntiltilayer nmenbrane
assenbly conprise at |least two perneate carrier |layers. Materials suitable
for use as the perneate carrier |layers include flexible sheet-1ike
mat eri al s through which a perneate may flow. In various enbodi nents of the
present invention, the perneate carrier |ayers are configured such that
during operation perneate flows in a spiral path along the perneate carrier
| ayer to offeedfuréiceT)eabtre ttiv fqedrareairdagchaus towanduitlt he fend snlatiembodi nent ,
the perneate carder layer i.s c rised of a perforated,plastic sheet. In
anot her enfSOBIPARM ,att%éeﬁ?é‘pn’gﬁfag? c‘ﬁ CerCPREYEr 2756M B’nﬁ‘f}ﬁe?eﬂ fﬁncﬁntﬁi‘?for ated
netal sheedmerbss ¥R “RABIMGLe SFAed) TR thelfB&l &%mg«}&. GBRE FdelcakrY Byer
conprises a porous composite. In yet another enbodi nment, the perneate
carrier | apey compasepitmstures Whibh promdte tuyedlerirfbivhetrthe syt wé Hie merheraper meat e

carrier layer .is a plasti creen. The pcm eate garrier lay errs of the
cepar at or HeGahgefaBt §Th o, REh e [ BRTRAbERE Py FeRhsdoBie t ne
same or dibfirr@nlacortieh) & e h@hbeXARRRe0NE @RI dBBIdEmeR! fHeefeed ayeler May be
a plastic fabric While the other perneate carrier |ayer 1 s a natural

mat eri al slard ascopsised gbrmi perforpfed ddastic shed: sinngjlothas enthediracrdatheifeed | ayer
may conpri - i I rical i I Mol . rneat e
fl ow path %ﬁ?%&é%e?tli&;&m r ngé){f g pggf?#aﬁtecear&llgt%%{&t' Ilﬁ%%{ne er‘%% ?’ﬁgﬁ‘{le{ﬁ?’ftg‘g
exanpl e, tfeed pareiselayer domfeints ®porpuovirdpssita nse@él aloyetasshoidybaiimprit, Si ng a
purrricatu uarrjer |ayer a portiaon of ich is a polyethylen abrjc and
anot her poPFileil GFTIGHAEH 17 & V5 Ry fgﬁﬁé_ﬁfla A .‘_"f%@‘ﬁ% ﬂ)ssf%ﬁ%f@alﬁri n
various eniQ?é}' ﬁ?&‘?ﬁasti& hersgpatid %edaézﬁﬁgibldg‘éﬁ nyONd Q@%}gﬁ!ecf BE 1Ry eseOt -

i nvention conprise at |east two nenbrane |ayers.” N | enbranes and materials
sui t abl e fibatetisleasathe menbeanealrry drysr ar @ meletialkdidiareni fronhéhaamsgd for She Pat ent

No. 4,277,144, f | e, . discl .seni b nb d
from t he MEREENSHGIT S olfal PO BCTTARIREN DA HIG PROrYaly P MRSt ch has
been foundeat@erigyc@fif @ftih ¥enthdt WiBVE! S@a@sd TBSduSt MRS Spbratliraehely. at rejecting

sodi um magnesi um and cal ci um cations, and chlorine, sulfate and carbonate
anions. U S. Patent No. 4,277,344, for exanple, discloses a nenbrane

prepared fl08MkAHe nasedst thenmsmbsgnea pigpiat asserply yard, |the applgéaygs trerabrane
billnttio i api f i ari.a ' been
Founa. user a9 ERhirEisE i R iRl BubiSt MBS SARBHAL sapThARs08S, 00
osnosi s sytht gresmelite agitd Byes ejpelatie Mpxiee tshea-1kal materislcthr@aghnihicates. A

host of technical references descrjbing the preparation of yarious

menbr anes REAHCHETRPT APY- JDiVRHAPLCTBRIITERIS L thh BreteHPUHEONal e PR i ous
enbodi ment i ti finQrei skil'l
T the ot o o B R o b e b T L ayer
i n vari ousalenbihdipeentae odrrichbypr @s@mrtofi atV@st ivenpameatnesixhadsh cowiluetnd Imi del y
avail abl e articles of comerce. 100331 i.n one.e di rent, at | east one of
the. nenbr 4R PR HE PPORETCFUpl Bria 1 DEd Dt fateoki He s heet
unfunct i onaldng@dr SMbb@ERRNL, tRe PAteaRERA T Afer id Bfinprikad lf anRHoARN Sbfaf ace of
the nmenbrane | ayer represents an active surface of the nenbrane and the
unf unct i orsdieétyeth geir frntler gimbddememiniicapernicaigesarrieplageie parspasep s pd1PBS sur f ace
of the membyangie! i 80 ALher 1AL S.STRON B calNG SHNGLE0naL £ rayrf ace of
the menbrandH Sy}ér %%raélg t& 458rve” BUTACe 61t e neibrane "“and- t he
unf unet i onal {eteghosti f @slodahedtithehdrpahnane chaerlayce pik es @istc abreeACt THE

surface of the nenbrane. In _various enbodi nents of the present invention,
the acti vePesmieatacarrist layees pe s whgaloaypsiendy pygyided by thenpregmt dutentign h t he

feed carr IIﬁ{lX ba¥edde h%ies%}ﬁt%ﬁ%t cﬁggxffﬁis’gf&tter&ﬁs 6 8L 1%‘%‘)8% %@%{?}é&é %&rg’l'ér of one

or nore sol utes presen ut1on acros rane to the
per neat e daydri ey |IteyerplastitO@Bdd vAdleugredother permdate cphieadsyel nota hawmebnt act ™
means not in "direct cont CI;F]' . For exanpl e, ,tw& | ayers of t h«? menbr ane
stack assenPFyal geht fe tiebag er Inaddhane segknBsinealsy RSt 11T dBRY act
when ther &g, AP difibRhY $ldishié aY &fi rO@hWERALAE ol S@E;}?%rﬁit@ﬁef% Agt the
two |ayers are 1n flurd comruni cation, since in gener a fluid y pass
from one |thyoeghttbe tphenatthenrrier dayehe linndrer srebodigpehiayfer exahsplestd freseei n t he
phrase "in contact” nmeans in "direct contact". For exanple, adjacent |ayers
in the nenbrane stack assenbly, or the multitayer nmenbrane assenbly, are
said to be "in contact". Simlarly a | &er touching the surface of an
exhaust conduit, as for exanple when a |layer is wound around the exhaust
conduit, is said to be "in contact” wth the exhaust conduit provided that
fluid may pass fromthe layer into the exhaust conduit. As a further
illustration, the perneate carrier layer is said to be in contact with the
per neat e exhaust conduit when the penneate carrier layer is in direct



100351 In one enbodinent, the nmultilayer nmenbrane assenbly is radially

di sposed around the central core elenent. As used herein the phrase
"radially disposed” neans that a second portion of the nenbrane stack
assenbly conprising at |east one feed carrier layer, at |east two nmenbrane
| ayers, and at | east two perneate carrier layers is wound around a central
core elenent conprising at |east two perneate exhaust conduits in a manner
that |im inyenthe woedts opepafatdradssisnidy compesieg aiparthépte pambr lape a sortibm

general, E) Wh E 1esa;[1 %rol};[eﬁlylenet feaBIth ta%d\,\zllqllot rg:r apo%oqlbg %1(I>h ] pollygro(;jglfeor med by

fabric.

[0032] As noted, in various embodiments, the separator assemblies provided by the
present invention comprise at least two membrane layers. Membranes and materials
suitable for use as membrane layers are well-known in the art. U.S. Patent No.
4,277,344, for example, discloses a semipermeable membrane prepared from the
reaction of an aromatic polyamine with a polyacyl halide which has been found to be
effective in reverse osmosis systems directed at rejecting sodium, magnesium and
calcium cations, and chlorine, sulfate and carbonate anions. U.S. Patent No.
4,277,344, for example, discloses a membrane prepared from the reaction of an
aromatic polyacyl halide with a bifunctional aromatic amine to afford a polymeric
material which has been found useful in the preparation of membrane layers effective
in reverse osmosis systems directed at rejecting certain salts, such as nitrates. A host
of technical references describing the preparation of various membranes and materials
suitable for use as the membrane layer in various embodiments of the present
invention are known to those of ordinary skill in the art. In addition, membranes
suitable for use as the membrane layer in various embodiments of the present

invention are well known and widely available articles of commerce.

[0033] In one embodiment, at least one of the membrane layers comprises a
functionalized surface and an unfunctionalized surface. In one embodiment, the
functionalized surface of the membrane layer represents an active surface of the
membrane and the unfunctionalized surface of the membrane layer represents a
passive surface of the membrane. In an alternate embodiment, the functionalized
surface of the membrane layer represents a passive surface of the membrane and the
unfunctionalized surface of the membrane layer represents an active surface of the
membrane. In various embodiments of the present invention, the active surface of the
membrane layer is typically in contact with the feed carrier layer and serves to prevent
or retard the transmission of one or more solutes present in the feed solution across

the membrane to the permeate carrier layer.
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folding or creasing, the greater the likelihood of damage to the active
surface of the nenbrane, |oss of nenbrane function, and nenbrane integrity.
Conventi onal separator assenblies typically conprise a highly fol ded

mul til ayer menbrane assenbly conprising nultiple folds in the nenbrane

| ayer. Assum ng the unfolded nenbrane |ayer represents a 180 degree
straight angle, a highly folded nenbrane | ayer can be descri bed as having a
fol d char a@Da4] Zedseddyerainnied plaxseahglt én odntgteateerns tdian “dbeticoRda” dégr ees, I n
one enbodi nent, the separator assenbl rovi ded by the present invention
cont ai ns. rigaHEHbARCAY Gy F o riEEe SedkerissBhlng! M5 BRTEE S I GReat or

than 340 degLees. akhofth 8ddi&s Wales tﬁé@?@éﬂ%rveﬂi%ﬂ%a%@f’@ét%a{ t}ﬁfﬁlzi&‘éggité/

provided by the present invention contains no nenbrane |ayer _
char act er i thedadstha thefwelayarsgire indlaidecommanic30d, dage eegendral ayBuidamayt her

enbodi nent, the separator assenbly provided by the,present inyention
contai e HRISHERET el g2, SgL EHar Svarroety  ASERT Brelatf heiar or
than 2.70 4gapes: nldedn iiRbEconeodi M@ RkamplReadeRal RY 6% indrendthdrap ovi ded
by the present invention may be used as a salt separator assenbly for

separ at i nestac ass¢mblyy watle multHeyer geembiene epssmbhnyarg saidftgrbeeXamendct’seawat er
or brackis r. | . h I I ithin a
cylindrica V{%l%l ianlégy&mﬁqogﬁlllﬁ%ﬁﬁ gi%lﬁglgf %%g%%ﬁfgé@hgé%%g%%ﬁgﬁm% &sol ution
and the feagerdafougd atoaye thooehpugtcondddt, énshidfo bheinsepaceitith assthdlsy. Thi s
is typically acconplished by securing the ia(ra%ar ator assenbly within the

y

cyl i ndri caforABhSrRgdss that fuigmay aag Bogribe fyehiie agkers, capfiiéh Arevent
contact ofnider HIRRHLGA Ubl Ofithil Siilarss: of shider, BERA’ il ARRLTAL Y O her

than the fee ace. iTlTustrate th concept the separator assenbly
can be t hougintatefexbmisacayitivden thapimgaw dainigtlayenis iackreancbnéacs gttbribe sur f ace

each having a surface area.of i.tr-, erein "r" is the radius.of th

oyl 1 nder GBTRGA BYhEoEBla s o eB et iR AL (PR A ng a
surface argauff thé pErRBaBRERIsNcorduitiwith RS ihteRGAIRg WhyckBetGX¥b BtSurfaddre
separator assenbly can by various neans be nade go fit snugly into a

cyl i ndri cadf thepsimepts exinusthenndait fasd dhe penmedagmcamerelayerg tinalagly] thedeedal

housi ng from.one end _encounters only.th irst surface (the ."feed surface")
o 't heserarigary S o sl BERG! @Bt b pEtm UL EES e it SR
surfaces obr thenSIePAE pBhicads TR My it O direadaiabOwith tigigdimicie exBRRE at or

assenbly. Thus, the feed solution enters the separator assenbly at points
on the firendsiypndéhe pArmenle ceujsalancois sepawiasl omuibe Ecdirarfeadeyce &y ther | ayer

. o FoTaehetbd T A SATEI AT b A58 B 08 ek
sol uti on fpepimedthexhdust sindsigr f ace of separator assenbly by the perneate
caniier layer. Thus, the feed solution enters the separator assenbly at the
“feed sur f[%ﬁfsn] f(i)nresém cgJJiI]cnggt?)‘[heoInuﬁtﬂgyesre gl{l rtagé assembly is radially disposed

around the central core element. As used herein the phrase “radially disposed” means

that a second portion of the membrane stack assembly comprising at least one feed

carrier layer, at least two membrane layers, and at least two permeate carrier layers is

wound around a central core element comprising at least two permeate exhaust

conduits in a manner that limits the creation of folds or creases in the membrane

layers. In general, the greater the extent to which a membrane layer is deformed by

folding or creasing, the greater the likelihood of damage to the active surface of the

membrane, loss of membrane function, and membrane integrity. Conventional

separator assemblies typically comprise a highly folded multilayer membrane

assembly comprising multiple folds in the membrane layer. Assuming the unfolded

11



assenbly and travels along the Iength (axis) of the separator assenbly
during which passage, the feed solution is nodified by its contact with the
menbrane | ayer through which a portion of the feed solution ("perneate" or
"the perneate”) passes and contacts the perneate carrier |layer. The feed
solution is said to flow axially through the separator assenbly until it
energes as "concentrate" (also referred to at tinmes as brine) at the second
surf ace ofmettbearselpparatcpresags entfilydegsanetdigesangksf arliighlyt ©ldedreembaset he

"concentrate surface". The flow of feed sol utjion throu t he separ at or
assenbly PeShiiescrisfids oy BEaripli el P 8aeRPotlble SgeReEar m
" cross- howbouaobgois8d Inbes ehangaalt Yinki &ﬁar?t}&? ag;?e'i*rmlgl b@led b9Whe When

referring to the flow of feed solution. One of ordinary skill inh the art
wi | | appr pebett entention gentains gwdmsmbrane dayer flolds shanapeszaebwatreflex angloel s from

an initial i of, ,cont act between the feed solution with the feed carrier
"ayer on BRer bt 3P &eSe. 1T & QUi eTouF et B8 SAPUTGE SETETI y

t owar d thpro@medmtth@?ﬁséuﬁﬁ%aoﬁ c6RERB o SThiReRe Jayer fol® GaneRpizE@byon of
salt present _in the fluid in the feed carrier layer is increased through
the acti of reflex pgle graater dhac 89t gegrseor Ehaet] anpéier iembodipenést thijiseparatee f eed
sol ution i gh,t L n t ntrate
Feachi ng TRETEnBEMEOty (e EGR, RdEh odbEhs o8 Belitiine, IfeE RS

concent r athavactaized ay ta refhanarighegesantbe70degeas t he feed solution. [0037]
The roles and function of the perneate exhaust conduits and perneate

carrier | may be il.lustrated using t salt ator assenhly exanpl e
above. Thﬁgﬁ%ﬁ{‘ @%eené FWEH’F,“P?{@‘_OE@%S?’EFY 19 %éﬁgﬁ@e HWI}Sén‘G?BBX as a
sal t sepapay ok @8s e itf QparsRP AR f&aéﬁ:balgaﬁﬁénsﬂﬁtﬁ%ﬁn whhe feRdese! ution,

for exanple seawater, is contacted with the feed surface (first surface) of
a cyl i ndriduionseprrbet &r exenwibhispavwdert ai headkigh tter. al yniedlyuthe zgbdretohousi ng.

The separator,assenbly is configured such that th erneate.carrier |ayer
cannot t r SECRPY Pl t%lB‘f‘th‘Ylgﬂn A ST lgabﬂf B%'%fl%?%l‘é@eg?lgn H]_éti“}c]re%\ornéac&xhaust
condui t. hawthetheaeel salitidd o PRISEBcAriEOMgE dg af 6@HekBHT iRIschaN@OF |t

contacts the salt-rejecting nenbrane | ayer which nodifies and transmts a

fluid conpeemblyg Brelsowpicalle aeeompdisest bY sfcuring theotepartr pssasrbly ovithie

t g e . . ot oo act
ey ane FEURLIPNSGinIL DLV e BRET A0 PLot SyRRLAES) SEHTS,
pel meat e cfatiei fedlsaligionuwith | surfacesealt tes sdphatorpassémbly othet fiemnpentead e

carrier layer in.contact with the exterior of t per neat e exhaust conduit,
wher e theS‘%éé?-rTg%ﬁ gp“}sgat@rfyﬁs?ﬁl‘t"ta@dt%? rSRTEIRE {81 Ogrthpeght| dyasra i nto t he

interior : i ner t he per
neat e car i b EaTERPaRHBUTd o SARH dualc S Brr MR IEARE I BHRE, |t o
t ends to WwhikwWraisshe raliuspdtthe cdindsed:fingd bhehqpepaealraseatbly, end hayied t owar d
the permeate exhaust conduit. One of ordinary skill in the art wll

appr eci at BaRanaYEe 3 speece ge of PHR, Whaseipodi 19 @4 lensdh of hssirindsd BYe t he
salt-rejegtl ! e i-er. ] a .

concent 1 atP Sat Ry ah ML AnbdlS ROEHBGHE S 3phT nle Y Eylipl) e

sol uti on ltusinpo duble tsald feed] @ditiongemeting theotylindeicaehdrsapefibay efic edd038-1 I n

one enbodi nent, the separator assenply praqvided by the present invention
conpri sesSCRI B rRA LR é?ﬁé%%cec@ﬁddjf??ds surf a}fea)n(’fai?‘?egﬁ%ﬁ@r ersawinamt | t he

separ at or 43 SRRl A d&DnBYort ﬁl%dpglﬁ&%ggb oF R¥E @tgl'sa%op QERE L3 SwitHduee or

nore perneate exhaust conduits. In one enbodi nent, the separator assenbly

conpr i sespdssiogntiimangh theeiegimatopesseedlye ékhatlst feednduiivs enfers thnctpeator

enbodi nent, the separato ssenhl rises from?2 to 6 pe at e. exhaust
condui tS_aSF?{n'g)gﬁg‘ﬁB{S}?&tL%ﬁﬁi&ﬁ%@??ﬁ%&r@ 5P§F6¥b%ya‘§'g‘érﬁﬁﬁ‘§/£eg§ ff5es from
three to s REEOMaAdtQvigxhRUSEd SQREHH, tife edBO3Dihe Ne@BRNE FREHISRALIy t he
separator assenbiy provided by the present invention conprises a single

feed car riceng p to praven canteet st warsnbesdimehthe fepd selapen atoor thesBwshbl y

provi ded t_invention conprises.a plurality of.fee arrier

| ayers. i%%%ggg{?g%?%eaﬁ?%]m he yntﬁﬁ‘ggrrr}}‘)eoaltte FEey. BX%rr ﬁ.}él}s fhgfg?cgsqgg?rh a range
of from angerb ayekedaeatsi Assk@PBT 5t thefagtioblieiccemhedisigide) dfhBe Rupdabr of feed
carrier layers is in arame of fromtw layers to five layers. In still

anot her enbodi nent, the nunber of feed carrier layers is in a range of from
three layers to four |ayers, 12



[OM In one enbodi nent, the separator assenbly conprises at |east two
pernmeate carrier layers. In one enbodi nent, the natnber of perneate carrier
layers is in a range of fromtwo layers to six layers. In another

enbodi ment, the nunber of pernmeate carrier layers is in a range of from2

| ayers to five layers. In still another enbodi nent, the nunber of perneate
carrier layers is in a range of fromthree layers to four layers. [0041] In
one enbodi asamblyt el sepdr dbog t}&slsegrhl(yxlp)r oihe eepddytot hsepbBS@ing Whieht i on
conpri ses at Ieash§ tfe%:’}? rrbr ane da%{ in one enbodi ment, the nunber of
nmenbr ane | BYEHE | splytigiyis mgdi ?‘BPH theontagfayith the ngnsbrang layer thjowehnot her
enbodi nent e f r A B Syl » | ayers
to five | ayg%:g a:}}r??fgtﬁ{l Ft%%%gﬁegﬁer%rpéﬁ;ﬁeﬁﬁ%aﬁet Elé Flung%rﬁleg{ jnég%l?%\r%@dl ayers
is in a rangegaad the permezitc earicalges The fe@drsoluayenssald tD fioe aaidblydhroeph, t he
nunber of nbr ane |la is.directl rt| ona he acti ve surface
area requi cfeP?fattS’é af)% B’&tﬂb‘f/elﬁlﬁﬁgegég GRirals sk er{‘%dﬂ’é‘ U@ ring to
Fig. 1, therifd)avie se&ﬁfd%efa&esoﬁth@s@ﬁm&%g&ﬁbwfsoﬁfe@hn{s@tra@fie@fo HERkhRY a
conventional separator assembly. A'conventional nenbrane stack assembly 120
conpri ses tefepersdtraterspriaee?. | Heellovt pf fedderoitivnghfomgll theasephrator| aaseabl 16 i s

sandw ched. b the W0 fo nenbrang | ayer ,112. . The

f ol ded nenﬁragtrtllgl erem ef%rrecp%oa 5 poossééfogvuc ﬁn(i ﬁ’fd[e% el 5% %&é’ bfn‘%ff’dshown
in figure) mwrcﬁdngeafw}v deich nesrhEaneakiay elow”s when GeRi@ed tthd fldve dJrepddcarrier
| ayer 116. An active side of the nenbrane layer 112 is at tinmes herein

referred t¥lyiom ¢ Qee g ordipanygkilhiethegrt wHbaprspgrtaibatl aayrefced TRktipo| iged
menbr ane | @%ﬁ{ g’c?av&a%ere X@élé) B%g]f Ry 118&%1%?1&’[ fC&H Betlzv%g b Ije%(? jsélﬁﬁg'n;[ 2at

the passive SI (not %5 omn In frgure rane a er
contact wi Withtthe fped weatee leyerrdreithd dyedr surfabe. (“Arspaaﬁfaceé) $;|f dée atpdrher
menbrane | a 112 is times herein referred to _as "the passive surface

of the me %{H@ylt%&’%ﬁd ﬁermceairm sudpeeddirsend, giréasaNDartbe %%Fnt%@%rﬂf splg used
to isol at epthe: fie@d R [d @6 fé@&?ﬂéﬂ%&%ﬁ@ﬁlc&%éﬁqﬁf& A3hd 4 &lon! ogn%r safind

prevent di rect contact between a fee ol ution (not "shown) and the perneate
carrier | aggcting\npimhrand layeroin cpmtdst s the dekl sdeembpassiag meugmﬁreefend each of

the perncate.lay crs 11 s,connecte co n perneate carri | ayer
111 i n cont®Hd¥ Hth ?I’gﬁ-i gﬁ’ér%a“t opcey %§?aC§B’ﬁdﬂ{m ‘%ﬁnﬁr%tevﬁﬁlﬁﬁaeéy uh%l t he
permeat e exaAgiésdriz6@MYUA highdB coh@htr@XHTBF 8alPYhanothatdeWatbN Bsddeid BRL RegXhaust
conduit 118 in direction 122, and the resultant wound structure is

appropri at¥lyfiogeal ed to provi de a conventional separator assenbly. The
per neat e exhaust conduit conprises openings 113 to permt fluid

cormuni cat %&]@ﬁé’%‘?& AnldCrRG Rt ﬁ%& p%%ﬁéx%ﬁ%%h&w&%ﬂﬁ%hn%g %\fﬂ‘ért he

comon per ate carrier | ayer rane stac asse

wound ar oulager Irrmya&rlﬂaamecbxmglﬂte satindpdrhtol 2&embheexagiflexb@rgl €hokefin ned by

t he fol ded ne ne layer 112 ap gches 360 degrees.
one em 1ment e separator assem ly may be used as a salt separator assembly for
separating salt from water. The feed solution, for example seawater, is contacted with
the feed surface (first surface) of a cylindrical separator assembly contained within a
pressurizable housing. The separator assembly is configured such that the permeate
carrier layer cannot transmit feed solution from the feed surface to a permeate exhaust
conduit. As the feed solution passes through the feed carrier layer it contacts the salt-
rejecting membrane layer which modifies and transmits a fluid comprising one or
more components of the feed solution to the permeate carrier layer. This fluid
transmitted by the salt-rejecting membrane layer, called permeate (or “the permeate”™),

passes along the permeate carrier layer until it reaches that portion of the permeate

carrier layer in contact with the exterior of the permeate exhaust conduit, where the
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[ 00431 Referring to Fig. 2, figure 2a represents cross-section view at

m dpoi nt 200 of a first portion 231 of a nenbrane stack assenbly 120

di sposed within a central core el enent conprising two perneate exhaust
conduits 118, and a second portion 232 of the nmenbrane stack assenbly 120
di sposed outside of the central core elenment in accordance with an

enbodi nent of the present invention. The first portion of nmenbrane stack
assenbl y pepastat BStrilyenipet iwat ehepoansite contkoilbgerlind® thd ittheorcefitthal core

el enent. The nenbrane stack senply 120 conprises two perneat e earner
| ayers 11REMH6 SHBREY SRRy B8 Thpdmisg Toygﬁdﬁ%p?%tec%m?r YPayer 116,
Rotati on Qe tdi6o G nééﬁﬁl I6R Singk BIBMEQBRIIS B IBS IBAE paXRRHRL] Gendul t's

118 in direction 222 affords the partially wound structure 240 shown in
figure 2bthMpacestadeacer laydariowardghdpetinveistexbiiust hendwite St ofi ardigntyi sl

Partial ly. und structure 240 is obtained by rot.atin he central, core

Erenoat | o BERE SULARkHGRe Hhh st RE ShPEoao¥ e 25 L6-GER B8 S hs on
in direct éa*l’tftej%gﬁngofﬁléﬁi_breﬁﬁflﬁ)ie@ tb tRep SR8 daRRF 1dyer t3dnkefatioh®fBBODr ane
stack assenbly 120 which is wound around the central core el ement becones

t he nul tiindhepermsatisrianeduaed ealisivg tofthe feed sdnporededitosibp splataectiagsenon y. A
separ at or %Qh¥ FIG 3) is obtained by conpletely wi nding the
second pd?ﬁﬁ%ﬁ]o %%ggﬁ%hbrane stack assenbly around the central core

el ement and. seem ng the ends of the menbrane stack assenbly. 100441

Ref er ri ng[0088]hiex drieguitediragitethe ntgarator aBsiwbEeabyidad by ele pdesant dpentivn of a
separator assenbly 300 in accordance wi.th ap enbodinent of the present

i nvent i onCONgApaF M%Perg&@n%%u%@en@ﬁﬁprlp g &ligrmale FER ARG g SEREHET _
COMPI I S1 NGLsL Bl RESVIBAL 6y XALSH: iR QAN LombAts (RRCD: RRITEaREa@MANSE Condui
118 defining an’interior channel 119. Separator assenbly 300 conprises a
menbr ane @induits. ads enbembodidepEithe s@araonpesemblygcnmeisee énc &we itecighbyer 116,
two perneate carrjer |layers 110, .and memr ane | ayers 2, the nmenbrane
| ayer s 1TBTBERRG S EUE o VRRHE HebYEEEn die ar e S DB E o e
perneat e a2 & d piteictteld@austh@nBgikdrgat Rt axbdbs bmeodieent, Shd k8phtof he
central core elenent are separated by a first portion 231 (Fig. 2a) of the
menbr ane &teBily seB@nbisyTon thyee riguppirmicats exb@st ¢@idgits.: 2a) of the menbrane
stack assenbly forns a nultilayer nenbrane assenbly di sposed around the
central c i : rrier layer is
not in Co@?%?ﬁ5§?§ﬁﬁgP§ﬁ%?ﬁé?§?ﬁ§@$@#§§%@%YEﬁﬁgﬁﬁpgéﬁﬁﬁﬁ? sl%%ﬁ%%% per meat e
carrier |aygrses dkiagerfdsl afrrieraipraneasilatkatassibodiinent, 20> peragecured wi t h

seal ing portion 316. Sealing portion 316 is a transverse ]J]ine of seal ant
(typi cal | 3SamRlyPEBIecdLEs PiTFRHNEL4APE SPRBT G NBLY e Clcarrier |ayer

to the t V‘Elgﬁrgj ACSM enBIRR &R NE ?ﬁﬁlﬁi)ér dilied S LY ADRVRLSEnde IS dtBRAL NG the
| engt h of e separator assenbly 300. T%e “third surface™ of the separator
16 layer to six layers. In another embodiment, the number of feed carrier layers is in a

range of from two layers to five layers. In still another embodiment, the number of

feed carrier layers is in a range of from three layers to four layers.

[0040] In one embodiment, the separator assembly comprises at least two permeate
carrier layers. In one embodiment, the number of permeate carrier layers is in a range
of from two layers to six layers. In another embodiment, the number of permeate
carrier layers is in a range of from 2 layers to five layers. In still another embodiment,

the number of permeate carrier layers is in a range of from three layers to four layers.

[0041] In one embodiment, the separator assembly provided by the present invention
comprises at least two membrane layers. In one embodiment, the number of

membrane layers is in a range of from two layers to six layers. In another
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assenbly 300 illustrated in Fig, 3 is wapped in tape 340. Also featured in
the separator assenbly 300 illustrated in Fig. 3 are adhesive |ines 325

whi ch secure the innernost ends of the perneate carrier layers 110 to the
per neat e exhaust conduits 118. Transm ssion of feed solution fromthe feed
surface (See Fig. 4) of the separator assenbly 300 by either the perneate
carrier layer or the nenbrane |ayer may be prevented by the presence of a
seal ant apphbeiimasathetruenbet gémeinbtdne layendis &ne rdngy ef framdtwodnyeatoefiwar ri er

| ayer. Typjcally the sealant is app]Jied to the passive surface of the

menbr ane” | 4Y€F- ﬁ&szﬁwﬂo " GRCACEH.AES B OTOR ™ T lavEnts et carrier
| ayer . thepsaahaplapRNBERIERANG SR Anbokiffd8e ntho AIIRA R faRILET | ayer.
The seal ant does not typically penetrate through the active surfaace of the
menbr ane liayeecthnproptitionalde shevstive surace area regunteddd bwiptdvidhdtyethet he acti ve
surface (not spom}%ﬁ&i the nenbrane | ayer 112 or the feed carrier |ayer
116. A vari°Bi'%F Y've seal ants, such as glues and/or doubl e-sided tapes

may be used t ecure the _ends of_ the nmultilayer nmenbrane assenpl 0 one
anot her ( sﬁgﬂﬁné‘%wwaﬂ%&es,,th@ HgU[FetREEEYS ?QI%IPOT’F%S?é’rfsanfidﬁ?r{R‘é&/ ﬁﬁr meat e
exhaust copgiuht S, ({JRBRYSREP esegﬁﬁio? n&ss&%@fz’ 328) confloftdICn@fBeme Oftalih

e
menbrane | ayers and perneate carrier | s to one another at the feed
surf ace amaserhidy cl@fcemprate asulded oeerobranhéaysepé? atlereimssfeabeyrieSéyefi g. 5,

Met hod St 05, ed | ant el t, 526. ). f eat i j 3
%528, phtB e Rl BAMEL ARLEE BiverSr e JalER gt Rl Bt e Ot °'
out er nost  foRKEM@hbaRe 1YY 117 BYBIpoIRIRIANRtAR SR ¥Mde A shekMBeHtBe

portions of the perneate exhaust conduits and the nultilayer menbrane
assenbl y. aftthe fdedbmpmbrrsedayer iain qoméacy#ipid the fagd cpmica dpyien | 9. gAnchiye not

present at_. L.0_vani i- . t.QL, as | i~es. RFovi ded
by the pr esé(généftbﬁwgﬁ{qr%n%ﬁagéﬁq? éﬁﬁ}eresﬁe&%g? %fggg(?@gdso?heg%c%gggg? Céhgfm in
Fi g, $ hashbambexadgpsraledicldsd héebiade Pese s 1k chidlSpedit8CaesBeNd carfiBy gaps
328 present in_a separator assenbly ma%‘ be elimnated by filling the gap
with gap s@¥iraht0 336 thetdhe pasaivanids @obshone) indgueu cabicensBhiagniayer btthesi ve
sealants, @l bl Wi kDA BYEEE 1B 9167 O phuivkNEd bOUE Smdfbspr esent
side-on view of a spira Tow reverse OsMSI's aBpar atus 400 in accordance
wi t h an enbpoili®nd atafmdsHergn esfemtd foraseitid passivd hefap? ofdhe ilembraevieyse

osnosi s apparatus 40Q, conpri ses a separator assenbl 00. secured. by a
Gaskot - 408 S 2 AREOE e DRE (B EREh e B DeaSl Ao FEE Bt nt s

passage offdRaHe pOinlakOBarkiBF QiGN aﬁ&‘?r@@ﬁ@&i@édﬂ%ﬂ&a&@ bW BB @NeeLbdlBiord han the
interior of the Separator assénbly 300. The pressurizabl e housi ng 405

conpri ses (aotishowhgert thalpetmet@cardaf lager edpluality olindmbsank stk sssemblion t o t he

feed surf 420 of the arat or asse .300. Numbered el enents 422

Fepr esent Re AP Rt tBr ofe Ao s TREEUT KIS BROERaY “erRyE PR

t hrough sepaicti@ferads aittbitadORitd Whd PARRR Khb@ coddiBt PILESWHIZRRbEncOUSI NG
405 conprises a perneate exhaust outlet 438 coupled via coupling nmenber 436
to the perthe@cenesih gibaust saadnit $18,18r gixagwh balroksng the dwaneate gphayst

separ at or . 3 D nect | I alel] i i of

per neat e fcl%gévﬁgm%/hng 1266‘8@5%?%”@83%%%3%{%%% u%%o ch’%rg\?\ﬁgbg%&aé%g%ar é(n)am t he
separ at or taspentley aatonvemi®int rsaparawour 4s3@rbl425 The bhenddia eghdwdn condliicat ed by
direction arrows 426 and exits the pressurizabl e housi ng 405 via

concent r ateMPRRe AenBIge |1é8 topamit Held Cormantisasion bevan My PHmante sxbaush 429

during op I ' i vesvi fi1a r
ol ot 440 e e o 12 AR e
i Il ustr at ethckrasdentplied acentural arqurdethe pemenate edd@usit sowdnipl 1i8sdat roflext augldal f
cylinder shaped. t ybes 442 and 444 serying as t er mreat e exhaust conduits
e "ae omenBrow e ok Bt S TR g B0 BRETr mear 6 exhaust
conduits are closed and at the opposite end the perneate exhaust conduits
are open. [0 RFKinkes Fig) ot ﬁ%}:@% réfrbdenBRPEQGEAIM B tat i opeIBat e
exhaust conduits 442 and 444 have sli ghtl)l/ different structures and are

t her ef or e agfirgepprips 2k e membbmestackesehdlp i p dswesadfwithin g cdiisd wori on.
Thus, perneate_ exh ondui t 442.conprise spacer. el ement t the
open end %?er}&eenr‘ﬁ? PR 1%% gw% grrrrﬁeer%ee 1’15 \Aﬁ%ruégslail%’eér%ﬁeaaﬁe%one I?%g@%f{ 5@% f(azlluit 444
conprises a spacer elenment 447 at the closed end (445) of central core

el ement 440. Spacer elements 446 and 4W/ define a cavity 450 which
accomodates the first portion 231 of the nmenbrane stack assenbly 120 as
shown in Hu. 2A. Each of perneate exhaust conduits 442 and 444 conpri ses
openi ngs 113 through which perneate nay pass fromthe surface of the

per neat e exhaust conduit in contact with the pernmeate carrier |ayer into
the interior 119 of the perneate exhaust conduit. Because the perneate



enbodi ment of the present invention for meking the separator assenbly 300
showmn in Fig. 3. In a first method step 501 a first internedi ate assenbly
is formed by providing a perneate exhaust conduit 118 and applying a bead
of glue (not shown) along a line 325 runnine- a length of the perneate
exhaust conduit and thereafter placing the peineate carrier layer 110 in
contact with the uncured glue along line 325 and curinp, to provide the
first intéemonate daskenbdyblgiaddispbietvodidt @phdOtiabcarepkateatint 0 provi de a
second first jntertnedi ate ,asseng y identical to tht shown i.n step 501.
The por ti BFOBRNEHYIRER FRRPEMERhatSE PESHRIUPYCNfigRe f Pel!S BOKON04 | ength of t he

per meat & gXRARSE steR qw:el@x{i)l)p%'bﬁl%ﬁe@(?l@ﬁerﬁ]@at% RenMsOLdhdfs § EoMBRE BBALE carrier

| ayer and to that portion of the perneate exhaust conduit adapted for
cont act wearh elehenp dihpeenebraz stackrasbantdy .1 2Asomprisg pap eptmdateorartiéti s exanpl e
and ot her, par of this disclosyre, the.length of.the t.e.exhaust
condui t 1 585 pTedroymypebe Py BRAAZ: 1§ SRt g Stivatophy 14 cRr i e
permeat e @xhamsdl c6RNMthdnt 26RPFSHg ph@ficatORhatd chhduitsting iekhsmahesgarri er
layer. And typically, the perneate exhaust conduit is longer than the

mul ti | ayetfiordsrideaneiady seqvsidptras o @shawo imdgite Zbrnpprordasamation assenbl y
provi ded I i i t.8..exhaust
condui t a%ékﬁ(gég%e?{)or%@%éﬁe%%%{vl\/’itebﬁ&}' hﬂeg}%;é“r)pn‘gélﬁr{e&) Jgglrgirﬁréegfq g;‘\’rgﬁ‘?‘? & orous, for
exanpl e byothiigne pgnddi eted clshicht oP@ebigmblyf dlowaxafighe: 2dtbsmgEAd80 as
elements 113 in Fig. 4. That portion of-the perneate exhaust conduit not

adapt ed f@)ergr%eorﬁfaé’@g ipfiertione 28 e Mhaidastieniths scondpationdy? het hee por ous
) ity . |
except w grf'bfa?@%&tck ggle%l'bg"ﬁgm%ﬂéﬁ Ifs Pabild £5ufNE leﬁﬂﬂ BoR e?éfﬁ?{hrt]as el ement s

714 and 1 eature n certain enbodi nents o e present
i nvent i onbdchates pertulamyef meinbrane mreatbéy ekthavsmhpletddapdratoobssacapt el f or

contact with the perne rrier. layer is not por.ous. [0047],In a second
et hod st sts3 s STLRE AL o Rantaed bySeBis S RUR e A B4 merbr ane
llayer 112,4avh BHtha Md@brh¥Estdk 458G 801§ ARfund MIRWREhtaNGrdcBARAI ¥gd sur face (not
shown) is placed in contact with the first internediate assenbly of nethod

step 501 sguiing thatendhef thaswmbsansstdci@esefridy. shown) of the nmenbrane | ayer
112 is in contact with the perneate carrier |ayer 110. The nenbrane | ayer
112 i s poHildé#oRefdrrsngch Figat, the fipwrebemeshtsd dyss-dutiomatwian nddmtistatt am t h,

per meat e exhaust co u#é 118. [.0048]. 1n a éh'.rd n”efl od stef 503, a third

i nt er medi SSPEAEE 8%H0Y Q0 Paichgance ity anerpediment ofitas PIESERE IIVEREOR- s appl i ed

to the segqpehibrtsSmmyinad %oﬁ?ﬁ?é@’*ﬁ'q\énﬁ&l(b\é‘fb d1BmBRIRRbrisheRwe Qéradieh that the
feed carrier layer is"in contact with the active surface (not shown) of

menbr ane ¢xgbyes’c conduitsrid 8j each pesmaatsixnheusticomduit 118 defining an interior channel
119. Separator assembly 300 comprises a membrane stack assembly 120 (Fig. 2)
comprising one feed carrier layer 116, two permeate carrier layers 110, and two
membrane layers 112, the membrane layers 112 being disposed between the feed
carrier layer 116 and the permeate carrier layers 110. The permeate exhaust conduits
118 of the central core element are separated by a first portion 231 (Fig. 2a) of the
membrane stack assembly. A second portion 232 (Fig. 2a) of the membrane stack
assembly forms a multilayer membrane assembly disposed around the central core
element. Fig. 3 shows clearly that the feed carrier layer is not in contact with either
of the permeate exhaust conduits or the permeate carrier layers. The ends of
membrane stack assembly 120 are secured with sealing portion 316. Sealing portion
316 is a transverse line of sealant (typically a curable glue) which seals the outermost
permeate carrier layer to the two adjacent membrane layers 112, said transverse line

running the length of the separator assembly 300. The “third surface” of the separator
16



100491 In a Criurth nethod. step 504, a fourth intermedi ate assenbly is
formed.. Thus a second nenbrane |ayer 112 is added to the third

i nternedi ate assenbly and placed in contact with feed carrier |ayer 116
such that the active surface (not shown) of the nenbrane layer is in
contact with th.e feed carder laver 116 and the second nenbrane | ayer is
coextensive with the feed carrier layer. [0050] In a fifth nethod step 505,
a fifth i nisemelgiz@oellassedihFig. S it oramdll ivtabe 340. Afdoefearetidah eheassenbl y as
depicted in nethod st 0l is joined to the fourth internedi ate assenbly
depi ct ed iWPﬁ@f%&a*e&big3§%&1usfrﬂ€8fq en Arsrashesivg dass 333 SaHe) sFedsiheted in
met hod st epnoinl ek RrfRABLARR: BYBCH 1935 AEHomd A0 ARRBI ol one feed
carrier |layer disposed between two nenbrane [ayers 112, and two perneate
carrier | ayet dranstldseonfaofffeddl somtemnfeath dicefeat sefiaok ySeHopm )iof theetehardtost ep 505

shows a first portion o nbrane, st ack .assemhly 120 di sposed within a
central co?séergﬁlgr?@h%yc%thﬁ‘rﬁg PHESIT SAEATT O R m%ﬁ"&ﬁ? fagerlrf@,' iI’Vl%md a second
portion of ,RREREBNethS thadknasstanhMndaR 1idd sRAsHE cost §i tHenRntkdiR 18Rt ral core
el ement [0%51] In a sg‘fsh met hod sté%SOG an edgeggseal ant 526 igﬁgppl ied as
a | ongi t udindgiermpaie carigntyyenchyreudls thd seatanbisanpli¢dipdhe passive sudanstadct wit h
the per rreatth? n?e%gr&? rlat%yﬁ&\%olclﬂwi)gﬂ gon%ac%cj:d( ! Hhitﬂ]etz%r r(r:%ni aetrr% &2 Sgrwg} y. The
edge seal ant 'i1's appﬁl to }he passive surtface (neﬁ S ovvnf of “Mehabr ane

| ayer. Thelagggthesedh@enpelieraldasalk e gk a¢ ertmaes oRALElaga! Mhekedlayer al ong
the entire length of its edge. [0052] In a seventh nethod step 507 the free
portions ofocsRat Wpicehy p?neéqa%émoalgb thesacting pyrfacsiod gherraeapiagg layer 3l thpe

"second pojt.lan : e%’pll r e
central co(l;(;ee'S Ee)lptecr?gll;lﬁ ﬁ%ﬁ?‘%@%@w f\eﬁ%&g@gta ﬁ%%e ggé{ésglgf ghr?wigggjd%\ﬂﬁn ?ﬁ‘i‘%@t he
second porlayan 18for theefeed odbrianeyst ok adsemivht of athosindsdateatss euthraalghesr e

elenent is carrjed out while the edge seal apt i in an uncured state to
al | ow t he qréfea‘gle- 4@1(*&%5&% e fusfE R Be eadiaf e XTS5 eedom of

not i on durds8anbiheo WhsHdMkrRERGRS PortioR 3@8&&%&9&%&@@&1& §eRdgfeseal ant 526
is applied as part of the w nding step. The structure shown in method step
507 (a seveEmmnhati gxleguseeinduiss Guwevdniesealdailint 3250 handsthe edgasrod tishown i n
nmet hod. ste 06 after rotati the central core el t through 180
dogr ees. - TREMBPER BSE BH TR elp et HEL A S Lot 91o0b ks 15 UHAET B%ed by
rotating tiheceRhfrab sGPiR FteRPhratdt a8ien@Ey (W B23, MakabStepisoslidage t he
second portion of the nenbrane stack assenbly around the central core
el enent t cseplepiglemodrg.)addemdspipredaind g Hetie sapdA8iytwens thpdatenfuriage
menbr ane s Ly, f enbly present in
t he wound %@g%?@?%?%ﬁy%%ﬁgggﬁ?@%o@?n&/%ﬁa ugp{&ggﬁqsuﬁsl%% “%Zﬁgg;? S appi ng the
“third surdsaaeblyadndtieevesnl the gemioded the gelyeatdexhaepabaduirs aagsienbly with
tape, securi n,ga’the ends of the nenbrane stack assenbly with o-ri ngs,

like

appl yi ng dnsiayshmemgrangasimidy ot shordd pe peted ikat dacagges Albustatsiyn Fign

means. Th . ! : Y| eferred
to in thi ?drge\ﬂn'ggkgf%ﬁ%@sﬂﬁgb%@?ﬁé@g?%mﬁ%ga éétggggéﬁ%ﬂﬁ}%mh‘l}ﬁgémti | ayer
menbr ane abserdbént imensan,cintl dutbieer dhas ploserk e apnd2t Slovoeinthial3 lesreeel enent

conpri sing perneate exhaust conduits 118. rin edge seal ant 526,

CF Tt volPCUaned frdhoayBesget dHs CRernti ATy S5 Paan Tnd tHEE: ane
llayer 112 ﬁsemn% adyNR diiRQeatsd by #0ienARE ohNRith QAR SEHIAABS6 S Uhp 868 31d1e
separator assenbly, and bl ocks fluid transm ssion fromthe feed surface
except by indagscuhblekealidaddbeniys ssalantsyend the ke [ 0053] Referring to Fig. Sc,
structwe 508 presents a perspective view of a nenbrane stack assenbly 120
di sposed W04 eermgt toaFige dr ¢helfigmenda 4efdesdntsi side-dheviqy e ar sitabriloof a

separator assenmbly aof the present invention.. The structure 8 corresponds
Co the. si KPR nORPAREARPE RS Cab Iy SENERHCE e G SUGRTY. A GeHb] 6 odge
seal ant 536vdr%ioaNOVRe apirdll ABRSRYeRL U3thoSRCApphARG LoicBRALHRIIL sthhabe are a
total of four such edges) on e passive surface of nenbrane |ayer 112 and in

cont act wiastendy @ secucar by @ gadkaly4l6 witldin afhvessoemblahoustget08] easet 4240 i s
rotated in,direction 222 t ovi de WO structu The free ends of the
merbr ane seilsgcgge\éeggsewlseigequggg%o\f}lthoq ﬁo%ﬁﬁ%a@qeﬁgﬁ %@eb%%aqsh(gﬁerstg%r ed by
appl yi ng agdidiirnalf 1Rd@gasRharnbd2 0@ PRrtRaritdAOBMBI (8ddaHricter e are
a total of two such edges) at the passive surface of the nenbrane |ayer.

The central core elenent 440 shown in Fig. Sc is the sane as that featured
in Fig. 4b.



[ 00541 Referring to Fig, 6, the figure represents a pressurizabl e housing
405 used in accordance with an enbodi nent of the present invention for
maki ng the spiral flow reverse osnosis apparatus 400 shown in Fig. 4.
Pressuri zabl e housing 405 conprises a detachable first portion of

pressuri zabl e housi ng 601 and a detachabl e second portion of pressurizable
housi ng 602. The fist and second portions 601 and 602 nmay bc joined by
means of fckd ealds 460 3oiifogurad aupraviletd Teckosof@dn @ntle titadeadfc6@20wiitbtr ar e
conpllnentar to thr 6 r means f securi a detachabl e first
por ti on ofePat reaééqwﬁx gﬁpeqﬁ%@rﬁi R R LEREBRS (R dBrioproId ow OF

pressuri zghl %ol*&%h% '(ﬁtﬁ sh@&hyﬂ%‘o Bﬁlﬁthh‘&%h%fe%&ﬁf%? abRERI860 8&@§%e§auc9! ui ng,
tapi ng, clanping and ke neans eferring to Fi the figure
repr esent §h<apmes1mable heuhagléOS c:om@us&ts apemeateam@@msd@nda 48t tvuphed earbodi ment
of the prese i nvent i rneate exhau efi nes, a. channe
719" whi onSTETE SECH 40 ARG RE Ty CHARTRI OB EK] g e Bifentors EsTiephe

per meat e exhafSskp&aidduistenddl$ B3 odef IDIRStian R qggtlh@icaﬁg\thé Wirédon beed
control bathes 714, spacer elenents 446 and 447, openings in perneate
exhaust cpgRie fmmdurm&jorgrasmeﬁonm@tm@pé@hw) egwegesiiiogn ﬁwrsmgstorl n one
o) Tenksoh . RELIERLGe SUORULSGO M a0 BoRL A R RcRERLA Rl 608
el enent into I'S ose first por

120. Per naat exm Iﬂmetesmmdbﬂlet lsodstg84a$ &7ig @onewhtratecC Ebdiah@tt otithee &)3aahe
el ements 446 and 447 of a first Berneate exhaust  conduit 118 are aligned

with the €Psedrateflanig & dmstignd29 Avrigg operdieynbigyes fre ShSVeRHERRSH V@ ondui t
118. The gegopf 4p nﬁﬂap%oféf elteﬂl%nﬁﬁ@r;ﬁ&%n?ﬁ@%% aé?@@édnb@%dos ‘M’%HQ aro”“d
the central core elenment conprising perneate aust conduits 118. one
eMmmnmmﬂmmmmwmmmdMF@m&mmmmmdmmmﬁMmewmﬂm%mmmmdfm

contact w h th ar | ayer 1.s sli htI | onger, th th
Sott ton. "bimhaBST BRSSP BT M sorRE e kPt rérasdbiied 1 A% e
separ at or or%S&i%mMSV oBOG &P B e%rﬂ&lta44¥)e'fﬁer ﬁémﬁ%%xﬁh@?‘%@ﬁdxﬁ@rﬁ% icfisR@ two

per meat e exhaust conduits 118 nmay be inserted into a pressurizabl e housing
405 (Fi g.am)atsheppposide endihefpeodeao nxhaist cadiits ars oped. dhesecikaldasksin the f eed

toea i et 240 IRERRRE B W RrbFaE PR e SN B ATV E Shebl °o"

cavi ti es digfemEsthudihred agk iR IBerbRRE gHOR HUBS et i Hehefok ewr@]l%@pmeg ok thaf f | es
714 and contacts the feed surface of the separator asse One of the

pur poses GFCUSHENT dWSCRETIEYF exBRkst Ferduptit? conpyises @vepmer @k@éﬂw “af 1aed
cont act (S n at
o b TR A0S SR e e bl eSenaBRL g 211
per meat e @xaisst a Gpadt letemeat 4¢het ndland eadl 0150 (mf sem;tuﬂ eotehﬂemempﬁléiOng

bet t t I 0 and ' .menber 43 . 4a).
(00561 ReVBEF] RGTEGOFHE 180 A airgt 6780017 b AL APGTAEAE TECRE on vi ew
at m dpoi Uit 2BRIJF 1R n{ERIFPARNSack! ASEmBSSEIPAI SRwhefh FioSpased pt Bkn a

central core elenent conprising three perneate exhaust conduits. As shown
t he menbremecst acihass semdhite 342 20dc éfpreosprisest bpgtingsot 13 dimo8@il verich a second

t 802. A t th nt ided b
Pot at § ng HHEReTParas PaT BRHERTe PriritpaReT arsst 5ot dhetded Whna
st ruct ur ethe 3REmeRA! daRgert Bgerends t1ef idthgornMenboang: %El@ﬂéﬁt@é)%lﬂﬁbﬂ t&sdvnd curing

t he edge seal ant used on the edges and ends of the nenbrane stack assenbly.
Because the permeate exhaust conduits of central core element 440 are blocked at end

assenbly

445, flow of permeate through the permeate exhaust conduits is unidirectional in

direction 449.

[0046] Referring to Fig. 5, the figure represents a method 500 in accordance with an
embodiment of the present invention for making the separator assembly 300 shown in

Fig. 3. In a first method step 501 a first intermediate assembly is formed by providing
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[ 0057] Referring to Fig. 9, the figure 900 represents a cross-section view
at mdpoint of pair of nenbrane stack assenblies 120 di sposed within a
central core elenent conprising four perneate exhaust conduits. .A
separator assenbly of the present invention is provided by rotating the
central core elenment in direction 122 to provide a wound structure, and
sealing the ends of the nenbrane stack assenblies and curing the edge

seal ant useperoratehexhevbyesnduitd] ISnasl apblitifea eadbotagiee Gicackowas)seody y1ingd 00581

Ref erring Fig, 10, thﬁ ffj ure 440 rex%resent at rﬁe di mensi.on vi ew of
a central r@“g‘f%_%r}?n% Thi@ephELENE FRIEHLOBANT CBALMHFILTr R8N BTt 440
conpri ses ;Sé{*ﬁﬁe!itg%ﬁxtrie?i’dyep?f m&ﬁac@ml‘m% ug&ﬁ'ai’n%lhé albh 1&ago9ehi REEnd ‘238V' ty

450 whi ch accommpdatesa first portion o menbrane Stack assenbly 1

The conportentropdorikel fiesturtrausdiateasekinbly sha@nof Metwtrsdp 6oF & wipeatechto 440 are
essentially the sane that illustrated.in Fi 7. wWth the e ptj on t hat

Che.per meat8 s Aadepduna el srant s ety ta shedht fig S0 Tk

control holgtiddGk tﬁ@%@ﬁ%’fte ehdigedoint Feldrrddaid he «d Ydngtcmtthelpeaféfe el ement
440 conprises a bl ocked end 445 and an open end from which, duri n%

oper at i on, expavsisanéuitnesrpsponds taithe etidibrrighe pemyeatp ryekethyendrd fa thas neant

t hat each of.. r S I s ac bl ocki ng
el enent 71 ﬂé%%ﬁfﬁgggﬁﬁéea?%ga ggc(g)%ﬁglgggéé%(g&gg?%%%t‘gﬁhex eapuesllgfl gactgﬁ%xﬁf only

at the endagpposs sepphentbiraakid atpleEadhtadr fake op eiisrdatios@xiad sénggondui t s
al so conprises a feed control cavity 710. Moreover, the perneate carrier
layers 110°f thapemath @%@%&oaehahw&yw@?lﬂaéarteéteéma@% lengHuef that norBorght i gur ed
as shown i i : [ I vity
2207 [ 0056} BePise kb BHET chllfh JpRATTRARERRIR SaRcPRA-RP LS AP

di nensi ondlpisally, dthei ganmedte aextenstr andodris lehgeretitain 446 wfltidyer pnesiaabe
invention. The central ,core elenent is identical to that, illustrated in
Fig. 10, FSEMIY bsRpre B 3 0 e PP ASE TR PRSPy BB bnent of

Fig la. Fijgverdtioh® THaP¥oHBR oRheEpRMRAE ExMhdWcdulth@aped et @nthct Rithithe
central core elenent of Fig. ha. %0060] in one enbodi ment, the present
S

i nvent i on nerovitel ssrrir dayler is pp@ust sopletlly boogpriddedgwih opanings, foor e

compr si g arpla: Parn TR ettt EHTIN 2 SRR EBSR P s ior R ot ack

assenbl y copiit sibngdated RRSIonBRE wWitelle GRIMERE chiditellayedimdyeatbd psroper meat e
carrier layers, and at |least tw salt-rejecting nenbrane |ayers, the

sal t-rej ec¥reR Withbrsaped tp djey somer] pfdesspuk erpnes saeh as iskenisaisd7 aprd er

| ayer and TRt CaRr | . 'y i . ne

st ack asseltr@?;fpaﬁétreg@%& Zg \i/\nl? %%rlla%?l%ﬁ%dl@gfﬁftsrOZ}theg%rggeeng{}lgrgm&ﬁnhtg%@gE%@r ates
t he per neaifethexkatsite egidist tonduitoidtonapeiooheontads w&b ahel ppanidakotarditr t he
menbrane stack assenbly ferns a multilayer menbrane assenbly di sposed
around t héY&ht RAIPOEBBe el enent. The feed carrier layer is not in contact
wi th any of the perneate exhaust conduits and is not in contact with the

per meat e q@p47)ah ol RY&Id- mdih6d E’t‘é{) BBALLsESd inRimbAYR Sty 88 phphi2dC ANt act
with at | east one of W perneate exhaust conduits.
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, permeate exhaust conduit 118.

[0048] 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.
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[ 00611 In one enbodi nent, the salt separator assenbly provided by the
present invention conprises a nmultilayer nmenbrane assenbly which is
radi al |y di sposed about the central core elenent, in another enbodinent,
t he present invention provides a salt separator assenbly conprising a
salt-rejecting nmenbrane | ayer which has functionalized surface and an
unfinetionalized surface, In one enbodi nent, the salt separator assenbly
conpr i ses[ioh9er Dfounthractped sRAE4 ex haust ineamnedihfehissdniblanoidieed e mhadi ment ,
the salt separator assenbly conprises three or nore perneate carrier

hr ee
| ayers. i hs§rapd ﬁ?%‘%h‘i@ife_ lémdd?ﬁéﬁﬂqedttﬁéhémlﬁd @@ﬂ&?@?@ras%?é@éﬁﬁw PE6RDri ses a
plurali tyinoéoniagggvitﬁ%éd &{ITiL:IaM?{_IISIIGagdCH thfl tﬂé‘a(ﬁlv%eshﬁﬁéeein%{@?&&rgg%ﬁthet he salt
separat or assenbly conpri ses ree or nore salt-rejecting nmenbrane |ayers.
[ 0062] | nmyebraanddyeeis iechodetreit thetftwel qrésdateril he end thense@amduheesrane spi r al
fl ow reverse .osnosi s. rrenti{r) nggegppara us conprising (a) a pressurizabie
housi ng aRdeT(bFOFDEParativie Ieddrtiiey 1a¥he separator assenbly conprises a
nmenbrane stack assenbly conprising at |east one feed carrier layer, at
| east twojopssNBAd eifieahéth8d sleBYRI5S a fANHiMdmlcaRsd ads¥RbRERTbARSL. | AYBF$, the
feed carrier |ayer bei n? di sposed between two nenbrane | ayers. The feed
carrier |iajgemedigtenaiseinhlyc onteepicted tim metbopesiere@0e isafoinedr to |thy dpurtiThe
separator. assepb] y al anpri,ses centr core enent nprising at
enot -t wo beT RaRie s S PR A e G B30 “TEE oBL TP SETRGRY 21 o

exhaust cdupilitéd in m&hbd Etgp SpOrdatads ®mehigadasdvkanensiAcR0 asmpfisihy ohs
configured such that it separates the perneate exhaust conduits"k second

portion ofeed KaITifE dbyes fspopet ReBgs fpPymeBPHEC dayfis il Fagiet e msFamée assenbl y
di sposed c%ﬁéf“lq e ﬁ%rﬁﬁﬁ’lhnt&ﬁ{e‘aia% allERbly ﬁ%%vﬁ FERCMRE G sdsMifwd # NOL 1N
contact wwth a %er neat e exhaust conduit. "“The perneate carrier |layers are in
cont act witshpatioh eé stendnanecdtadkhesqeblyd a0 eligxbalsithiconcuithscaadleartent not i n

contact with the feed carrier layer. The pressurizabl e housjng conprises at
east  oneFHEIERETCES FIEGF ERdueD i buindeh BB BBIOPI BB Shdbg
surface Ofssdhfly38pARLYI RESETH He IR REBSRMMAnZADl € housing conprises at

| east one perneate exhaust outlet coupled to the perneate exhaust conduit,
and at | east one concentrate exhaust outlet coupled to the concentrate

surface of00fHelngeppsthandhodgerhif §n edisseppeisTeris 2pplied aadengipdimayline nmade of
sui tabl e erial .or ternials. For.,exa t ressurizabl e housi ng may
e mmde. oHOU Fstsa8t P BleBtst Siaa M ARG AR AER IS re
enmbodi mendffortl hesiptte §fethicdald assaibst. nTHeSedpadRaRht & hfdiRdPaAr@Btpaptiast i c
material. In another enbodi nent, the pressurizable housing is made of a

t r anspar efifarh Grahpwnhaf arqmiirang ey dhp|dee §Palay. perpowss thenadjpgent

enbodi ne i i i piral flow reverse osnosis
menbr anerﬁa%rgg%}gfﬁéﬁiga Errélge{%?%%fg?reg&g#%ggﬁ? ?dzébl e housing and (b) a
separator assenbly provided by the present invention wherein the nmultilayer
nmenbr ane [A882Anfol ¥ sesentladnahdd/ sthips Pk gk &co ydtiditseol €t siath coeregiadgrent . I n
an alternate di t, . the present .invent,i rovides a iral, flow
ever se. COHGUTE (FSh TR bppnlas SOOI iy he ot Bt SERTE housi ng
and (b) arphithali dryuf 1HReRAkAL Sre a3SEIMN| VebSre RUBHE AFANDYdEN Se iR SDBL
invention. [0064] in thU yet another enbodi nent, the present invention

provi des Windnhte seeendnpikiiong ohthsapembitaoe stacls essoinply arhendvihetrsdirdoiept i si ng:
provi di ng;a ntral .core e t conprising.at |east t per neat e, exhaust
ondu t o AatE 1 BrEERE, RfNIR, <S8R E 07 R apn SRTted HRCR T8 S8a g o

first pordurfagesodf layerembriangesibagk Rakeftdnybloaopk Sdcdgm &t mbeas tufid®
pernmeate carrier |layers,_ at |east _one feed carrier_ |ayer, and at |east two
nmenmbr ane thayapding pegeess. t eoncefinbedimeps theatdggealariely smapliehes pat feat e

exhaust GR0MhAS Ach. SPRALAICRHe ok thétida BB S0a SbvliP TEARIARE St ack

assembly) depicts the structure shown in method step 506 after rotating the central
core element through 180 degrees. The preparation of separator assembly 300 may be

completed by rotating the central core element in direction 222 thereby winding the
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and radially disposing a second portion, of the nenbrane stack assenbly
around the central core elenent, and sealing a resultant wound assenbly to
provi de a separator assenbl y"wherein the perneate exhaust conduit is not in
contact with the feed carrier layer, and wherein the feed carrier layer is
not in contact with any of the perneate carrier layers, arid wherein the
pernmeate carrier layers are in contact wth at |east one of the perneate
exhaust cosedoid gortip@a83he imemtyanegpsteckeatsemkbnpioand theeceaxplr emsictament aai al | y

di sposi ng second portign of the nenbrane stack assenpbly around e
central cog)émea\ ‘@%W‘%SS% VR tﬁ’ﬁ‘bs%?upggﬁ?eteéﬁf ogﬁl?ﬁaelﬁgrgg%ﬁﬁa% ?%e’ﬂf’g'vi de a
separ at or ‘pigsendzl o' the 6h&hbrah® stalll adehHlPlraseMdinnGe theindesentblpandy 8o of the
menbrane stack assenbly around the central core el enent, and sealing ends

of the menfseuise byt sariousgseans|sych poda6Yraphinef be edfurhguréscaimol dke aylindeer el y
Illustrati (Ye?fni:?] %&Yﬁ@&ﬁ%@&dri:a}s%%&?mthqgé% 8?10312@‘%?%: ér}%‘g.otf?l}aeh%rgﬁragg Pttaa?

i nvention.. e" appe al ns” are | clalm e I nventli on as

broadl y asassémblgswirkes-ringnceppleihgantehlagt exahpl @sls e diennphesant edclar e
illustrative of selected enbodi ments froma manifold of all possible

enbodi ment &Sl ora8f! ngffey meaps.i Shappeyndafeconine@HeR off tameneansppléfited
claims ar eas?%l‘glgl Os t}gfe*'x‘emtg e By G dERekCs BE I%E '%Pﬁieﬂ{ﬂriﬂeezc 31?18”1%/. t he

illustrate res of the present 1nvention. dint
wor d " conpfhis esiltimmer membgmanasednmidsl is waidi tankes dispgped alrbundaths eestuddt@nd and

i nclude phrases of varying and differing extept such as for exanpl.e, but
ot 11 mi ¢ SO GUepr RGP ER e G SetA 181 GRS B LPS ST vner o
necessary, cffeagas sbay %éos'&%as DHRRY p&sheatchQ@S@er BNGEMHAANEMbARE Yy €19 al |
sub-ranges there between. 1t is to be expected that variations in these

ranges wi |hotls(dgdend suitavs eindediet epngengrade sinfacenedr theasepangtosrassenably, skd | | i n
the art a e.not alrea dedi cat,ed to the blic: 0S ari.ations
Shourd whanatit 8o BRheBItER Tord Tt FR eh G bRFabbY P of IRSRet BRLi o° 1

is also anky&ilpat ed that advances in science and technology will nmake
equi val ents and substitutions possible that are not now contenpl ated by

reason of the inprecision of I&&gua%e and these variations should al so be
const rued WAHRGexREP &18- gcpalredyigrdd Prsperts @ Papsperie iy af sgnemippag i s

21 | Sk et ST SOMP S, 40 o 0
conpri si ngpofa sepmeentssatmblyeadthe ptesednaiuantipn.aiie structure 508 corresponds to the
sixth intermediate assembly shown in method step 506. A curable edge sealant 526 is
shown as disposed along each longitudinal edge (there are a total of four such edges)
on the passive surface of membrane layer 112 and in contact with permeate carrier
layer 110. The central core element 440 is rotated in direction 222 to provide a
wound structure. The free ends of the membrane stack assembly present in the wound
structure are then secured by applying additional edge scalant 526 along the
transverse edges (there are a total of two such edges) at the passive surface of the

membrane layer. The central core element 440 shown in Fig. 5c¢ is the same as that

featured in Fig. 4b.

[0054] Referring to Fig. 6, the figure represents a pressurizable housing 405 used in
accordance with an embodiment of the present invention for making the spiral flow
reverse osmosis apparatus 400 shown in Fig. 4. Pressurizable housing 405 comprises
a detachable first portion of pressurizable housing 601 and a detachable second

portion of pressurizable housing 602. The fist and second portions 601 and 602 may
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a nmenbrane stack assenbly conprising at | east one feed carrier |ayer, at

| east two perneate carrier |layers, and at | east two nenbrane | ayers, the
menbrane | ayers being di sposed between the feed carrier layer and the
perneate carrier |ayers; wherein the perneate exhaust conduits are
separated by a first portion of the nenbrane stack assenbly, and

wherein a second portion of the nmenbrane stack assenbly fornms a nmultil ayer
menbr ane bspandl by desyp os ddeats@di dot feeuiden6®lato @Ay encethermEdn 04 athdch are

wherein the feed carri.er r is not in.contact wth er reat e exhaust
condui t, SHEPHHREHEYHC #H,e%%%@ Othermfens RE SEERTIN £ Aetaghaple st Eﬁw%gf freat e

exhaust  cgRebable housing ﬁ% ﬁﬁ@%cﬁﬁﬂ@'éé’c{olﬁa AeSHERWY e ﬁb@éiﬁlncld’&%em@i n the

mul til ayer nenbrane asse y 1s radially disposed around e central core

el ement, use of snap together elements, gluing, taping, clamping and like means.

[0055] Referring to Fig. 7, the figure represents a permeate exhaust conduit 118 in
accordance with one embodiment of the present invention. Permeate exhaust conduit
118 defines a channel 119 which is blocked at one end by channel blocking element
712. The permeate exhaust conduit also defines a feed control cavity 710, feed
control baffles 714, spacer elements 446 and 447, openings in permeate exhaust
conduit 113, and grooves 716 adapted for securing o-rings. In one embodiment, two
permeate exhaust conduits 118 provide a central core element into which is disposed
a first portion of a membrane stack assembly 120. Permeate exhaust conduits 118 are
joined such that the spacer elements 446 and 447 of a first permeate exhaust conduit
118 are aligned with the spacer elements 446 and 447 of a second permeate exhaust
conduit 118. The second portion of the membrane stack assembly 120 is wound
around the central core element comprising permeate exhaust conduits 118. In one
embodiment, that portion of the permeate exhaust conduit 118 adapted for contact
with the permeate carrier layer is slightly longer than the section of the permeate
exhaust conduit comprising openings 113. The separator assembly 300 comprising a
central core element comprising two permeate exhaust conduits 118 may be inserted
into a pressurizable housing 405 (Fig. 6) such that the feed control cavities 710 are
closest to feed inlet 410. During operation, a feed solution may be introduced
through feed inlet 410 into feed control cavities 710. As the feed control cavities
become filled excess feed emerges from the feed control baffles 714 and contacts the
feed surface of the separator assembly. 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. Grooves 716 adapted for securing o-rings may serve
to join the permeate exhaust conduits at one end and also to secure the coupling

between the separator assembly 300 and coupling member 436 (See Fig. 4a).

[0056] Referring to Fig. 8, the figure 800 represents a cross-section view at midpoint

of pair of membrane stack assemblies 120 disposed within a central core element
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3. The separator assenbly according to claim11, wherein the separator
assenbly is a salt separator assenbly 4. The separator assenbly
according to claiml1, wherein the nenbrane | ayers conprise a functicmalized
surface and an unfinetionalized surce. 5. The separator assenbly
according to claim1 conprising three or nore perneate exhaust conduits.

6. The separator assenbly according to claiml, conprising a plurality of
feed carri@mprayeyibree permeate exhaudthendeparat diowashemeinpraesacdi ng to claim 1
conprising thr erneate carrier |a er§i 8. The separator

e Qr,..nore . . ;
assenbl y a@éﬁ?@i“ﬁd 20 §oRpEpeA first parion; 89 Rgd PRI POt 80 2mehBPARECT ayer s.
assembly of the present invention is provided by rotating the central core element in
direction 122 to provide a wound structure, and sealing the ends of the membrane
stack assemblies and curing the edge sealant used on the edges and ends of the

membrane stack assembly.

[0057] Referring to Fig. 9, the figure 900 represents a cross-section view at midpoint
of pair of membrane stack assemblies 120 disposed within a central core element
comprising four permeate exhaust conduits. A separator assembly of the present
invention is provided by rotating the central core element in direction 122 to provide a
wound structure, and sealing the ends of the membrane stack assemblies and curing

the edge sealant used on the edges and ends of the membrane stack assembly.

[0058] Referring to Fig. 10, the figure 440 represents a three dimensional view of a
central core element of the present invention. Central core element 440 comprises
two identical permeate exhaust conduits 118 and defines a cavity 450 which
accommodates a first portion of a membrane stack assembly 120. The component
permeate exhaust conduits 118 of central core element 440 are essentially the same as
that illustrated in Fig. 7 with the exception that the permeate exhaust conduits
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 emerges in direction 449. By “blocked end” it is
meant that each of the permeate exhaust conduit channels is blocked by a blocking
element 712 such that permeate can exit the permeate exhaust conduit only at the end
opposite the blocked end. Each of the permeate exhaust conduits also comprises a
feed control cavity 710. Moreover, the permeate carrier layers 110 may be disposed
around permeate exhaust conduits 118 configured as shown in Fig. 10 such that no

permeate enters the feed control cavity 710.

[0059] Referring to Fig. 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. Fig. 11b represents a side-on view of the central
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9. A salt separator assenbly conpri sing: a central core el enent
conprising at |east two perneate exhaust conduits and not conprising a
concentrate exhaust conduit; md a menbrane stack assenbly conprising
at | east one feed cattier layer, at least Iw pelt wine carrier |ayers, and
at least two salt-rejecting nenbrane |ayers, the salt-rejecting nmenbrane

| ayers bei ng di sposed between the feed carrier |ayer and the perneate
carrier |ayeelsment of Figwhar Eignl theropeesreateaeddtavisty of drediopts ead eofslepar at ed

by a firsteﬂ?o tion of the.menbrane stack assenbly, and wherein a

second pofHEncBt CrHEN #ané stack assenbly forns a nmultilayer menbrane
assenbly di sgosed around the central core elenent, and wherein the
feed car ri08p0] Byane cppodippent, the preseie invgntin Broyiders stlé sPrmrstsseddui t, and

wher ei n t%ﬁ%ﬁﬂ?@é&ggﬁ&é EfenteRY &itprRirfy 4t FeLPR ASEmBhE RxRhust LRGks, ONe

per neat e exhnaust” con
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.

[0061] In one embodiment, the salt separator assembly provided by the present
invention comprises a multilayer membrane assembly which is radially disposed
about the central core element. In another embodiment, the present invention
provides a salt separator assembly comprising a salt-rejecting membrane layer which
has functionalized surface and an unfunctionalized surface. In one embodiment, the
salt separator assembly comprises three or more permeate exhaust conduits. In
another embodiment, the salt separator assembly comprises three or 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.

[0062] In yet another embodiment, the present invention provides 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
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0. The salt separator assenbly according to claim9, wherein the nuhil ayer
menbrane assenbly is radially disposed around the central core elenent. 11.
The salt separator assenbly according to claim9, wherein the saltrejecting
menbrane | ayers conprise a functionalized surface and an unfirnctionalized
surface, 12. The salt separator assenbly according to claim?9,
conprising three or nore peril-mate exhaust conduits, 13. The salt
separ at or lagsenbhe spacosdissgnbly as@tomprises angenirsl oge &lgphant abmefisihg ed
carrier |ayers. The aI t separator assenbly according to claim
9, conpris ﬁﬁtt‘"@ B"rmﬁ%treee’%é? ?Ir"qe BPeSI a?fe?‘gnpﬂse a Conceﬁ%ateﬂ’fga‘é%l t

separat or agRgAblA fff‘ﬁ%rﬁlél{'gf tiR ﬁ‘qleﬁbf&n@ steeR HREMIPYGs EMERrQ sUPR that it

salt-rejecting menbrane | ayers.
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.

[0063] In one embodiment, the present invention provides a spiral flow reverse
osmosis membrane apparatus comprising (a) a pressurizable housing and (b) a
separator assembly provided by the present invention wherein the multilayer
membrane assembly is radially disposed around the central core element. In an
alternate embodiment, the present invention provides a spiral flow reverse osmosis
membrane apparatus comprising (a) a pressurizable housing and (b) a plurality of

separator assemblies provided by the present invention.

[0064] In still yet another embodiment, the present invention provides a method for
making a separator assembly, the method comprising: providing a central core
element comprising at least two permeate exhaust conduits and at not comprising a
concentrate exhaust conduit; disposing a first portion of a membrane stack assembly
comprising at least two permeate carrier layers, at least one feed carrier layer, and at
least two membrane layers within the central core element such that the permeate

exhaust conduits are separated by the first portion of the membrane stack assembly;
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16. A spiral fl

OW reverse 0sSnosi s apparatus conpri singi (a) a

pressuri zabl e housi ng; and (b) a separator assenbly conprising

a nenbrane stac
two perneate ex
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k assenbly and a central core elenent conprising at |east
haust conduits and not conprising a concentrate exhaust
wherein the nmenbrane stack assenbly conprises at |east

one feed carrier layer, at least two perneate carrier |layers, and at | east
two nmenbr anerddaylgrdisposing aneirbiidpertioaydrse hehibgardi ﬁ@ks&ebrﬂﬂpwe@mdtthe f eed
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stack ass ¥y
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and di e perneate carrier |ayers, wherein the
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central cbye, ehémdrtein almzlfeed carriepH&ree i nbeinf emmhotavlm any d)hgherpenseate)t in

contact with

erneat e exhaust conduit

carrier layers, and wherein the permeate carrler?ayers are in contact with at least one

of the permeate exhaust conduits.

[0065] In the present example, the expression “radially disposing a second portion of

the membrane stack assembly around the central core element, and sealing a resultant

wound assembly to provide a separator assembly” refers to the acts of winding the

second portion of the membrane stack assembly around the central core element, and

sealing e

nds of the membrane stack assembly.

[0066] 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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wherein the perneate carrier layers are in contact wwth at |east one

per meat e exhaust conduit, and wherei n the pressurizabl e housing
conprises at least one feed inlet configured to provide a feed solution to
the feed carrier |ayer, and wherein the pressurizabl e housing
conprises at |east one pu-rmate exhaust outlet coupled to the perneate
exhaust conduits, and at |east one concentrate exhaust outlet. 17.
The spi r al Whhoiwciaved & osnosi s menbr ane apparatus according to claim 16,
wherein the multilayer menbrane assenbly is radially disposed around the
central core el nent The spiral flow reverse osnosis nenbrane

appar at us accor d"tSQPaE%t%ﬁ E}f’?q%bly\f&ﬁg?é‘?’ﬁ‘gt he menbrane |ayers conprise a

functionalized surface and an unfunctionalized surface. 19. The
spiral flowr eva%éﬁra%&@ssleﬁném@Bﬁ@ﬁ@mg@ma@{tNv% PeRehidicRBadsP c &l RitTad®
conprising a plurality of separator assenblies.

not comprising a concentrate exhaust conduit; and

a membrane stack assembly comprising at least one feed carrier layer, at least
two permeate carrier layers, and at least two membrane layers, the membrane layers

being disposed between the feed carrier layer and the permeate carrier layers;

wherein the permeate exhaust conduits are separated by a first portion of the

membrane stack assembly, and

wherein a second portion of the membrane stack assembly forms a multilayer

membrane assembly disposed around the central core element, and

wherein the feed carrier layer is not in contact with a permeate exhaust

conduit, and

wherein the permeate carrier layers are in contact with at least one permeate

exhaust conduit.

2. The separator assembly of claim 1, wherein the multilayer membrane

assembly is radially disposed around the central core element.

3.  The separator assembly according to claim 1, wherein the separator

assembly is a salt separator assembly

4.  The separator assembly according to claim 1, wherein the membrane

layers comprise a functionalized surface and an unfunctionalized surface.

5. The separator assembly according to claim 1 comprising three or more

permeate exhaust conduits.

6.  The separator assembly according to claim 1, comprising a plurality of

feed carrier layers.
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20. The spiral flow reverse osnosis nenbrane apparatus according to ei 16,
wherein the feed carrier layer is conprised of a plastic screen.

7.  The separator assembly according to claim 1, comprising three or more

permeate carrier layers.

8.  The separator assembly according to claim 1, comprising three or more

membrane layers.
9. A salt separator assembly comprising:

a central core element comprising at least two permeate exhaust conduits and

not comprising a concentrate exhaust conduit; and

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;

wherein the permeate exhaust conduits are separated by a first portion of the

membrane stack assembly, and

wherein a second portion of the membrane stack assembly forms a multilayer

membrane assembly disposed around the central core element, and

wherein the feed carrier layer is not in contact with a permeate exhaust

conduit, and

wherein the permeate carrier layers are in contact with at least one permeate

exhaust conduit.

10. The salt separator assembly according to claim 9, wherein the multilayer

membrane assembly is radially disposed around the central core element.

11. The salt separator assembly according to claim 9, wherein the salt-
rejecting membrane layers comprise a functionalized surface and an unfunctionalized

surface.

28



12. The salt separator assembly according to claim 9, comprising three or

more permeate exhaust conduits.

13. The salt separator assembly according to claim 9, comprising a plurality

of feed carrier layers.

14. The salt separator assembly according to claim 9, comprising three or

more permeate carrier layers.

15. The salt separator assembly according to claim 9, comprising three or

more salt-rejecting membrane layers.
16. A spiral flow reverse osmosis apparatus comprising:
(a) a pressurizable housing; and

(b) a separator assembly comprising a membrane stack assembly and a
central core element comprising at least two permeate exhaust conduits and not

comprising a concentrate exhaust conduit;

wherein the membrane stack assembly comprises at least one feed carrier
layer, at least two permeate carrier layers, and at least two membrane layers, the
membrane layers being disposed between the feed carrier layer and the permeate

carrier layers, and

wherein the permeate exhaust conduits are separated by a first portion of

the membrane stack assembly, and

wherein a second portion of the membrane stack assembly forms a

multilayer membrane assembly disposed around the central core element, and

wherein the feed carrier layer is not in contact with a permeate exhaust

conduit, and

wherein the permeate carrier layers are in contact with at least one permeate

exhaust conduit, and
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wherein the pressurizable housing comprises at least one feed inlet configured

to provide a feed solution to the feed carrier layer, and

wherein the pressurizable housing comprises at least one permeate exhaust
outlet coupled to the permeate exhaust conduits, and at least one concentrate exhaust

outlet.

17.  The spiral flow reverse osmosis membrane apparatus according to claim
16, wherein the multilayer membrane assembly is radially disposed around the central

core element.

18. The spiral flow reverse osmosis membrane apparatus according to claim
16, wherein the membrane layers comprise a functionalized surface and an

unfunctionalized surface.

19. The spiral flow reverse osmosis membrane apparatus according to claim

16, comprising a plurality of separator assemblies.

20. The spiral flow reverse osmosis membrane apparatus according to claim

16, wherein the feed carrier layer is comprised of a plastic screen.
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