| MPROVED DOUBLE BLOCK AND BLEED PLUG REFERENCE TO PENDI NG APPLI CATI ONS Thi s
application is a continuation-in-part of U S. Application No. 11/936, 182,
filed on Wowverane77, 2007, and clainms priority to that BCc®USa@ploseat i on.

FI ELD OF THE I NVENTION This invention relates generally to pipe plugs,
particularly plugs for use in pipelines that carry high or |ow pressure
fluids, high or | ow tenperature fluids, steam dangerous fluids, and

|l ) bl e bl ock
225' b cod 1s SRR CORE I HRRar A FTTRRAY TR EoPEYC (PAgRho seals i

a pi pe and opening a bl eed port between the seal S to ensure that the first
seal is holding. Any | eakage past the first seal is contained by the second
seal and forced to exit through the bleed port. This arrangenent ensures
that the pipe is conpletely sealed, nmaking it safe to work on downstream of

the two seal £ROASIREFERBECHQORE-ATEISKPpPNIGAlPIRGg, however, currently
requires the use of a single, netalto- netal plugging seal or the use of

two i ndepend d tings t r che r sive; use
relatively | g %%‘\%ﬁwﬁ& oﬁaégr]l sd;qu o gﬁe Lﬁ?g a (f”stm%a};:j1 %&ﬁ%%ggr%nt to
properly i nstNal ¢l/l(mwtﬁlcm@lctoy¢r t7hé0¢ﬂetaad 6ﬂ/¢4h3§16alﬁlecnggnb¢g 5s@e08 approach

does not al | /Pty RISSIAL MRS RRs BEARE ehlfguan @ T1tting. 1T a

bypass is require a secon must ‘be 1 nstall ed upstream of the

pl uggi ng seal req}\gée a need exists for a double block and bl eed pl ug
that is |essb ; smaller and lighter weight, and easier to install

than the current approaches. None of the prior art alone or in conbination
meets thi s né®@@2loThis endation intledep embahmentnthatngeneallyolslateoosa ceRpal cadadi tional

i nformation gglatis ,gse QaBi %‘;%PA)MQQE{ Sriob I RG s %Nﬁ{%’oﬁﬁg&% | EVENT EOR |

foll owi ng previous ssue nited States patents
A SPI RALLY Wexns SEPRFWPGS{ RS SPRBLIPWCROSRIORFFERIINGE Tio REENIPEDMSRPPLI CATI ONS

10001) This Wﬂhé&%ﬁh@& %ra.lnamnt fa@pamdaeissetnbﬁés L&nﬁmsﬁé% kARl coRPP! i cati ons
No. 61/106, 219. filed Cctober £’7 , and 61/1 11, 366 filed Novenber 5,

2008 each of e\ﬁﬂ?'&hP'P‘s'dWé?‘éﬁ‘erP’Fsﬁ%‘d‘i“ﬁB‘l‘%t ed inits entirety by reference.
BACKGROUND | 0002| This invention includes enbodinments that generally rel ate
to a central [@983]eConventional separator assemblies tvpically comprise a folded multilayer

membrane assembly disposed around a porous exhaust conduit. The folded
multilayer membrane assembly comprises a feed carrier layer in fluid contact with the
active-surface of a membrane layer having an active surface and a passive surface.
The folded multilayer membrane assembly also comprises a permeate carrier layer in
contact with the passive surface of the membrane layer and a porous exhaust conduit.
The folded membrane layer structure ensures contact between the feed carrier layer
and the membrane layer without bringing the feed carrier laver 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 1o 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 multilaver membrane assemblies have been



el ement for separator assenblies. In various enbodi nents the invention
relates to central core elenents for spiral flow separator assenblies. The
i nvent i orwalzsw/i4mei udes net hods for nmaki ng separat or as®erhiSe@9/068€6pri si ng
the central core elenments provided by the present invention. [0003|
Conventional separator assenblies typically conprise a folded nultilayer
menbr ane assenbly di sposed around a porous exhaust conduit. The fol ded

mul tilayer nmenbrane assenbly conprises a feed carrier layer in fluid
contact with the active-surface of a nmenbrane |ayer having an active
surface and a passive surface. The folded multilayer nmenbrane assenbly al so
conpri ses a psdieeadreuctuid paifichitingrocestesc tiludiag reveksdodmveis pasailvatiosur f ace of
t he rrerrbranewlldalxi%rro,lgpf 8 porous exhaust conduit. The fol ded nenbrane | ayer
structure ensures g St A Feheen the feed carrier | ayer and the nenbrane
| ayer without bringing the feed carrier layer into contact wth the

per meat e car 14984 ﬁogvémubﬂwph-@ewﬁswgse@kmﬂw be sraenfpaturedRyr hringing Yér at i on a
feed sol uti oBctv®MrRbdAndnbialke tyEr Hadin® hPMA R sukMdeQng @ PAsdics suMatdiniohe feed
carrier layer of the nultila nbrane assenbly which trafnsg’ts the feed

( ! Ll ayer Imenor, \ .
solution to CPMachih beth %@Fﬁ@ga&e‘ifﬁ@e’d@i’i’bﬂ%embé%r“‘>’\ﬁh‘?et’}$ Aiged i es and
transmts a peéitiaopckd-liké SirnicRed whith Whiclips alke RedCirfiBalagert OrhehRassper neate
carrier layer. _ The feed solution. also serves i srupt solute accretion at

| t
The et va) SHiTER S bF Hen e i Pais sy oty wilh B B R eaB ol & ot of
t he nul ti | ayeamrierdadersan preassenibéngbrankseack esserslady & phisls ée folial ménsbrper neat e

carrier I~aye§ L Nt %.the ROLQUS e)-%h%ij%;e“ﬁgrﬁr‘}?f?‘%” o%io?%%#ér%%éc&rﬁg per neat e.

aver 15 .disposéd 'between the .
Separ at or as<Senb |eg°corrpr| Si ng i aye aneé assenbl i es have

beenused i n-leaeks.odsplirkliy df peh nfembané gackpssotisesch inohadiwith at dsaer se
osnosi s, ul t paf bdabhé bé?rﬂ?%f‘&ﬁriép 18R it lifeh abdud aWuQﬁ@Ec%ﬁx%ijnQPP&usFO' ded

mul tilayer nmenbrane asse Ies nmay be manufactured by bringing the active
surface of aCYEHbCamuit|inpaHach Nt be eommawt payBealy P dagheP Bropdeeve surface

into contact siafafdr RALALIS WolBhES Mk AIHIGRS nfeRibFdnSlasseAYIS and (S pdTBRLr ane | ayer
being folded to create a\_’geocket-l i ke structure which envel o&)s, t he feed

carrier | ayef¥hagggondyiig; 988 Q€ thegnenphipne siach 2sa@bYes A ARPEOPHRBNght i nt o

contact W thsand 16 prei@hi dir€ comai 6f marfded esluticryiGiltStht Perpleqd daderaayebr ane

stack assenbly i.n whi nbr ane. Iayfer Suﬁill Spose bet ween t he
pidgg mufths

y : E’P the folded osed be

feed carrier A SRY SHEeHEPHPORBPE e RS 8 4
assembly is that the folding of the membrane layer may result in loss of membrane
function leading 1o uncontrolled contact between the feed solution and the permeate

carrier layer.

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

both efficient and cost efTective.
BRIEF DESCRIPTION

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

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



| ayers. A plurality of such nenbrane stack assenblies, each in contact with
at | east one comon perneate carrier layer, is then wound around a

convent i onal20paears exhaust conduit in contact w th thePcCOruseenIpssIneat e
carrier layer to provide the separator assenbly conprising the multilayer
menbr ane assenbly and the porous exhaust conduit. The edges of the nmenbrane
stack assenblies are appropriately sealed to prevent direct contact of the
feed solution with the perneate carrier |layer. A serious weakness separator
assenblies conprising a folded nmultilayer menbrane assenbly is that the
folding of the nenbrane |ayer may result in |oss of nenbrane function

| eadi ng to uedand calduiedndbatdaist beihie.e Motddeerf ke cbngall cdiel eldmeandefingse per meat e
carrier |ayer 000 ed for further |nprovenments in
both the cee S SARERT IisedmEs S0k P Y SSebine et BRI g one. o
nore nmultilayer nmenbrane assenblies. Particularly in the real mof water

puri fi cati on|9087] Inangber eobadimpiti e preseneingentian providesredeniral gogslsgetlor nor e
robust and 1 elriaablafucreRRmely Qﬁmgr%ﬁ%rmb'p&%um&ﬁt @huiRohbp&blsikh/Rt and cost
ef fective. BRI EF DESCRI PTI ON I'n one embodi nent, f pr esent

i nvention pr 6YNYESCOTPEERS wa?\he‘ér @ameéﬁ@rﬂnepbworé %@b’éﬁsa‘thtﬁh a&% d4dl y, the

central Cﬁr e cehRuREiof 0EREdnSAnNgkteMor 5B ASE off N prMnQB\‘ha@sX f&&é&h MA@ MU t s the

porous exhaust conduits co [ exhaust channel .an

Dpeni g wht Sthast B MO R Al o AR A BYRerrBRTedir hoe of t he
por ousexhaustccomndddté a Anrdpdriva of X hembianchakaskmblbr eover, the central core

el enrent defines a cavity configured to accommodate a first portion of a

menbr ane sl a%@ogismreb'axoth&%Zb.Aem moﬁr&%ﬁt ﬁ@ﬂ% TR des bN&nii ec%f%nt

i nvention provides ‘a central core el enent seépar at or assenbl y
conpri sing t fEMpYrfeRAseRRRRL RN diS §e§"alt°ﬁ@ e&@reaugon@x'ﬁaslé\fo Wemigeli t s

conpri si ng anae¥AdStshsRapoRus aitu®denddlts VRdréin Q@&rudaaxs eXfHusihcopddiow f l-ui d
communi cati on between an exterior surface of the poro ch érau {. condwt and
d

the exhaust CHENKE an NBPaSY shannel,and; opg (o8] M8, PRy M cavity

configured t Qorﬁﬁﬁﬂfﬂﬁﬁﬂ@ét&e&u dni é\sénopemrra;coaf o paroneaﬁfaweoﬁduaekd a&senbl y.
| 0008| In yet ang t er ({) t he Qresent i nven |on i des a central
' FACTRLT bt

core el enent ef‘B’f’s %"85‘ EPIIT SRPPISES B mﬁf“sconprl si ng

t wo i dent i calsaid spacer elements deﬁmng a cavity configured to accommodate a ﬁrsl poruon ofa

membrane stack assembly.

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

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

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

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

method of its assembly.

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

element provided by the present invention.



hal f -cyl i nder shaped porous exhaust conduits wherein each porous exhaust
conduit conprises an exhaust channel and one or nore openi ngs which all ow
fluid corwonomeaism bet ween an exterior surface of the porasg000:0b@a6t
conduit and the exhaust channel, and each porous exhaust conduit conprises
two spacer elenments, said spacer elenments defining a cavity configured to
accommodate a first portion of a nmenbrane stack assenbly. | 0009] These and
ot her features, aspects, and advantages of the present invention may be
understood nore readily by reference to the foll ow ng detail ed description.
BRI EF DESCRI PTI ON OF THE DRAW NG FI GURES [ 0010) The various features,
aspects, and [dyjarig 3gRestratks 4 fParpoeB bl ddWPhsih®Dcenrhllcole@man didtet er
under st ood when the f.ollow ng detailed description is read with reference
to the acconBEiM MY dPhwi ngs in which like characters may represent |ike
parts throughout the drawings. |0011] Fig. 1 illustrates the conponents of
a convent i on#014ldparhilystraies eyl flein deverse lertosist apparatug 8-k alsPYPONEB012( F' g- 2

illTustrates . iBidflencat F6KdRADS EréefinBRRgd W thin a central core
el ement provided by the present " invention.[0013] Fig. 3 illustrates a

t Y I Si I I t of t t
rvent i on. - ( S1 P GG el Btfrect i STl et B TR

appar at us angresencRunetmake Atepatatoe asantdd. ement provi ded by the present
invention. (00151 Fig. 5 illustrates a nethod of using a central core.

~elenment provigigel BY 4 MRsPiESeMssdROhbRA hidBKE B SBPH &nfhc@msenbdl y.

| 0016/ Fig. 6 illuStrates a pressurizabl e housi ng which nag be used in
conj uncti on With|d SaPasEY AFEMBY RBIBESH 4/ cpBrhsPieSIeANEPreddRd by hecIFENe| enent
provi ded by themphesent invention. (0017 Fig. 7 illustrates a porous
exhaust conduit in accordance with an enbodi rent of the present invention.

00181 Fig. Ll ustr.at : ' j Wit hi
L0015, o R R T A Gy =
of the present mvention, )

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

element provided by the present invention.

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

element provided by the present invention.

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

the present invention.

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

the present invention.

(0022} Fig. 12 illustrates a central core element in accordance with an embodiment of

the present invention.

10023 Fig. 13 illustrates a central core element in accordance with an embodiment of

the present invention. -



| 0019] Fig. 9 illustrates nenbrane stack assenblies disposed within a
central core elenent provided by the present invention. [0020] Fig. 10

i lustratwe 2a100emgmmal core el enent in accordance wth amcCerdseeiomedto of the
present invention. [0021] Fig. 11 illustrates a central core elenent in
accordance with an enbodi nent of the present invention. |0022| Fig 12
illustrates a central core elenent in accordance with an enbodi nent of the
present invention. |0023| Fig. 13 illustrates a central core elenent in
accordance with an enbodi nent of the present invention. DETAILED DESCRI PTI ON
| 0024 In the follow ng specification and the clains, which foll ow,

ref erence w DETAELEmMDESCRIPEIONINber of terns, which shall be defined to have

the foll owi ng nmeani ngs. | 0025| The singular forns "a"', i , and "the"

an
i ncl ude plur ; Ficdidf arPRE S%lnsCl . i Gtiher wi se.
[ 0026] "Cptig%%fﬁmgﬁﬁ@gﬁyﬂgﬁgﬁﬁyﬁgﬁeansg?%%F’%ﬁgﬂgﬁggéﬁﬁﬁﬁgfym escri bed
event or cir fufseanEBbenefiegrs. rhigh shdl be deflned todnye thyellovine mgansresi pt i on
i ncl udes i nstances where the event occurs and i nstances where it does not.
[0027]| Appr ojioasit Thegidgahg age “aasanrsedi fibg aheludehplordgfetinist iress reci fi cati on

and cl ai ns, @E%~?8e§ﬂ9ﬁ%§%or% quify any quantitative representation that
coul d perm sSi 7‘y vary W eHout Tesul ti ng in a change in the basic function

to which it is related. Accordingly, a value nodified by a termor terns,
such as '' ab#i926l “‘Aptoral sohapHenalln] mpans that dhengbsaquents describedeekeloort he preci se

val ue speci f c@@imstacedhay! B ARl nSIQIBUr] M8 IRANRE Foscrd fliSn ARRBES hdRLdsRGelednguage nmay
correspond tqQ the precision of an instrunent for neasuring the value. Here

and t hr oughotlte S ¥bOSHE @n¢ dtaRFOMheEsHH e BPlns, range |initati ons may be
conbi ned and/ or interchanged, such ranges are identified and include all
t he sub-r angé¥2¢lohgpaeNmeding Harguage. asluesisharam tlgrdghout thanspesdgatiannahidcat es

otherw se. [QQeR] A% HQtagglied:TLbe &Bﬁi%if U&Xnﬁ{lkje%g%ﬁ%iigﬁha? &Rt ral core
el enent for a separator senbly, the tentral core elenment conprising at
| east two pop@;gfgssiéwhmstvitbm@@pl{igg 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

élajms, range limitations may be combined and/or interchanged. such ranges are

identified and include all the sub-ranges contained therein unless context or language

indicates otherwise.

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

assembly.

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

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



sai d porous exhaust conduits conprising an exhaust channel and one or nore
openi ngs which allow fluid communi cati on between an exterior surface of the
por ous exWweausto/m@emtduit and the exhaust channel; sai d cerCralS2@oM086966 enent
defining a cavity, said cavity being configured to accormbdate a first
portion of a menbrane stack assenbly. (0029) A porous exhaust conduit of a
separator assenbly conprising a nenbrane stack assenbly may be a perneate
exhaust conduit or a concentrate exhaust conduit dependi ng on which |ayer
or |ayers of the nmenbrane stack assenbly the porousexhaust conduit is in
contact with. Alayer is "in contact” with a porous exhaust conduit when

t he | ayer iSemﬂs‘t icg:uru&ds trDco[h&E:IfTivtlht aangdras “iafcohthert d’ilf‘ll’ao;liﬁr(ﬁdQ&\haﬁlytel’ into the
conduit wi thout rough an i nterveni per meat e
Cehanst condaiidal She Mk el o Phh e S IR e Rt Shast.ne (or b
certai n enbodomieinivihaut ;msrbg tinaigh ay @renening aempranglaganc A erovale eklvatt per neat e

Ty pass oM A)e LIRAL Siuf Bplhhe bAWST/o M Prald\E: AGLATRL ARt condui t.

A concentrate ex aust con } I n-contact carrier | ayer
surface in saaremgrapaiay cmdaosbwcs@maa'a\emnwnp@sesmd\rm frore tfecpetmaster ri er | ayer

into the C0”Ee?rﬂ&rﬁ@sk?m%!ﬂ@ﬁé&e&@@%}éé cor ﬁhfkp&h&Hﬁ‘al@éhﬁHs?rcorﬁgln%Ett Is

pically a porous tube run e separator assenbly,
al t hough ot hé¢ mcf@ﬁ'ﬁ‘f‘g‘ﬁ‘héitf?eér%mﬁh‘?‘eFaW acgyintspghrp ‘t%’éh’l‘(ﬁ%ﬂ‘fFW@‘ed’Pa"tHﬁ@ term

porous exhaugbmGREsy darriek R erGX@ MR @n@nzlr@él&mwdédaa& | YEa9K pr¥@axBdusUCt Ur e,
whi ch structure may or may not be clyllndrlcal ning the length of the

separ at or asSEWRHI S “Qtf?lﬂ‘aﬂlpé“’b'ér‘bqfs “P‘?J%?%ﬁ'?%’h LEIHET ABPHE porous
exhaust COndultHlouglf otﬁ’erkhﬁigﬁﬁﬂ&r{saﬁayﬁ‘ﬂrﬂﬂﬂ @ERRiNIRY dtiedeth Parolshehdusesent

i nvention incl erforat .al. tubes erfor .ed plastic tubes,
per f or at ed c(‘-f\?mtaéf’r'i(?é8 L opaele é‘ﬁ%{’gﬂﬁ%ﬂﬂ” ¥ BLPOV§d; '8?1‘&’%\%’%&?@@ ® MPhd BBr ous
exhaust conduott bel &lindrtcalp eurhmgahe tenfpthitofitse saua’trbmcassmtbly ;Sonah!;spctrmsal | ow

passage of f}]‘t&es “{uc@ma sérpegsnﬁq@'%o:%% é(%% cendlil b 5F£ dle%ﬁl:a'\:?&e gﬁ%e&eed carri er

| ayer into thein orous ex passing froma
per meat e car piogided by ¢he prresend nafeptmnondud;mdgr@ted@@mﬂwbps ipgrierated phas herein

referred t0 fes Bé‘rfd?‘ﬁé’otc%ranﬁﬁ{ubes A& HRELIER e }mﬁdaﬂnénh%ep%rﬁ&se\%ﬁa“t

conduit is referred to as e perneate exhaust conduit i.d_passing from
a feed carri &ndpigyismof parigrajedout drugiTesgnty serovoieclioy Ragsaga oft fuid &romer ei n

referred to @ghef MCRAMEAL Qirridr Whyer b e TRRICAR &F A4v@r » inf thS ii&oY of el NE”) and

the porous porous exhaust conduit.  Fluid passing from a permeate carrier layer into a porous
exhaust conduil is at times herein referred to as “permeate” (or “the permeate™) and
the porous exhaust conduit is referred to as the permeate exhaust conduil. Fluid
passing from a feed carrier layer into a porous exhaust conduit is at times herein
referred to as “concentrate” (or “‘the concentrate”, or simply “brine”) and the porous
exhaust conduit is referred to as the concentrate exhaust conduit. In one embodiment,
the central core element comprises at least two porous exhaust conduits each of which
is a porous half-cylinder shaped tube. In an alternate embodiment. the central core
element comprises at least two porous exhaust conduits each of which is a porous
half-octagon shaped tube. In another embodiment, the central core element comprises
at least two porous exhaust conduits each of which is a porous half-decahedron
shaped tube. In yet another embodiment, the central core element comprises at least
two permeate exhaust conduits each 6F which is a porous half-tetradecahedron shaped
tube. In one embodiment, the central core element comprises at least 1wo porous

exhaust conduits at least one of which is a porous teardrop shaped tube. The porous

6



exhaust conduit is referred to as the concentrate exhaust conduit. In one

enbodi nent, the central core elenent conprises at |east two porous exhaust

condui t s wachioafs49vhi ch is a porous hal f-cy Under shapedPCuhis200005@60

al ternate enbodi nent, the central core elenment conprises at |east two

porous exhaust conduits each of which is a porous half-octagon shaped | ube.

I n anot her enbodi nent, the central core el enent conprises at |east two

por ous exhaust conduits each of which is a porous hal f-decahedron shaped

tube. In yet another enbodi ment, the central core elenent conprises at

| east two perneate exhaust conduits each of which is a porous

hal f -t et r adeextaayd miau;shﬁzﬁeid edcH becurrleﬂite@ﬁﬁmefdémdzﬂ o&8 kleina® haethe glmecor e

el enent conpri easf two .0us exha st condui ts at one of

which i s a o8t SEedlabindi ol O FpBod e Sl sor Aot Sudtreech i oy a

each occur r eneepasbishixhauat coprdir bavirgos chapéd difierehit framentthe meocue eshaushi f f er ent

shapes. In o RTEF e tral I | east one
g%d resel Ihe i ceﬁ&ﬂ c&% de?r,f%{;te lr?ar?d?%r %mG&fm{'l%ﬂ%rﬂFe

por ous exhau aV| ng a.s rent m anot Her porous exhaust
conduit pr esewpuqmhqumos@neprwntmalcernr@k@reedlmhhave the samestshee. enbodi nent, al |
of the porous exhaust conduits present in a central core el enent have'the

sane shape. [(A8804s \sed/F&éln, haé Qhﬂ mmmv&reﬁdm rdd labsemBly € Fefdre ol @béhdassenbl y"

refers to a second. porti n 0 r.ane tac dIS osed around
e O BoTam e B onn el et Al A PR b WERGT T, 2T O
second porti 81& XaladosamderELBZ)lusmrhtei fiest rmmbercamepanasl(zﬂsarelntﬂw ofLﬂ@ In the

enbodi ment shg |n Fha. nd,.Fi la assenbl y
conpri ses thre"ersnercon por fn(t))ﬁ %:9 I'gllheteﬁlboam racr’l“en 's"%llg aélanrsg’?re' §/h8120

di sposed ar omwelilay htemcmbmrreadssembi\ecoabpelmnha sefdnd oo ZBQyJénhermmmbrme assenbl y
conpri ses O“QF&eﬁs‘éefﬁtﬁ\r Nb§ gidpB c]u]n@ nhé tRE DR AL Endnit! rh%rxlnblﬁbé%rs 110. and

two nmenbr ane gers di s ose around e central core enent corrpr| Si ng
two porous eREEbRC WeAMPIN ¢oOMPNSES oamfeedwcan@ééﬁwe”fwnéy PEIMSAtE pArEyAYAst wi t h

permeate car fj{©rank %8 SertdEheS B Y4E AS @ﬂfo@a&@mﬂxh@uc%htrﬁo&dé“efe%em-rhe
separator assenbly 300 depicted in does not conprise a concentrate

exhaust condﬁ?"ﬁpr‘sf‘éé‘i’s‘i]"”s&ésp%‘?‘%ﬂsb?°“ﬁ‘§§gﬁb‘|‘ high; becgysp thex iaffgin £OMBHIYM  core
el ement pr OVbdﬁﬂalb)éaﬁnblelapéreﬁeﬂtsehe\k@rﬁeh@&te”&%alhﬁ chidapar erwle Qypaéqxc&DOSI ng a
first portion 23 %@n(% go}t % rane stack assenb}lﬁ Flg. 2) within
@ Contral  coreeane el RisEhiTied 65 TheT YRR SR TIEATIN SHE hen r bt ati ng
the central core elenent, thereby w nding a second

{0031] Separator assemblies comprising a central core element provided by the

present invention may be prepared by disposing a first portion 231 (Fig. 2) of a

membrane stack assembly 120 (Fig. 2) within a central core element provided by the

present invention and then rotating the central core element, thereby winding a second

portion 232 (Fig. 2) of the membrane stack assembly around the central core element.

As is disclosed in detail herein, the configuration of the membrane stack assembly and

the disposing of the membrane stack assembly within the central core element are

such that upon winding of the membrane stack assembly around the central core

element to provide a wound structure and securing of the free ends of the membrane

stack assembly after winding, a separator assembly comprising a multilayer

membrane assembly disposed around the central core element provided by the present

invention is obtained. Those skilled in the art will appreciate the close relationship, in

certain instances, between the membrane stack assembly and the multilaver

membrane assembly, and that the membrane stack assembly is the precursor of the

multilayer membrane assembly. It is convenient to regard the membrane stack

7



portion 232 (Fig. 2) of the nmenbrane stack assenbly around the central core
element. As is disclosed in detail herein, the configuration of the

menbr ane woaok/|swenbl y and the di sposing of the nmenbr ameTaiSaar/a®senbl y
within the central core elenent are such that upon wi nding of the nenbrane
stack assenbly around the central core elenment to provide a wound structure
and securing of the free ends of the nmenbrane sl ack assenbly after w nding,
a separator assenbly conprising a nultilayer nenbrane assenbly di sposed
around the central core elenment provided by the present invention is

obtai ned. Those skilled in the art wll appreciate the close rel ationship.

i nI celrtai n i ag&@ﬂg&@f‘@%;gﬁ%ﬁ Ehg rﬂﬁﬂiﬁ_{r@ﬂﬁeﬂaﬁ%kasmgnm z\\rmd’. Hl)lfa _ ]
mul til ayer e assenbly, and that th rane st.ack assenbly is the
pr ecur sor oﬁ"l‘f@a H%Ief“?’ﬁ‘ﬁ%‘*" SR a gt él%é'&'e erejn} a @“'thVeWF'BWf‘"eto regard

t he menbr ane astrablk as aentijiediso theniveaund” famdoft bre ofubiel my@brame siickane
assenbly as " N houl hasi ze however . ef i ned
herein a nul ta%’é? ’ﬁ@%? dﬁégr?ﬁ‘?é‘ﬁgmgascgegtﬁ%@miesemr%?b‘cf f)lﬁlertneqecfm% 8}; F'%geos'%gxt)%nd" f or m of
one or nore senyt pomeonstf dekmestgaetsiaciesssanbhposad thd ¢ehiral careclententahaycor e

el enent, as ) i I f - rii.o , nbr ane

st ack assenb%éag{egﬂ%ﬁgghg %eg%r?t?g%k%rbe&quzﬁggtggeﬁgg l(raecer(l;err''gefn ékt’/’gﬁf’% e. A
separ at or as e HEIPEsEHIYLNtON APy gorpRise  Fultidaypramentbsang Assembly EPRIBEFINRA t he
present i nvegidApdoh SRR FdreAndAtridel sBXIE hssETRUTRE ARRIAAREEHBY NroGRNPT i SiNg a
second portion of one or nore nenbrane stack assenblies radially di sposed

around the cifteearal ep slempd i thal tbscampapent membrang)layrsnel the WA | ayers of
the nul til ayefemBRAD LaBMbIASHE TRE Yol A6Rs fof @fea@k. Il HSio® cabRARRS, tlen vari ous

enbodi nents, the separ g}_or as.s.er)rbh% c.orzpri silng th§ uni que ce t_rlgl core

el ement pr ovis'ﬂ’é‘r&l“bfgsteﬁ’ YpfRYEIPS i P AR O R SRR rEEE R 2@8“‘09—" &er neat e
carrier | ayeprekdnoinvgaioh id chagtibrizathbe b permeat gartiérilp@nfidy pah dengrwiidhan t he
correspondi ng per e.carrier |ayer flow path |ength in a conventional
separator as gsesﬁ%lll#i}.g"a&fﬁgo THGE e X?Sﬁ%"db"é‘rpﬁ@éef‘g CEF '?lf‘)eerr oy tr%(?ffnlé’g’w path is
an i nport ant irf actnyentighdl eefaratey asshmblgadihe tenegtb obthetpeenepreassiar kyadop acr oss t he

separ ator asseihl yy ik QA8 ol HKALATARSR"QY) et the

present invention 1s greater latittde Iin the selection of use operati ng
condi tions. Agpamiar|asssmblyneThyspareesft the gnanh gdeantsgesoprarified Yy dhei PEsettn t he art
after readi ngnybhtion igdbRALASHIE inttheseRLfshedttusdfVEpRtaliMcaAliBionOf ALk H
significant advantages in terns of ease and cqgst of o

become apparent to those of ordinary skill in the art after reading this disclosure, the

present invention also offers significant advantages in terms of ease and cost of

manufacture of separator assemblies generally.

[0032] As noted, the central core element provided by the present invention defines a
cavitv which is configured to accommodate a membrane stack assembly. During the
manufacture of a separator assembly comprising the central core element provided by
the present invention, a first portion of a membrane stack assembly is disposed within
the central core element and a second portion of the same membrane stack assembly
is wound around the central core element and constitutes a multilayer membrane
assembly. Both the membrane stack assembly and the multilayer membrane assembly
comprise at least one feed carrier layer. Materials suitable for use as the feed carrier
layer include flexible sheet-like materials through which a feed solution may flow. In
certain embodiments, the feed carrier layer is configured such that flow of a feed

solution through the feed carrier layer occurs along the axis of the separator assembly



manuf acture of separator assenblies generally. [0032] As noted, the central
. core elenent provided by the present invention defines a cavity which is
conf i gur edlot2010z@¢ommodat e a nmenbrane stack assenbly. DurcCmgistéve/os@nauf act ur e
of a separator assenbly conprising the central core el enment provided by the
present invention, a first portion of a nenbrane stack assenbly is disposed
within the central core elenent and a second portion of the sanme nenbrane
stack assenbly is wound around the central core elenent and constitutes a
mul til ayer nenbrane assenbly. Both the nmenbrane stack assenbly and the

mul tilayer nenbrane assenbly conprise at | east one feed carrier |ayer.

I\/ﬁt eri i’i! i suwﬁamomrsf@rahmaeuxﬁ&aﬁMe §@Qfdto€ﬂt§d’rﬁb;ﬁ_sl’ (thea Y&t sﬁr&?él)%er‘lfeh}&%i bl e
sheet-1i ke rials throug ich ed solution ma ow. In certain
crbodi ment s, G REL s i giehyh e REb st o Rt At 1968 of a feed
sol ution t hr eutfice bhehef epaaicranssersiily whgera cgeentateadnengs t(the “acricenuafe t he

separator as §urFt3é gg’rog\r}}!‘eo Qé&q %aﬁne? aégr f'llhr ed cwnFral%\ er (l)rIa\ tcgrﬁpr&ggeéc?{rgr assenbl y

(the "feed sur d carrier Fayer I'ncontg with the
feed sol uti omhszhdrqnmerwmehemtrﬁ@\\mtﬂlasw&wnfdhsmem!aw la)fer intsenteet pathdteor assenbl y

where a conceny Erﬁhé 15/SP4s 3G Reahd &%ré\%ﬂﬂﬁ%%sﬂ%@olﬁ{érbﬁﬁ&ﬁp('h'c&retfoﬁ?&l‘tﬂehe feed

carrier |ayer. feed carrier onprise structures which pronote
turbul ent f| gwmhtang gerfager iy ene embq mrelhbuf%%ﬁecamay@ber i§ coppigdtofii th t he

feed carrier pbayftd ;ﬂ%tx@s}ﬁﬁa%ar@fhepén%&'ﬂ{ehtnﬁhe@é@@zﬁﬁér\lﬁeﬁi@lcb%ﬁhs@dlbﬂ d- up
(accretion) aI t he penbrane surfac?‘ In one e iment, the feed carrier

layer is conpPprédgedmetal spestr Byvgt gt %@op@egqﬁg@?eed CHT '%{rii‘y‘teﬁé?m%ﬁﬁodl ment ,
the feed car mipfout Wosute&na@ra)rlrs\ewlmﬁﬁheaexawdirﬁé’nattheaaae@dxersheets aln jet

anot her enbodj nent e feed carri 0 I ous conposite
material. In {%‘ic fabrist H@r‘ae%g’ﬁ'i TRhe "Teﬂt ¥}feef§ed‘ g‘&i’eF fé?r ip ﬁfg U5 ¥ ) asti ¢
fabric. In ya&he teadtdnder lgnbmali mmpnselde;f fhresgncantenia bs ihayoexmeate caripl astic

screen. The d carr rise terl al as
t he perneat eiaéarr?rlae"rmt'%m[d’k@érr" from tusgd g}%fpferen?eelr?tcarf"r om%hgf used for the

per meat e car rinbedithenyseal seplanlou:esstrab!ms m'dmgﬁmcgmf coseeglement providektanbl i es
conprising t h]% F&B ilentR! e ‘i’ée@@?&ﬂ& 1B, ?Ys'r@?ﬁ’\ Dalt RGP G BAREL dof ?’u‘ﬁnt' on, the

feed carrier layer is not 1n contact an exhaust conduit o

separ at or as$EWPFeparaloo®SIPIY.n cert ai n errbodl ments, the nembrane stack
assenbly and the nmultilayer nenbrane assenbly of a separator assenbly
conpri si ng a|wasjt lnadertQin rembedigwmstthe membrane stack assembly and the multilayer

membrane assembly of a separator assemblv. comprising a central core element
provided by the present invention comprise a single permeate carrier layer. In an
altemate embodiment, the membrane stack assembly and the multilayer membrane
assembly comprise at least two permeale carrier layers. Materials suitable for use as a
permeate carrier layer include flexible sheet-like materials through which a permeate
may flow. In various embodiments, the permeate carrier layer is configured such that
during operation of a separator assembly comprising a central core element provided
bv the present invention, permeate flows in a spiral path along the permeate carrier
layer to one of at least Lwo permeate exhaust conduits. In one embodiment, the
permeate carrier laver is compnised of a perforated plastic sheet. In another
embodiment, the permeate carrier layver is comprised of a perforated metal sheet. In
vet another embodiment, the permeate carrier layer comprises a porous composite. In
vel another embodiment, the permeate carrier layer is a plastic fabric. In yet another

embodiment, the permeate carrier layer is a plastic screen. In separator assemblies



provi ded by the present invention conprise a single perneate carrier |ayer.
In an alternate enbodi nent, the nmenbrane stack assenbly and the nmultil ayer
menbr ane weemal4y97¢onpri se at | east two permneat e carri ePCragerm/o5dvbt eri al s
suitable for use as a perneate carrier layer include flexible sheet-like
materials through which a perneate may flow. |In various enbodi nents, the
pernmeate carrier layer is configured such that during operation of a
separator assenbly conprising a central core el enent provided by the
present invention, pernmeate flows in a spiral path along the perneate
carrier layer to one of at |east two perneate exhaust conduits. In one
enbodi nment , tdsmprpengmf&atpee @&he’aieafarrleaylﬁd’rs it pemmptreics:ed- l@\fersampebé midet ed plastic
sheet. In ang carr %rrprl sed of a

T or at od- et BE Safar SRR riadnlfs BF B Rletord Briisete cpRE ot Tk B v e
| ayer conpri gksicaapar chik tbompxﬂmr permedin cyratr layeotishe natemboaien® stich 4she perneat e

carrier | ayel o Segpl A5 bLidudieldnire Jondf! APURRE BIRHLAE limokhe pereate:

carrier | ayer 1s a pI astic scree n separ at orr asse esconpri si ng
mul ti pl e per matgrids eadifferent loeajienssalonghibe permegteiflew qatty theough thearernesigy be nmade

of the same @fqigl lfafe?relﬂton%h%dnﬁakxﬁ roer(an%?f@"(Pé Sre%?nrﬁ@ﬁt%ﬁ%&ud%@r rier layer

may be a plastic fabric while the another perneate carrier layer is a
natural mat effHR! quie Rlement\wsefil inahseperator psserakly CPBRISHSsT PRIMEAHEFA¥at e carri er

| ayer nmay conged &goklod BIB\KIQEH %Méﬁééa@ﬁe‘i lRbr lgihfpgl%ll@ﬁ&ne“ﬁlﬁﬁt hfAnso@érong the
perneate flow t.hr ou er neat e carr| er er. I n one enbodinent,

| 'ay
for exanple, p?’ﬂ@“%fr‘g‘é‘é‘rﬂe ?R?é’ﬂ‘t“eb'f?ebfscﬂ?ha@g"%Pe(fmral core el ement usef ul

in a separator assenbly conprising a perneate carrier |layer, a portion of
whi ch per meat®3¢lanrdegain [eapedimesss.ahp otryret byt eleereitagypiided ntheameseter portion

Of i Ch_Per §RBhfon G ok Glod Y ipalas RLVBY OEMIERE J BRIE FemfbAierl 1 certal n

enbodi ments, the central core el ement provi present i nvention nay
be used in amsepimeder erskadimanis, dhenganirdi o de@ng?f@"'Mn‘ﬁr B§ePFssfter . I n

certain ot hefefRAdhdVest Red (N§ s&pBRlof alseRBY %oﬁbﬁk'ﬁ%nét 1REONTREmtmet he present
i nventi on may be used in a separator a nprising at Ieast t wo

menbr ane | ay &S Mepbreagiead @ﬁ‘&"%ﬁ‘@?ql%ﬁ’é"%ﬁﬁf P‘&‘BP'@"‘T S‘re“ifg%“ﬁ& MHERbr ane
| ayers are wel khek@owu.§.npdidne N 14,2738, fhlabefipleNaisciésds Wperﬁlwbleexaﬁm e,
di scl oses a se%%gr_mablcgfm ranet(ﬁ‘a %par ed ftr om.t he1 revaiﬁ (ﬂhﬂ
aromatic pol JEPPHES RIEPHES 9B P8 ALY 8k AP IH PHRE AR 81D bt o be
ef f ecti ve i nhalekeartsch las besi fourslyiotbe reffedive &t teeetseadsmosis 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 laver in separator

assemblies comprising the central core element provided by 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 separator assemblies comprising the

central core elements of the present invention are well known and widely available

articles of commerce.

{0035]) In one embodiment, al least one of the membrane layers comprises a

functionalized surface and an unfunctionalized surface. In one embodiment, the
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rejecting sodium mnagnesium and cal cium cations, and chlorine, sulfate and
carbonate anions. U S. Patent No. 4,277,344, for exanple, discloses a
menbr ane woepavwEd7iirom t he reacti on of an aromati c pol yacylush@biose@emmi t h a
bi functional aromatic amne to afford a polyneric material which has been
found useful in the preparation of nmenbrane |ayers effective in reverse
osnosi s systens directed at rejecting certain salts, such as nitrates. A
host of technical references describing the preparation of various
menbranes and materials suitable for use as the nenbrane | ayer in separator
assenblies conprising the central core el enment provided by the present

i nventi on ar durkniaatizetl Guifivese thé n@htﬂianaﬂzyeﬁ}@biekenisnaﬂ heivasihrfact Rf alkedi t i on,
menbranes suitable for use ane \% ous enbodi ments of
separ at or asseﬂg’fm%sa"‘ié%wa'?cﬁﬁn“fﬁeéj %‘é‘rﬁ G 2 hS %“brfmén@ﬁr SBPPRE present

i nvention ar @assst lsukacewn tendembratel yinaanadlfeable eentbodimedte thedfinatiomaieedce. 10035 1
I n one enbodi a
functionali ze %P?%ﬁﬁegﬁﬁf‘%ﬁ-@ﬁn Jﬁ%@?%%@é%@ﬁéu%lg%@e&?n oar?gq%nbodl nment ,

t he | Of unct i enéingtieadized surfaceeoiothe rismbraperiny errrepresagie an rethecsydare Pl ahe act i ve
surface of the HRAD’ #0Garfd eﬁlb&muaﬁy e a&o&kdr&%ﬂ of Ul'%frﬁ&ﬁ)rzglfe 1&@? ifTenbr ane

| ayer represents a passive surface 6f the membrane. In an alternate
enbodi nent, YRy et gy Geft sanes ’@Ter fiesemisaily Afcset 8y &gtard dify esent s a

passive surfmn@g‘smmeommo@mm&qnésaﬁwmé rR¢ tdiaalateadnsmehaam of the
n active surface of the nenbrane. In various.

menbr ane Iayer resents

enbodi ment s, ﬁ%p%@F?‘?/‘E‘rr%?aPS’ce of the menbrane layer is typically in
contact with the feed carrier | ayer and serves io prevent or retard the
transm ssi on [#B6bAgused herein thepblage &t pproosient means nhiegn f'diedt ®oladi’i 6or acr oss t he

merbrane to tebzﬁnp@?ﬂ@@ﬁﬁx%rs%‘( E'ﬁé’mérﬁ%esrlacl\ |aQsQ§1§i> '%? uﬁuﬁlﬂlabgr ﬁbrﬂbr&rﬂe phrase

not in contact means not direct contact exanpl e, two Iayers of
a menbrane staﬁéll@b‘asaj‘éhﬁtil"ycowt wham fharg 1Seﬂyé‘ﬂef}‘@rﬁ¢§r'@%ﬁéb®s§€ér’r¥ﬂ"}/deswee not in

contact when {ef1aé hat thedllo ma@ra}eanmgi doRRicARMVGAR ik BERA89RId Byt he fact
that the two layers are in fluid comuni cation, since in general a fluid

maypass fromP8# é’°f“a‘§}‘§r‘a‘t”0‘°tﬁl"‘r’e°"éﬁ' Earth inieriepiag [aygre (AsSISFdRFraim e Phrases ysed
herein the phmasgtact’ Memd i Aftct coltRaNFof ékamlie Rfakent RRER M the mEAbragxanpl e,
adj acent | ay%{aa ilsger;[\b \e orrnlehe mﬁa]nFa\ ‘er membrane assembly, are said to be “in contact”.

Similarly a layer touching the surface of a porous exhaust conduit , as for example

when a layer is wound around the exhaust conduit, is said 10 be “in contact” with the

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

conduil. As a further illustration, a permeate carrier layer is said to be in contact with

a permeate exhaust conduit when the permeate carrier laver is in direct contact with

the permeaie exhaust conduit, as for example when the permeate carrier layer is

wound around the permeate exhaust conduit with no intervening layers between the

surface of the permeate exhaust conduit and the permeate carrier laver. Similarly, a

feed carrier layer is said to be not in contact with a permeate exhaust conduit, as

when, for example, a permeate carrier laver is in direct contact wﬁh the permeate

exhaust conduit and the permeate carrier laver is separated from the feed carrier laver
by a membrane layer. In general, a feed carrier layer has no point of contact with a

permeate exhaust conduit.

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

may be employed in a separator assembly in which a multilaver membrane assembly
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stack assenbly or the multilayer nmenbrane assenbly, are said to be "in
contact " Simlarly a layer touching the surface of a porous exhaust
conduit ,weofoorderanpl e when a | ayer i s wound around t reTash@wsscssonduit ,
is said to be in contact”™ with the porous exhaust conduit provided that
fluid may pass fromthe |layer into the exhaust conduit. As a further
illustration, a perneate carrier layer is said to be in contact with a

per neat e exhaust conduit when the perneate carrier layer is in direct
contact with the perneate exhaust conduit, as for exanpl e when the perneate
carrier layer is wound around the perneate exhaust conduit wth no

i ntervening liiaiaBy hebdseemrmhm teWdehidt eof elérhtat persnead aeremhaushrmondui t and
the pernmeate.c er. ?carrler aid to be
not in cont acfag\ﬁ{"t ﬁ'sﬁosf) AR éhaéﬂﬁéi?é? p85'ﬂ ghe membfane st y‘ﬁo"? hnple, a
per meat e car comprisingyag feastone feed icareiert lagen, e deast onk fentblaee paeem;ezau at enehaust

condui t and"%%%eagr 9111?1\ [S \lo%d a03?‘2@%%0g’%@?‘ér°5'ﬁ§355f§e$f'§‘§‘d carrier

| ayer by a rane ayeT n gene as no point of
contact w t htwo prspuyeshausteidyiisin acomede that llmetb?yreatmnmﬁ@l@rmoth t he

central. cor e iRl e OY S OEREARERerl RUARL PRefndf Pl oved 1n 2

separator assenbly In a nmultiTayer rane asse s radially
di sposed ar odpfgmededy (fé‘ﬁt“lgélf CEeaYieg: éﬂ%*ﬁr lheAéxeh'sed oh €areaga ‘Q the agvease

‘"radially d'sﬁrRQ@%‘ﬂ"thm%rah@aﬁossaolsﬁﬁﬁhﬂﬁn@(ﬂ[ﬁcﬁ&ﬂ Al ddddrfRTheane stack
assenbly conpri si nq‘ﬁéﬁ | east one. feed carrier layer, at |east one menbrane

| ayers, and PR3 FMRARI0E agsam i'eércol"ﬁg}%'??sc‘?née%l@%oce&‘%&ﬁﬁ et ral core
el ement conphyipsdaig cﬁﬁwpﬂn@asthlgm\@ fpIaed sl % RA USdmbeMB Jasbdntblyi raoﬁpmner t hat

limts the creat r creases, in_.the nmenhrane | ayer ngeneral
the greater e L&@éﬁt'"t‘g \m?"@’ﬁ 1R o ERE S r“’iq@d%gf’ﬁ?’ﬁ%’&e BY<'f ol di ng or
creasi ng, theepgasemt erl8p hieglee lsehlgMOMleoﬁ ldghhxa@ﬂdetdombuhmmctakuecammf ace of the

renbrane, | 098 G TEHREANE AR RN-eaA0% WRIPLEAGALNLEOLL Yoo, Copvent i onal

separ at or ass SI ng conventiona cora’ 1% ent s
typically codgsréese la ¢neg¢ﬂ1l§0dlfmhdebb pankrali ¢<m§/eiemmsnﬂmadl@ bs gengrksgntconpr i si ng

mul tiple fol %eﬁtﬂmtnrée bERERNAPRpdrEY ?ratéﬁszﬁ%bngclohaﬁn %%%W ane |ayer

represents a 180 egree stral ?1'[ al’lg€>t (g rane Iayer can
be descri bed fds ehatacterzed ‘P‘oPde%a% W‘f‘?’e‘é%?“ d?éé‘felsex‘na%'giﬂ@"@fe gr eat er

than about 34QuslRGEREHhe ciralddfe SEHRACHBRAS byltREpERMiARhiidhGhe Rhsaent
provi ded by the resent
to prepare a separator assembly containing no membrane layer folds characterized by
a reflex angle greater than 300 degrees. In yel another embodiment, the central core
element provided by the present invention may be used to prepare a separator
assembly containing no membrane layer folds characterized by a reflex angle greater

than 270 degrees.

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

assembly other than the feed surface. To illustrate this concept, the separator
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invention may be used to prepare a separator assenbly containing no
menbrane | ayer folds characterized by a reflex angle greater than 340

degr ees. W0 ar/@h47e¢r nat e enbodi ment, the central core elPerarstoonsssseded by
the present invention may be used to prepare a separator assenbly

contai ning no nenbrane | ayer folds characterized by a reflex angle greater
than 300 degrees. In yet another enbodi nent, the central core el enent

provi ded by the present invention max be used to prepare a separator
assenbly containing no nenbrane | ayer folds characterized by a reflex angle
greater than 270 degrees. (003S] In one enbodinent, the central core

el ement pr ovagenblpyan feahgughiseas a cylihdetHading ﬁ’ﬁrsbﬁxrﬁﬁ@ﬂ]dtaoseﬁj’nepﬁlff&cea sal t
separ ator asse

ly fo eparatlng alt fro ter, for a seawat er or
bracki sh wat & "Ny ‘b%’l”?“ﬁfat“ﬁ‘é’ é‘?‘&‘ﬂ?r'dég’]’é%‘? °Fg‘e(9blﬁ"‘td5“{z?gﬁedvﬁ‘thl n a
cylindrical [Huglangbr\Wkembly P thikd duﬂh&enﬁhng@mrﬁeéaraﬁsmmmm fized sol ution
and the feed.carrier llﬁg%/g\hﬁgnly at one surface of the se ?“y assenbl y,

at tines ref &ripelgngiyo 4s Wéepaf"é%(dss?ﬂ&f Sy ‘af'ﬂi’ssm a1y
acconpl i sheddyit sSe@lr im@ d BRindeqanmatshty asb ahdyl 4/ fast t diution featetiyy itmdri cal
housing with, far anpl e or askets. which gyent contact of the
feed soi ut 1 of s B Pa el o5 STardPulisd Al S R RO TR REY The Feed
surface. To bf thastpaat@ ddimdlycaondaept nottchﬁa@dmmwrwsmm&cesaﬁﬂbe t hought

of as a cyli ”%%’mor gs‘éhﬁﬁ %u&xb&tsptassﬁ]‘érnfu%ﬁﬁ AOG 3at%?g$gﬁﬂ§u% %&%h having a

surface area erern i e Fadi us e cy der defi ned by
t he separ atosoletmeﬂmrsylhe saparater edsembly supdints en Heirsigueace of ﬂ&éep?aa*@'a of 2prh

wherein "h" ig % HEle w s@%h?éafca&.leﬁa ahglnd&ﬁm Jﬁ?th@%&@&lfn@’n tﬂ§§€g@$fy can by

vari ous neans snugly into a cylindrical housing such that a
feed sol uti oﬁem@ﬁg‘aﬁws@ﬂ‘l brenei sealed R AIREEH gOMachRddREs ISP et unt er s onl y

the first surfé‘ea@auésmﬁo ftﬁ‘eedrssgurfae&ef se))ar%r hhenseparnd pérmeasesrhby and does
not contact the secon gsurfaces of the separat gl asse Iy wi t hout
éﬂ‘gf’%{%ﬁ“ g ol

passi ng t hr ol t HePg 4 aohyiap. enprs e sqpprator @ssgmbly) aitheglistant ers t he
separ at or ass@mboé yr e se;panam ass@ibli asd frehél‘é tal 08 gl (hie dehghObixib ) lesppuradror assenbl y
where the feed carr,ier i S 1.n lution, the
edges of t he %} ?gﬁnngs 'h' l1<pa§sa§%r]f%e1 y© SO?%ﬁn 'sse“?;ﬁQl lffg%‘ “Srcce’r\'/wéc(r?lf\qééhnet act and

t ransm ssi on nefmbtahe ldy e‘eﬂircmgh whicbra wqmm dfhibe feed solusar mxmeamf getar at or

assenbl y by gg%e&?& ?Eg%gigﬁg{nuc{%rﬂlé [%Xx?éf'ate c%elolg\ea e’mqgéd@%ﬂhon lg ?zﬁ&it sol ution

enters the separa
flow axially through the separator assembly unnl it emerges as “concentrate” (also

referred to at times as brine) at the second surface of the separator assembly,
sometimes referred to herein as the “concentrate surface”™. This type of flow of feed
solution through the separator assembly is at times herein referred 10 as “cross-flow™,
and the term “cross-Mlow™ may be used interchangeably with the term “axial Row”
when referring to the flow of feed solution. In an alternate embodiment, feed solution
is introduced into the separator assembly through the third surface, in which case the
third surface is referred 10 as the “feed surface™ Typically, when a feed solution is
introduced into the separator assembly through this “third surface” flow of feed
solution through the feed carrier laver and flow of permeate through the permeate
carrier layer occurs along a spiral path inward toward a concentrate exhaust conduit
and a permeate exhaust conduit respectively. Those skilled in the art will appreciate
that as a feed solution, for example seawater, travels {from an initial point of contact
between the feed solution with the feed carrier layer on the feed surface of the

separator assembly toward a concentrate surface or a concentrate exhaust conduit, the
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surface of the separator assenbly and travels along the I ength (axis) of
the separator assenbly during which passage, the feed solution is nodified
by its combDaotoosd7n t he menbrane | ayer through which a pomrttseednsesshe 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
times as brine) at the second surface of the separator assenbly, sonetines
referred to herein as the concentrate surface". This type of flow of feed
solution through the separator assenbly is at tinmes herein referred to as
"cross-fl ow' comadratibreoftsak m&'séhci’nQBéSﬂvilﬂ nthe P@Q/ ch&eruaedisiimmdﬂhm@ﬂbl y with
the term'"a ferring t olution. In an
s ernate eabatoibh Bl e B akTnE oot Tnel bRl R RS The? oty
assenbly thr tpasgxhgtthaugmmed feedr dagree, layen, wid Cdat claseoncberatdwreadrl&gjnﬂeace is
referred to I ionis
i ntroduced i % 5 e Jsugfg%r(zlt ‘531% %glssenelfﬁ)‘%/Q\h%%|l andum ﬁ b% ﬁ (ﬁ/g{ij;ﬁ# ace" flow of
feed sol uti ohlgbﬂrcenflgwraﬂlhleoffselédla@ﬁ!ers¢a®ialerwyéas 1h¢1@e€f$obwomf per meat e t hrough
the perneate carrier |ayer occurs along a spiral path inward toward a
concentrate godgiURle ©REAN trunan& 8 pemeRAbhadx Ranthits @A Permeaté @SAGCLI vel y.
Those skilled in th reciate that as a f cLsoI ion for

Exanpl o sean e e Prdbbeitd st DR i shietor SEPREY sferteibelt dbtvden t he feed
sol uti on w t lnd émbotimed:, dﬁlsépamtorlaaymbl\ mfavtbb\eseﬂeedszmueﬁme asdemblydorsepar at or
assenbly toward entr u a concentr ondui t,
t heconcent rats?p(%rr??%%sagglop“areersen {e f‘Hon ?re“\%[npesetah%erf ge rn?:cgerdr‘?lg’r Iayer is
i ncreased t htteUgdl Sturfeceamfmcmlﬁnddtaltsbwrmlassem@p gontpingd wthiibp ressurizablr i n
contact w t nybliehol Offl 3okl A%nRS N RARKRLOUER G efiiicCAfilek fhved BVET, and
that the concentrate reac Ing the concentrate surface or the concentrate
exhaust condginnotffansmipeedspitige {rem;theclgedppriaceio ¢ prsmeapebayst coatvibmof sal t
than the seaygRt@ly 4nidn %&s&shﬁr&%?%esfgédu&w 1ayeOR3hacl@e sAl-Rfecapd function

of perneate exhaust conduits an erneate carrier layers nmay be 11lustrated
usi ng the safMeMEpaaEDvhichsmedifis Waﬁ‘ﬁ\s‘@“ﬁﬁoﬂ}é" C‘T’ﬁ‘%‘"& Aeofe "Bffbodi ment ,

t he separ at OkoramedbthéRyd hﬂutibﬁ&dma%et&le&alcﬁméﬂw arnk NadIRndMiyed or
separating sal he feed | ution or,..exa seawater, is

Contact ed-wi Ph hENBEARE SITRAES I h BOTS PRI |oF U APTE h e y

cont ai ned wi abhg the pereasunirzable nOUS ireaghes Thue perapavithe peragsie rdhiyr | S

confi gured S%?fgr 1;1 Q%ac?wﬁﬁ{hg%géﬁor%?{h ,p@r%el:t@}f&ausl conduit, where the permeate
is transmitted from the permeate carrier laver into the interior of the permeate exhaust
conduil. Flow of permeate through the permeate carnier layver is referred to as “spiral
flow™ since the permeate tends to follow a spiral path defined by the permeate carrier
laver toward the permeate exhaust conduit. Those skilled in the art will appreciate
that as a feed solution, is modified and transmitted by the salt-rejecting membrane
layer into the permeate carrier layer, the concentration of salt in the permeate is
reduced relative to the feed solution due to the salt-rejecting action of the membrane

laver.

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

at least two permeate exhaust conduits. In another embodiment, the central core
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cannot transmt feed solution fromthe feed surface to a perneate exhaust
conduit. As the feed solution passes through the feed carrier layer it

cont act s wbeosel4t9mnej ect i ng menbrane | ayer whi ch nodi fi esTarsdoonasysoni t s a
fluid conprising one or nore conponents of the feed solution to the
pernmeate carrier layer. This fluid transmtted by the salt-rejecting
menbrane | ayer, called perneate (or "the perneate") passes along the
perneate carrier layer until it reaches that portion of the perneate
carri-er layer in contact with the exterior of the perneate exhaust conduit,
where the perneate is transmtted fromthe perneate carrier layer into the
interior of bhe‘emeprcmmn evevetpaaseit insemidhlis med%h@\aepzfatqaeﬁsmameombrﬁmgh t he

per neat e carrier | a IS refgrr dto.as. /' s W, singc the per neat e
Pends to f ol Polrst S ureruht f S b, 1p 028 stBraized e ePEF H5er °t ovar g
the permeat e elesbapsivided beltbe preséinmsention islubeidn a sephfa@r ass¢mbly lcbmprppigeci at e t hat
as a feed SOlild nork® p0Bl Ly Bty SRPhbLEBAindE RALhird ARCL N0
menbrane | ayer into thg perneate carrier ayer e concentration of salt
in the per neglementproviddd by themedsent inyention istysed ih @sepasirgssewbly domprsingt he

sal t-rejecti mmat%u@@. ’Rtfpotrag wmrc@fmmé Ap¥er o Qmibodidler®NRe eémd' ment, the
central core elenent provid by the present i1nvention is used in a

separat or as$§¥RtHIMeELANided ﬁg the greppgl envpionBa MEedeiph SRR rfE¥MPYand a

si ngl e concegém@sh e%hmlﬁ,ts ;Sb%lﬂumausl kéhdaits. ah @r Vb rRrBasidmat, thet he central
core el enent $I‘OVI§ resent invention is . used in a se% rator

assenbl y confriial oo%f ?m%’l‘b%[g‘t'd Ay heRresenfiny R AL Used BASERATY 35Ol ot her
enbodi ment , thepriz@ptifoa thiee lodelrgaRit exbaVictadisby the present invention is
used in a separ ator assenbly conprising at |east two concentrate exhaust

condui ts. ﬁ@ﬂ@%ﬁﬁ%ﬁﬁmt SRR drdiediN fro ngh@d’@rlﬁe ;Rés‘éx‘lnﬂ%ﬁh&y the

present i nver[|t| on is separ ator asse onpri si ngl ree or nore
por ous exhauSStUSQQ)'ﬁdGFHaSatoflaﬁfe@hbtWf'@nﬁ)@)ﬂﬂgﬁf?@d Cac"f*@ lzvemtlp an AEsrRE el ement

provided by tRAGdAhERARE cdnth¥&BE @anenﬁpadﬁeéh S\r‘lh@pr%?daﬁfnaén@Bn ASB&ITl Y
conprising fromtwo to eight porous exhaust conduits. In yet another

enbodi ment, £9PaTaLOEATSFRPIY GW@‘SéﬁgérPé‘f{?“‘bPB‘.\??"o@ﬂ"ebV‘ ‘E’ﬁe'“p‘?"é§@ﬁ?d‘?‘ﬁ\}entl on is

used in a semr@h@ﬂ oaﬁesaabény pEaTRd |b§lmegprefeamn2emxen 65 PRA QNS semust
core

conduits. In sti Iyg’ Fwﬁ{eeﬂbd %{rlsn a‘Jf el\ T

or ovi ded by PREMHY S4ERP TSR SR eTELH T, an SERET it HedBnly

conpri si ng f s@rutehr de atwhd embodioernube exhauste etordiuprogded by the presenl
invention is used in a separator assembly wherein the number of feed carrier layers is
in a range of from two layers to five lavers. In still another embodiment, the central
core element provided by the present invention is used in a separator assembly
wherein the number of feed carrier layers is in a range of from three lavers o four

layers.

[0042} In one embodirhenl_._ the central core element provided by the present invention
is used in a separator assembly comprising a single permeate carrier layer. In another
embodiment, the central core element provided by the present invention is used in a
separator assembly comprising at least two permeate carrier layers. In vetl another
embodiment, the central core element provided by the present invention is used in a
separator assembly comprising from two to six permeate carrier layers. In vet another
embodiment, the central core element provided by the present invention is used in a

separator assembly comprising from two to five permeate carrier layers. In yet still



(0041 1 I n one enbodi nent, the central core el enment provided by the present
invention is used in a separator assenbly conprising a single feed carrier
| ayer. | rwarnoali4ed7mat e enbodi nent ., the central core elPemarstooossssded by
the present invention is used in a separator assenbly conprising a
plurality of feed carrier layers. In one enbodi nent, the central core

el enent provided by the present invention is used in a separator assenbly
wherein the nunber of feed carrier layers is in a range of fromone |ayer
to six layers. In another enbodi nent, the central core el enent provided by
the present invention is used in a separator assenbly wherein the nunber of
feed carrier axiomeembddsnénm the ceanrglecoad elémennplowded By e present invemionaijgers. I n
still another cent.r.a rovi de t he present
i nvention is uege ﬁeﬁa%m dé?aeg}bgt°8P‘P8§2%%’1‘£}‘%emﬁ$ef"é’f%"”Pﬁ“é“r%’“r%%?e if feed
carrier | ayeighadiy ofl dnoiifif, i czrn@mOEJm&%nl FRHGES) th e PlEnc R4 [0042] I n
one enbodi nent, the core el enent provi e present invention
is used in a'Ss*éfﬁa'F‘a‘tSSlPaf?a@fsaéﬁ?me EMPHIS? ﬁgg'an@mh@pe% r Wreat dteggdier i er | ayer.

I n anot her egRBSH A& tthe éeheaneeaeteie?denpasﬁde«altﬁrm@ére@mm&lﬁ@h RMsddg aPr esent
invention is used in a separator assenbly rising at |east two perneate

carrier | ayef@aaiopassemblycampRging é‘Hfi’éHl“ﬁIS‘"rﬂ"bfaPﬁ YER n'P 8¢ ephodinest. divent

provi ded by téh@alofSRitiend ﬂ?U\QdUdIW%d presthl @flehtdn & BEPRAMALFURISRABlY
conprising fromtwo to siX e@gg ﬁ?\carrler | ayers. anot her

In ye
embodi ment, EHEPTEEAL YA 186y *Br Bv Fyel® Va‘f%ea‘f)?es t"PH¥ention i s
used in a sep:abcmtmm aﬁs&nﬂa&l)cone&mnfehspm\gde‘drmrrhet mesehtonfdnum passatae carrier

| ayers. Iny entral. core el?eTgent provi ded

by the pr esegetparla{r(l){/%sﬁ?r}%ghcompnsm girjl Th'e @%m%?ngﬁ B4 ﬁvﬁfﬂemb PR ng from

three to fouln pél peche eaehodiment, | the) gerdral F@@&&lmmh pcmeleérﬂyoﬂic neesent t he
central Corem‘%{e{g‘%}?%tusw avd SQanathyasgemB R(r%?ﬁ%&e nUMﬁé?tok%mFr%né‘ﬁﬁ |sh @

separ ator asse conpri si Sl ng rane n an ternate
enmbodi nent , t%rae&emf igm thige @embenem erp foofphigaemttsgnet lgpers r Ergewmbesfent i on i s

used in a se%ﬁ%@éna@éssemew‘@aﬂwrép%mgax%thbeaﬁ& sm@emcq@r@w&yers I'n one
enbodi nent, the central core el enent provid 9%00 resent invention is

used in a seB’zS.’P'g?%‘P‘ *a%%ee%@yasé%%‘rmpﬁgw V‘Sﬁ"r“ﬂ eéh theRfesEY t o0 si x
menbr ane | ay@iéntiohn anot her enbodi nent, the central core el enent provided
by the present inention is used in a separator assenbly conprising fromtwo
menbr ane | ay @044|t Refernrg tor#ighrl athe figary @émesents the components of and method of

making a conventional separator assembly. A conventional membrane stack
assembly 120 comprises a folded membrane layer 112 wherein a feed carrier layer
116 is sandwiched between the two halves of the folded membrane layer 112. The
folded membrane layer 112 is disposed such that an active side (not shown in figure)
of the folded membrane layer is in contact with the feed carrier laver 116. An active
side of the membrane layer 112 is at times herein referred to as “the active surface” of
the membrane layer. The folded membrane layer 112 is enveloped by permeate. carrier
layers 110 such that the passive side (not shown in figure) of the membrane layer 112
is in contact with the permeate carrier layers 110. A passive side of the membrane
layer 112 is at times herein referred (0 as “the passive surface” of the membrane layer.
Typically, an adhesive sealant (not shown) is used to isolate the feed carrier layer
from the permeate carrier layer and prevent direct contact between a feed solution
(not shown) and the permeate carrier layer. A plurality of membrane stack assemblies

120 wherein each of the permeate layers 110 is connected to a common permeate
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In still another enbodi ment, the central core el enent provided by the
present invention is used in a separator assenbly wherein the nunber of
menbr ane wayerw4i1i n a range of fromthree nenbrane | aperasta@9ofnsdso
menbrane | ayers. The nunber of nenbrane | ayers may be directly proportional
to the active surface area required to be provided by the separator
assenbly conprising the central core el enent of the present invention.

| 0044| Referring to Fig. 1, the figure represents the conmponents of and
met hod of maki ng a conventional separator assenbly. A conventional nenbrane
sl ack assenbly 120 conprises a fol ded nmenbrane | ayer 112 wherein a feed
carrier | ay'ercarihé:61aiei lsand\abmm&dneﬁ \t&ﬁé‘mﬂ‘oh@ ﬁemﬁbaiaad\uﬁﬁt edndtine1§ &l ded

menbr ane Iayer rrbrane i sposed uch t hat an

T 12 d
ot Tve'si de” CinbRt Suth Ten STty By VAT o el RARREE R8s TS i o
contact w t h pedmeate exdchuxt apnduirl 18 aymrecﬁ&ﬁlzmﬁndabé tevidtast wWeundfstridnge menbr ane

layer 112 is @ro&ﬂ? %]g({e %ipﬁ%ﬁ faegog\eeﬂgé/ngﬂrs%ﬁqé&r gse%'ﬁ) 'mﬁe%gﬁxeﬁt?o%al of the

menbr ane | aye _ rane S envel neat e.
carrier | ayerpsm@at@ewmccmdarﬂ 1 t&empases opaings HBS 10 mmsfhnﬂmmmvnfcmgmr e) of the

menbrane 'ay%Et\\%ér?thé ?rex'n@at&&fﬁ% £ Lonthit &fﬁ&ﬁ%mtc%m h Erﬁ{eaIL ?ﬁ’rﬁ&s 110. A

passi ve side of nbr ane aer I's at tines &n referred to as
"t he passi ve“’é&frlflélcés thsmeﬂﬁ@nﬁﬁ%ramblpeayﬁ@r“ouniwpwulpeypermteewh@sr i ve seal ant

(not shown) icsnduR 898, IR lef&! MER delifed( 5 ARk FoRTel nRMblAY Rferf NG rxrﬁrb&h&er neat e
carrier layer and prevent direct contact between a feed solution (not

shown) and t 18O f8FFkat e carrier | ayer. A plurality of nmenbrane stack
assenbl i es 120 wherein each of the perneate |layers 110 is connected to a
common per nedd0d8lRelerang lodfye 2, fidite 2arepresehia ctossaettionaienomnadioino 260 ofper neat e

exhaust condyige Lhfo] 53 Eel"‘@gz’}gerﬁtfr&‘ég%hﬁ DGerfiy E}jﬁﬁiﬁo%%ﬁ%a ARSI UYofe 118, for

exanple by rotating t rmeat e aust co In direction 122, and
t he resul t antlewsn r@mpnsing tyer porpys exppisopniduitselBy(alse aefeded © 35rrsynadls a

conventional 3a0a%aAMs ﬁ%%%@l% a;ghr?dﬁ&f‘é’d%&td QPthe BEIERALSHEIRNSt condui t
118 conprises openings 113 permt fluid comuni cation between the

per meat e exhddQt and3riergnd P%‘ﬁ‘rﬁ?@l(’fﬁ‘f@eﬁ‘i‘?tﬁ"? Heckaowimbh |98 diseegedowdsider i er | ayer

11 1. As ther mnkh@deost a&kmsmemfste@nwneoswndemrmr@ack heseRBryTEAt €
exhaust conduit 118, the refl ex aqg}l e d fined by the fol ded rTFrrbrane | ayer

112 appr oac h&Paip tlbe eﬁrglgse\ aust condiiits 18 (permeate exhaust conduits 118)
ceniral core element. The membrane stack assembly 120 illustrated in Fig, 2

comprises 1wo permeate carrier layers 110, two membrane layers 112, and a single
feed carrier layel" 116.  Rotation of the central core element comprising porous
exhaust conduits 18 in direction 222 affords the partially wound structure 240 shown
in figure 2b. Partially wound structure 240 is obtained by rotating the central core
element of the assembly shown in figure 2a through a 180 degree rotation in direction
222. That portion (the second portion 232) of the membrane stack assembly 120
which is wound around the central core element becomes the multilayer membrane
assembly of the completed separator assembly. A separator assembly 300 (Fig. 3) is
obtained by completely winding the second portion of the membrane stack assembly
around the central core element and securing the ends of the membrane stack
assembly. Note that in Fig. 3 the porous exhaust conduits are labeled as permeate

exhaust conduits 118 since they are in direct contact with permeate carrier layers 110.

10046} Referring to Fig. 3, the figure represents a cross-section view at midpoint of a

separator assembly 300 comprising a central core element provided by the present
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| 0045| 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 wot2hion4g97¢ent ral core el enent conprising two p@COAS2@2/05950
conduits 18 (also referred to as perneate exhaust conduits 118 since they
are in direct contact wwth the perneate carrier layers 110), and a second
portion 232 of the nenbrane stack assenbly 120 di sposed outside of the
central core elenent. The first portion 231 of nenbrane stack assenbly
separates the porous exhaust conduits 18 (perneate exhaust conduits 118) of
the central core elenent. The nmenbrane stack assenbly 120 illustrated in
Fig. 2 corrpri.rse.axoh\Nse;faﬁ-ndmag‘emb@aoo b@ﬁprlsétyaefesmilk&e e'léhiéntr’&bmpﬁﬁﬁge“\ioayers 112,

and a single feed carrier % [1' 116, Rotati o\g}éo th cFlgtrg. core el enent
conprising p8FBEYe & Efs?°“8‘8 dUfi®t gachgpermealy PR SAD t fPEE Phe

partial | y woinmeios ichangél urne akéQu shesherein réfhrgadne ag lexhad@rdharalel y19woThed structure
240 i s obtali Q?rﬁralw roglgﬁ@(rb] ao\bq(‘a "(;el_nl%t §I isC¢ rogne%i rect of %&g a‘.%anbl y shown

in figure 2a‘throuy egree rotatron in t portion
(the second pmommmt@BQﬁrsmfponhe qﬁelnmlabreneszt@dskasmﬂ’énmwmgm)mhﬁ@h i s wound

around t he Cgiésg%g? &%k%ss%hﬁg'%n%fn BRE BB Sed A gér uéyzféB p ;Eiﬁexasse”b' y of

the conplete ator ass A separator assenb ) i's
obt ai ned by dopplIlél ang twg mhbrgnetlmeer%bl@om mEabrang Y ere lﬂhéemm aﬁﬁ’e sl ack

assenbly ar oygdetafe F\e@cmeﬁ@ér I&@Fﬁtﬁ%‘\@m@ E&rm@ﬂgc&x@@rmﬁx eRA 16 heheEReReaf the
menbr ane stack assenbly. that in orous exhaust_ conduits

are | abel ed é&aﬁﬁﬁﬂ@at‘%'wéﬁﬁs@“‘%ﬁﬁfﬁle{e@e’ff@ ?P‘Hé‘é" PhaJrsapatioh?ii rect
contact w th @&k RALELE MEmbrahe dRY @8sdmBit0.A Jee&\afpbmeefzez (ﬂgﬂl@ za)tbflﬁteg 3, the

figure represe r 0ss- c ion view at m dpoi tor assenbl
308 conpr PS| H&"’éﬁ’ae%ﬁtf‘?“a‘fss Oé'F‘% ‘l‘b‘FbWﬁgG"%Vs‘f'ﬁ@ a‘rs Went i on. d

Separ at or as siendahiyal 3&@ e(mnsptrl Fas 3ahcentlealy tconie feédcmemidr menpmosmng t wo
per neat e ethﬁ‘it con rmaa&e exF}'aust conduit 118 defining

an interior ‘ﬁ“névl1 Lﬂée a?fihg %['get%fer% duits 6f fhic permedle Caer |

erre eXR3ust channel
119. The cenflhalendsoofenerhtearerstack ssambly n129|aga seBured “sthcmdmasmde)hﬂnﬁng a cavity

whi ch accomwgg%gifﬁio{ziﬁ(ﬂs ng%.rfs(é?ﬁ lﬂlfe o?sE@;{ifi% ?all%taa&#ab?eség{fggﬁé?hlzo (Fig,

2). The nenbrane rises one feed carrie 116. two
per neat e car is¢alsrthe a&l@fﬂ@stm@lea@rﬁdm@ yeraeriie dwe adiggpat membrane logs Idnbr ane

layers 112 b%algmﬁu\ép@ﬁ@éina%mmeﬁgae of B8 Qef@idr SlentbRYRI0. 1R @R t he

permeate car rslar?arcel (? 1§£ ?eparalor asﬁs_embl\ 300n51u§treated in Fig. 3 is wrapped in tape 340,
Also featured in the separator assembly 300 illustrated in Fig. 3 are transverse sealant
lines 325 which secure the innermost ends of the permeate carrier lavers 110 to the
permeate exhaust conduits 118. Transmission of feed solution from the feed surface
(See Fig. 4) of the separator assembly 300 by either the permeate carrier layer or the
membrane layer may be prevented by the presence of a sealant applied near the edge
of the membrane layer and permeate carnier layer. Typically the sealant is applied to
the passive surface of the membrane layer 112 which when contacted with the
adjacent permeate carrier laver the sealant penetrates and seals the edge of permeate
carrier layer. The sealant does not typically penetrate through the aclive surface of
the membrane layer and thus does not come into contact with either the active surface
{not shown) of the membrane layer 112 or the feed carrier layer 116. A variety of
adhesive sealants, such as glues and/or double-sided tapes may be used to secure the
ends of the multilayer membrane assembly to one another (sealing portion 316), the

permeate carrier layers to the permeate exhaust conduits (transverse sealant line 325),
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exhaust conduits 118 of the central core elenent are separated by a first
portion 23 ! (figure 2a) of the nmenbrane stack assenbly. A second portion
232 (figuwe Bm)yo4ed71t he nenbrane stack assenbly forns a malrttisb@ymscoaenbr ane
assenbly di sposed around the central core elenment. Fig. 3 shows clearly
that the feed carrier layer is not in contact with either of the perneate
exhaust conduits or the perneate carrier |ayers. The ends of nenbrane stack
assenbly 120 are secured with sealing portion 316. Sealing portion 316 is a
transverse line of sealant (typically a curable glue) which seals the
outernost perneate carrier layer to the two adjacent nmenbrane |ayers 112.
-sai d transvemmﬁthbiedgrs bﬂmninﬁegqbtd’ne ldyes ghd p@inedih ears@paestioonaandrbhty 300. The
third surface"’ t rat or asse in.Fig. 31is

wr apped | 1t TBdeiok 85T EPEruRE R Y B BB Fisod
illustrated iM?ﬂﬁld@eDBSOa,rmge saimpvdenat $2@| avito feated iBRIS. HvaiecdapsiBur e t he

i nnernost en t S e exhaust
conduits 11S(gasll?%‘nlé?n&ggf%ﬁg%f&fl%gg Asro{) %?%'ﬁﬁ\f 3r0(1§)m]}9‘d ﬁgtepﬁbgbggédr ace (See Fig.
4) of the sepaiiaver mgmbianhhsgerdt) dng befweerethe tpadiope pintha tpermeateraxkqusy ayer or
the nmenbrane chayes aelde nﬁnm@m@mqnebagsérm Pl SREUME Be QI)te@trﬁ?ﬁ’:E%%s appl i ed

near the edge of the nenbrane | ayer d peérneate carrier layer. Typically
the seal ant #llsEgsyst indde thareme! prasesi %‘e“"s'ﬂr"?&??é egpodipentioffiesteartiafer 112

whi CP w{wen C(afjs&asﬂe?dodtﬂﬁishgmé%ez@ﬁﬁl &Qea&mfﬁﬁmaé@mf;srb@m ihw)i€dn, arhale stealjant
penetrates a seal s e e erneare_carrier ayer e.seal an oes
not typicall 3“’%‘8’ é"teh9 3?§Eéh°é\f‘t InvEe st hps, beeny ‘%3‘?5“%9%?*&% | ayer

and thus doeurpodes 6Dtm& dnmﬁmﬁomna@pwzxkprabﬂtheﬁ séﬂaauca&tsemehw\ft&ce (not
shown) of the.nenbrar d.carrier A vari ety
‘of adhesive §lé'3’|“§ﬁ{§ Fg' %ﬁ‘eﬁpb‘ é%p %?%1\8’71 ?gdgﬂbsfegla%ts %&Mqé{%e QB be used

t o secure theecabm@sadbésivichenlamis| gndltlmgidee nenbr ane assenbly to one anot her '
(sealing portion 316). the perneate carrier |ayers to the perneate exhaust
conduits (tr H04TicReferring 4 Bist 4 hpdiseR i, rapresenth sideggedevopl & lipirandlonT ane | ayer s

and perneat e [G@fké bﬁﬁosls%?ﬁd’ raiud 8000 pANRYE m@rse;ﬁﬁmclrr&?seﬁmﬁﬁ@oﬁulﬁxfsﬁﬁ@d fand the
concentrate surface of e separator assenbly (Se . 5, Method Step 505,

edge seal ant Fig éifpheoreprigipg a,&F“o‘B‘l fUaelsmen 4r0 pieyiged @ QP@’%S“"@@"bet ween t he

out er SUFfaCﬂh@fs.pliahﬂoﬁQ@%fs@b%os%sﬁ)gifﬁlhéM@ﬁ&ﬁ@ﬂﬁbsQLHe&{rim’Sésse]nﬁMeBOOOf t he
t he t he perneate

mul til ayer nenbrane as and ns

exhaust condﬁ?cf’? ﬁg?sggnﬁ{l%t‘? Pé%efsuﬁé Hsé“ga@ ehﬁﬁq\ﬁl 40813]5‘% RGU néf be not ed

t hat the gapgassage of feed solution through the apparatus 400 by means other than the interior of
the separator assembly 300. The pressurizable housing 405 comprises a feed inlet 410
configured to provide a feed solution to the feed surface 420 (the “first surface™) of
the separator assembly 300. Numbered elements 422 represent the direction of flow
of feed solution (not shown) into and through separator assembly 300 during
operation. The pressurizable housing 405 comprises a permeale exhaust outlet 438
coupled via coupling member 436 to the permeate exhaust conduits 118 of central
core element 440 of separator assembly 300. Direction arrow 439 indicates the
direction of permeate flow during operation. Concentrate (not shown) emerges from
the separator assembly at concentrate surface 425 in the direction indicated by
direction arrows 426 and exits the pressurizable housing 405 via concentrate exhaust
outlet 428, the concentrate flowing in direction 429 during operation. Figure 4b
shows perspective view of a central core element 440 provided by the present
invention and present in separator assembly 300. In the embodiment illustrated in

figure 4b central core element 440 is comprised of two half cylinder shaped tubes 442
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illustrated in Fig. 3 are not present at all in various enbodi nents of the
separator assenblies conprising the central core el enent provided by the
present iwoentommg7iand further that the size of gaps 328CTrusen9iosskd g. 3
has been exaggerated for the purposes of this discussion. Any gaps 328
present in a separator assenbly may be elimnated by filling the gap with
gap seal ant 326. Gap seal ants 326 include curabl e seal ants, adhesive
sealants, and the like (0047J) Referring to Fig. 4. the figure 4a represents
side-on view of a spiral flow reverse osnosis apparatus 400 conprising the
separator assenbly 300 illustrated in Fig. 3 and conprising a central core
el enent 440 pidovddatinhys the@erpeme extaust Borbits A8 .in aapaaﬁpéssmblsfjm/vmeverse
osnosi s apparat u 0.co i se tor senb Q secy by
Gaoket 405 wPLH 40 3 SR 135 Be Bent AREI B Rt Rl b 855, ovent s
passage of ferabhlleopposwertdhhmegheeaermhwpathslsre@ﬁéh i1 resiamsspogtihier t han t he
DLert O (O IRRRARAHELIAIENRY X pBR o HlIR BESEHLRARLE OURENT 407

4 ure

corrprlses a con ‘? I’OVI ution to the
f eed surface4‘ﬂ5Q)OT(\QShé|\ﬂ'|¢d indhe asuy Ia@@y'eslat@ihatmp@ep@lc exhoust geuitet4d 300.

Nunbered el eggnisg h%gezslfgﬁlw g3RRht duiBuRl W&rk %re@gre U\*@P{\’di‘?iferefuerﬁf?nbx%ﬁl ution (not

shown) into and through separator assenbly 3 during eration. The
pressuri zabl @rN&wm?gewﬁsuwff?ﬁ?sme@as E@F‘ﬁ@%%‘a@kﬁ%@“ Mefised38 coupl ed

via coupl i ngs;rﬁeéftwmeﬂt?)mt@xmepeﬁma&emn@wa%espmuwh&ealJp&n%:ecent ral
core el enment 440 of segar ator. assenbly 300._Di w.439 i ndi cat es

the directi ofM3pst FRIIHEATALOMPHTES A ShAcH §leBlsRIrAT F‘d{\eec%% g"éﬁ%‘; gf’%“(‘ﬁﬂt shown)

ener ges fromeérbelan@pninad, Or Spasds edldphantsaddec amic a4t dafir 5 Wwatiacesot2hichn t he
direction indicated by directio rrows 6 _and exit essurl zabl e
v v o5 SR s b GobR T o Bt PrAR SR Rk HERBREREHT | 2o0he |
direction 428igdRAl rf@cmpbmmexhﬁsgmmxkbi@hmdvs}tlrpemmpecstowmngm B% of a

cent ral oor oy gLy AA9AL A BSnBY AN RLSFRDbeINEDEAAR AR, R esent i1

separator asse ment ure 4b central
core el enent cam@t 1\1311 tdermemiesedamier kavgs ita e l@?ﬂquridl‘é(lh%h‘élp@dCl‘tam!ﬁé)sof442and 444

serving as tfig RElARARE AR AR Bk & SCRAAL OF chpacERl y 300. A

one end 445 of central core el enent 44 per neat e exhaust conduits are

cl osed and aelempd 48P prsdiackedeqt gnd #5. fav %%@%@(W&Wé’? theprarfrieSXBAYE open. (At

various poi Nggnduifls & binRiredtidRdl O Wiréttion BH Gh&@seslir@NWdreOdlerfenp & @Upricsghaust
conduit is referenced as ele

within a separator assemblg%()(g used as shown in figure 4a.
[0048] Referring to Fig. 5, the figure represents a method 500 of using the central
* core element provided by 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 a porous exhaust conduit 18 (118) and applying a bead of glue (not shown)
along a line 325 running a length of the porous exhaust conduit and thereafter placing
the permeate carrier layer 110 in contact with the uncured glue along line 325 and
curing to provide the “first intermediate assembly™ shown. Method step 501 is
repeated to provide a second “first intermediate assembly™ essentially identical 1o that
shown in step 501. The portion of the porous exhaust conduit referred to as “a length
of the porous exhaust conduit™ corresponds to the width of the permeate carrier layer
and to that poriion of the porous exhaust conduit adapted for contacl with the
permeate carrier layer. As is apparent from this example and other parts of this

disclosure, the length of the porous exhaust conduit is typically greater than the
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445.) Those skilled in the art will appreciate that the perneate exhaust
conduits 442 and 444 have slightly different structures and are therefore
gi ven di fwenemosmrnbers for the purposes -of this di scusecons2losqsper meat e
exhaust conduit 442 conprises a spacer elenment 446 at the open end of
central core el enment 440, whereas perneate exhaust conduit 444 conprises a
spacer el enent 447 at the closed end (445) of central core el enent 440.
Spacer elenments 446 and 447 define a cavity 450 whi ch accommodat es the
first portion 231 of the menbrane stack assenbly 120 as shown in Fig. 2A
Each of perneate exhaust conduits 442 and 444 conprises openings 113
t hr ough whi clenpiirafaidt @ontidy of alss pdrow@nexhiist sandiiaedapel fohenper wakitiie exhaust
conduit in contact w.th the rmeate carrier layer into the interior 119
(the exhaust pgﬂ‘ﬁ?‘fﬁéﬂ‘erg?yef'hé‘ggé‘}p}?@t‘t’éhee%?ﬁc’é‘ﬁg’}ha(‘%%ﬁmu{‘ Isloneer el Wene per neat e
exhaust conduwiutidavef negtbranal aseamrbly elisposedtardubd are tileosdpadioatasemtily445. f 1 ow
of perneate h r - , ] g S L0l At onal in
di rection 44gmmﬁ%§ﬁ'gé'geen(i%?tg¥ cé%%%%g éﬁngﬁ(?etdibg%(}g&n%s%ﬁgé%nhvjé}f ﬂtlthrallegowéog'par at or
assenbl y 300olthedorys exhaysh condult pdapted faraconpgOu ] thRedraeste pagrierdaRr &5. 5, t he
figure repr es6Bks i lthhiledy B8R Blovided Rein bBeifEof Alanbl ipselsfislanks Pr ovi ded

t for making th nbly 300

by the prese I nventi on e separator asse shown in

Fig. 3. In ackment | Heinfae st Bt Boton of e parpusi eyhassiopdu not adeglsfilery i s f or med
byprovi di ng ol QUIS e pbraieak ceandaet mhBnd bd pdiBls RB&h1 P tdpdRbodoRead of gl ue
(not shown) al onig a line 325 runni a length of the orouglmexhaust condui t
and t her eaf t &"U9f SlemEYs Wee*ﬂ@Pﬁgtﬁigg@&?roip ngs Syt elemeits A1t at A4 with the

uncur ed gl ue fatuesddn IFigne an@ bigan@l Mudehii einboddh@is sfahd presenf inteatior Mher medi at e
assenbl y" shown, hod step, 501 i s .repeated. to provid second "first
Pt er e at e PALEL D IF-Pds Rl reytr BRE TFe 18 PR SRl FREep 501
The portion ofmthaepenaysroaxhaust conduit referred to as a | ength of the
por ous exhaust conduit" corresponds to the width of the perneate carrier

llayer and t 0 god8it inRQEdn® thefhbod LRF 5B0 0 kInE 1A 1S RGN isgHGRIgd Af OF cont act
with I he pernmeate carrier layer. As is apparent fromthis exanple and ot her

parts of thi &eapeps Breir'd2 hpvigg aachasugpeet(RY spy ged apasivstur@em@ei t i s
t ypijcal | ydgr eiai“a? ist fhated H‘kﬁi‘)hﬁag\tfihﬁh mré] fitsh alterPedidte @erdbly bhlﬁlet_ﬂi&[ agss@Exhaust .
conduit adapte or contact_ w e . permeate carrier layer. And typically,
t he porous ei?fgﬁ'éaf the BEP f"’fag"'{“?)tﬁb@?“hoﬁﬁ‘ﬁ"{eﬁ‘ r a’t‘irﬁé%/’él"}/‘f?é}?ﬁlr‘ﬁ e assenbly
di sposed ar ouhecpeinteaicrtairieclage 1 a0.aTly masiaatelibyer 112 is positioned such that it is

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

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

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

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

layer is coextensive with the feed carrier layer.

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

intermediate assembly depicted in method step 504. The fifth intermediate assembly
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conprising the central core elenment provided by the present invention. That
portion of the porous exhaust conduit adapted for contact with the perneate
carrier ageniovm4gorous, for exanpl e by being provided wcrhise@enseygs, for
exanpl e those shown as elenents 113 in Fig. 4. That portion of the porous
exhaust conduit not adapted for contact with the perneate carrier |ayer may
not be porous except with respect to flow control elenents for exanple
baf fl es and openi ngs such el enents 714 and 1001 featured in Fig. 7 and Fig.
10. In certain enbodi nents of the present invention that portion of the
porous exhaust conduit not adapted for contact with the perneate carrier

| ayer is not dgneius methdd 48y sdsrfezaursea:mé}dbraf&tsimdaﬁérﬁtp\ SBPcomprising ared

t di at nbl A nmenb 112 h t
sur face. (not "Ehanry il AReRaieDen dvy BB o R Qi) s Bl SBRAR " cont act
with the fi rsamerria\ersrremeaﬁl‘da iaseadinleyasedmbiyetHood nﬁh@;ho&@&p SO0t khotveat t he
D ot LGP pdGH oMy Y REerf TIPSl Shir Bk cbid SRABHACE Wi LD

the permeate cafrier’ayer a er I'S p05|t|oned such
that it is bryemisied ngyous lgmausi@pnwisd&rﬂb&d,tarwamcoqdowm exthemsaneconduit 18

( 118). [00591Lck'arslseﬁabkhl'zbqnsé@sm.&to‘me%%al Grd ik I Nternedi ate assenbly is

formed. Thus a feed cCarrier layer 116 is applied to the second |nterrred| ate

assenbly sho od ste such t at the fe rrier isin
contact w1 hse e EEfoneideeant atteepliy 2b wlitash rpigiunl %5 ang | o
coext ensi ve Wiohgheach edg]e(wﬁﬁhbiane Bvérauz ﬁﬂ’lcdh’&blh@dl thié ﬁepmﬁﬂdcarﬁerﬂ(}laf toh

i nternedi ate ﬁ. ?@r Nﬁ.mt meglapeaﬁ%efn'musTge ?é,%%ggmt 3oy er 112 is added

iothe third? paeldse y “and in corﬂlact wth Yeed carrier
| ayer 116 suslkrfathatol sl’mamaof membse fagere leoadgs bealan) pepdheatdsaheradipeatne | ayer i s

in contact \Nlp&h}]gnpﬁar;] u?erenli y&,rg(hjo}%g%glthe second nenbrane |ayer is

coext ensi ve rler In a fifth method step 505,
a fifth internedi ate asse I rst |nterggd|ate assenbly as

depi cted in MK asfeéﬁm%oliet%g 'R ﬁ%ﬁf&eﬁw@“w&w{ khej HYB REEReARE assenbl y
depi cted in anthad (sdoapfehbitio athig fsedohd pbribrETomeiki rﬂéxﬁxﬁﬁ?s&ﬂlbhﬁﬂdﬁ&m xted in

met hod step 505 feature menbr ane, st ac{g1 assembl 20.co pg one f eed
carrier |ayef™ d“%gsaéod‘"%g}ev%@ €8S R Rlee %gh q548%5 rr@ % per meat e

carrier | ayeMsndiighthe ecbddpartidneal Mnaht&msmemﬂsgmmyhmmd the paptriladrest ep 505

shows a element is carried out while the edge sealant is in an uncured state 1o allow the
surfaces of layers of the membrane stack assembly some freedom of motion during
the winding process. In one embodiment, the edge sealant 526 is applied as part of
the winding step. The structure shown in method step 507 (a seventh intermediate
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
second portion of the membrane stack assembly around the central core element to
form a wound assembly, and then securing the ends of the membrane stack assembly.
The ends of the membrane stack assembly present in the wound assembly may be
secured by various means such as by wrapping the “third surface” of the cylinder
defined by the separator assembly with tape, securing the ends of the membrane stack
assembly with o-rings, applying a sealant to the ends of the membrane stack
assembly, and like means. The wound second portion of the membrane stack
assembly is referred to in this embodiment as the multilayer membrane assembly.

This multilayer membrane assembly is said to be disposed around the central core
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first portion of nenbrane stack assenbly 120 di sposed within a central core
el ement conprising porous exhaust conduits 18 ( 118), and a second portion
of nmenbr awe 28teak97assenbl y 120 di sposed outsi de of the eemusa 66960

el enment. | 0053J In a sixth nethod step 506 an edge seal ant 526 is applied
as a longitudinal Iine along each edge of nenbrane |ayer 112 in contact
with the perneate carrier layer to afford a sixth internedi ate assenbly.
The edge sealant is applied to the passive surface (not shown) of nenbrane
layer. The edge seal ant perneates the adjacent perneate carrier |ayer along
the entire length of its edge. [0054] In a seventh nethod step 507 the free
porti ogs of Elhﬁerﬁic&hb\'lsir@t;fbfdﬂiedﬂﬁh@c&ﬁiﬁﬁsﬂbkyl l(8|§1| Sﬁhrfg,&ff%dgeaﬁalm sasdt hﬁ

"second porti st ack assenbl are wou a t he
central core @%%‘nfeagé? Of ’esc%qﬁﬁﬁerg‘fm? ﬁaé“eég}é@yé‘@aq’%{ﬂlfm\?%‘ er \'Aﬁ@. ng the
second port|bmhmhlkhEmmmab@aﬁeesmaﬁb“ass@@hhwaammuhdcmhanmenmﬂak core

el Pt 1S CRUEL AR ol ke P OF IRCBL AR | Seh BTy 2L e L0

all ow the surtaces of sone freedom of
mot i on dur i nfatstessian ﬁdmmlgb fpadsodars exdepy b@m@a@mtﬁmmfwdmwleltlmrétfge seal ant 526
is applied as part of the winding step. The structure shown in nethod step

507 (a sevenidnsslme@érnﬁgmt@sa%&@dmw()zs ﬂ@é@hl@h%ex’é&@h@tvﬁé’l\%wrﬁen&h@w in method
step 506 after rotati ng? ge ce core eI ene

[; thr‘g)ug 80 dq\rees The
prepar ati on SfKsppLlY @0?)‘:%’3‘} e E5meMet VP BYIshPatFng t he
central cor Epekeﬁmﬁﬂénubmddirfgaﬁé pleﬁhr:&BR of h@arpe&agorwmdbmgmhameaom portion of
t he nmenbrane stackd 3 n? u(pﬂtheb tral téd? nt to{orma wound
assenbly, an&THERGRE 'Wé FRECRAGLS DY “Hé'h%'? PLTePOR0 AR v The
ends of the pipebeduneszd mslb\melrsbdasyd pomseact longitudinel adauﬁhbrawsendnhly may be
secured by vswog}%ym?@&%ompm&ﬁe*em% Al ier |31l bAGEH, of the

cyl i nder define e’ 'separator assenb securin he ends of
t he menbr ane pymadk camesdaypl W OwiThcentral |cwg§lemarpﬁft9/lsmg}alad edirieetion 2 %‘Ot he ends of

the menbrane 1%(@95\\%5%“& e rbd d6@s FRANSemdRR sHRK BdeRRE BRENPAT t i Oon Of
t he menbr ane stack assenb Is referred to in this enbodi nent as the

nul til ayer nﬁWbY%ﬁ‘és‘é}!scMW‘e“'FFﬁ“éedrﬁXIaPP‘P 'ayéﬁd’hﬁ%?d&ﬁée%b% P s said to
be di sposed @feQMﬂﬂen’é@&ig@se(ffﬁeF@dre swueek AVEREh &IQERD kil tRé Pedsi ROJuEG oExfRaUST
conduits 18 ( 1 18 a¢ '(% %? % | ant 526. effect velg %eals t he
edges of t he5BPRRG e frop @rmfe enh k1P SRRIPETES RO PRYLY expaust Gynduits

18, each of which porous exhaust conduils comprises an exhaust channel 119. Each

of the porous exhaust conduits 18 represents a half-cylinder shape tube. Spacer

elements 446 define a cavity 450 between the porous exhaust conduits 18. Openings

113 on each of the porous exhaust conduits allow fluid communication between the

extenor surface of the porous exhaust conduit and the exhaust channel. As noted,

central -core element 440 defines a cavity 450 which is shown as accommodating a

first portion of a membrane stack assembly 120 (See Fig. Sb).

{0056] Referring to Fig. 6, the figure represents a pressurizable housing 405 used in
making the spiral flow reverse osmosis apparatus 400 shown in Fig. 4 comprising a
central core element 440 provided by the present invention. Pressurizable housing
405 comprises a detachable first portion of pressurizable housing 601 and a
detachable second portion of pressurizable housing 602. The first and second
portions 601 and 602 may be joined by means of threads 603 for securing 601 to 602,
and threads 604 which are complimentary 1o threads 603. Other means of securing a

detachable first portion of a pressurizable housing to a detachable second of a
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both the feed surface (surface 420 shown in figure 4a) and the concentrate
surface (surface 425 shown in figure 4a) of the separator assenbly, and

bl ocks flwoOadotwemem ssion fromthe feed surface except PpgTSa008/086696¢ he feed
carrier layer 116. |0055| Referring to Fig. 5c, structure 508 presents a
perspective view of a nenbrane slack assenbly 120 di sposed within a central
core elenent 440 provided by the present invention during the preparation
of a separator assenbly. The structure 508 corresponds to the sixth

i nternedi ate assenbly shown in nethod step 506. A curabl e edge seal ant 526
is shown as disposed al ong each |ongitudinal edge (there are a total of
four such edgesrigblet hRsipassdude helhfacesnh BEsHr armehiay gluing 1@piagd in
contact with perneat &; carrier layer 110. The central core elenent 440 is
rotated in dffERPEBINIESSRS o ovide a wound structure. The free ends of the
menbrane stack assenbly present in the wound structure are then secured by
appl yi ng addiFdnkdferaniyto Eigallae Bpe gperyist heoppsandpest sendugdsin(t here are

a total of twQosid Wil GRS ImEVirkdnEofRSFTE¥R imMAdAC Podlis dxARsTRANGARE | ayer .
Central core el enent 440 conprises two rous exhaust conduits 18, each of

: \WO. PO :
whi ch por ous defimsn(rempassndusheanel bihyhideis biaskedah qugendcyhamel bledkingeach of the
porous exhauglemeRmdi tThe bBrol8 BLRAGR RbSdud B! defifé| (bdMiRisesy RaB& éoalre.  Spacer
el enents 446 d'ef'iﬂﬁ F‘Bcfa\/i't}/ 4?0 Zet ween tlhe Pfg{j({),usde%gaust conduits 18.
Openi ngs 113 B dA8nlest el ByPet & e SrASE s FeRBRatiior L a4 ouP PEnifesy
conmuni cat i operbedtevediaust bendeaix tl €3, iaxt greomel Aeadafied foesqpoipusrimshausde condui t
and the exhausg?#chartmte’_l. As nqﬁedt, cg‘g{sr@ sore elenment 440 defjnes a
cavity 450 WS TSRO AE XL dnTD i hgp% ?el p St por?l onor & menbr ane
st ack assenbiwicheMineSeeavii g50 Bl) whidlOB&GbeldifReded mifirmgortion i gmer@hrattehe fi gure
represent s asRLERSHiH\ZB! f, BAUIHAINAN e iyl BBHELID o B8 jGHRksaln 1 OW
reverse osnosi s apparatus 400 shown 1n Fig. conprising a central core
el enent 440 habiht sragertsiemenie 4f anicdd? of mlishedrens sxmugisonduitAdsrealigerdsi ng 405

conprises a Qeharh@hlef elbmbm{ afPiddl A5 o0h RILRP stbisZaRAG BAMGI NG AL and a
det achabl e second portion of pressurizable housing 602, The first and

second port i &¢rendretion N theamembaape plack el 130 imeemnd awpnd he eayal 63 f or
securing 601 efefmefQ3mpadivy govue 3dtaua Qéndohd th 1alofle EtbaAIMINE MR portibooft hr eads

603. O her neans of securing. a_ detachable first. portion of ressurizabl e
housi ng to alfeCHUREBE §%'rhbg‘r‘|386$ap %’sqé’mafti‘éli‘ltggﬂ%ﬁg’g‘ﬁ&a’?‘ﬂ?‘f}%ﬁ%rthe use of

snap toget hethedtedroamieslayqglissligiyly o@et than the section of the porous exhaust conduit
comprising openings 113. The separator assembly 300 comprising a central core
element comprising two porous exhaust conduits 18 may be inserted into a
pressurizable housing 405 (Fig. 6) such that the feed control cavities 710 are closest
10 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 1o join
the porous exhaust conduits at one end and also to secure the coupling between the

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

[0058] 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 440

provided by the present invention, the central core element comprising three porous
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cl anping and |i ke nmeans. |0057J Referring to Fig. 7, the figure represents
a porous exhaust conduit 18 in accordance wth one enbodi nent of the
present iwoentomm71Por ous exhaust conduit 18 defi nes (ceopriss@sps@cechannel
119 which is blocked at one end by channel bl ocking el enent 712. The porous
exhaust conduit also defines (conprises) a feed control cavity 710, feed
control baffles 714, spacer elenents 446 and 447. openings in perneate
exhaust conduit 113. and grooves 716 adapted for securing o-rings In one
enbodi ment, two porous exhaust conduits 18 provide a central core el enent
440 which defines a caxity 450 into which nmay be disposed a first portion
of a nmenbr anexhaiishedndaitss BYDAY sibR4. in IFip. Greactedfbibelipoeut exhpar canduiexibaust
conduits 18 are joined such.that the spacer el enment 46 and 4 of a first
porous exhaulf™ %ﬁ&&%ﬁ‘ﬁ“@bp‘gﬁi 8oVt et"?fén%éaﬁgégféé‘fsgwglh slA2 46 and 447
of a second panmwiss adiigusionciimdmiita se8ond TivdiometP3ndA pearatamsginbbvhs menbr ane

stack assenbg%vi%&ob\i ﬁotasmgg&% %BQHQ:Gret«Jj' Oegﬁmtaif%ku&%% tslg%iﬁ?déta &@mpri sing

por ous exhauSt conduit n one e I ment, that portion o he porous
exhaust condsiructutegansiseping thefends of thetmpabrang sipckiagembasneat e carrier |ayer or
the feed carrier layer is slightly |longer than the section of the porous
exhaust condlfOF9)Rsisrnssie i B gy 290rrapreseRis a CEgsstest By viys ddRgp]int3o0

conpri si ng aoCitor alembRAhEs1&k QERMblics QDPAikFoseiOvitia falrflusrexdi@isisocondui ts 18
may be inserted i f)p a Eressu}ri zabl e housing 405 g‘lleug 63 .Sljgh t hat the
feed contr ol PRXYFE Pethe pigsent inyentjog Lamprigng lowepprots eshauy1enduss Ipn@Soper at i on,
a feed sol ut sRAnMBFiDO eath sfabel padust dxhausgéoniwrds b peateatd Ehausitconduied cont r ol
cavities 710].@5 the feed Scoplt,riol cayit iversoaglec me filled, excess feed
‘energes from the ¥ SRFARERTFIPY pR A PALd A8 B bR s T H E e a s ur f ace of
‘the separ at odirasgeddy] . pr@ide ofvotrtestpcnpogrissedingttheeerfde @fl theongmboinecavi ti es
710 is to pr N : t &gdh&eshds f and the
feed surface,@‘{%a%s?%ﬁ?gﬁdgwgﬁgéﬁeg?%g@&%g%ug%@shgleg gsdglgt%gy%{)?ﬁsecuri ng
o-rings.may 8embrang gack assembliie por ous exhaust conduits at one end and al so
to secure the con%ei ng between the separator asserrb!g%/e 300 and coupling

menber 436 ( ¥9&0IAteGerminglp Fig 95y figur af FeRFsEls aFpge danensiond VeV fiRe 800
represents ac&kraiSSrseerhdnddf te@irésait imdeatni Mtentil PRI dletint ABTEUNRIAGesSt ack
assenbl i es 1t2\90 ﬂjersnchls ggrm\{g Ea&iagst acog ul;]tg rlglangoc{e(faineesl ae rgg\[’]ltty fS%O\\fhich may
accommodate a first portion of a membrane stack assembly 120. The component
porous exhaust conduits 18 of central core element 440 are essentially the same as
that illustrated in Fig. 7 with the exception that the porous exhaust conduits 18
illustrated in Fig. 10 comprise a feed control hole 1001 adjacent to feed control baffle
714. Central core element 440 comprises a blocked end 445 and an open end from
which, during operation, permeate or concentrate emerges in direction 449. In one
embodiment, the term “blocked end” is used to indicate that each of the porous
exhaust conduit exhaust channels 119 is blocked by a blocking element 712 such that
fluid entering the exhaust channel can exit the permeate exhaust conduit only at the
end opposite the blocked end. In aliernate embodiments the terms “blocked end” or
closed end” refer 10 a closed end 445 of a porous exhaust conduit which does not
comprise, for example, a feed control cavity 710. In the embodiment shown in Fig.
10, however, each of the porous exhaust conduits comprises a feed control cavity 710,
Moreover, when the central core element 440 shown in Fig. 10 is used in a separator

assembly 300, the permeate carrier layers 110 may be disposed around any porous
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provi ded by the present invention, the central core el ement conprising

t hree porousexhaust conduits 18. As shown in Fig. 8 each of the porous
exhaust owodoim4973 a perneate exhaust conduit 118. As ehowsomhesoaenbr ane
stack assenblies 120 conprise a first portion 801 and a second portion 802.
A separator assenbly is provided by rotating the central core elenent in
direction 222 to provide a wound structure, and sealing the ends of the
menbrane stack assenblies. [0059] Referring to Fig. 9, the figure 900
represents a cross-section view at m dpoint of pair of menbrane stack
~assenblies 120 disposed within a central core el ement 440 provided by the
present i nvelailiamncmmpni; sérfigg hoalpenpenOeshagkivadat | Bonckihanolfdmea& shown in
Fig. 9 each of1er n] és)g lexq ?ll%t conduits is a perneate exhaust conduit
118. A separ &1'87 &L S? P& ovi ded by rotating the central core el enent
in dlrectlon [ f t.he, gnds of the
menbr ane sta (ﬁ)@gs%ége %f‘gﬁre curlrnrjf’UE F}H&Eﬂggthé%gﬂgén‘?%%g ldo\ng\tﬁg edges and
ends of the mrabﬁ@eﬁea@m ‘éfg)s@fn‘bFWes‘f“@)%@)tmRef'@erqugﬂ'tCGTeFEIIane"tLG t he

figure 440 r eRRRILR!Ba RIIGHIELIdEBERS| ARGE 1V %We@é‘msaa S8 abw PR el ement of
the present invention. Central core elénment 440 conprises two identical

porous exhauStralso, element of figureddei Figarel lcayoides A3 g~ mmdehvieni P’ fecomodat e a

first portionomh et GRINBENNE BlcAldmentT e 1a120. The conponent porous
exhaust conduits 18 of central core el errent 440 are essentially the sane as

that illustr$no62| Referfraggto Fig.vii2t lhetﬁtgereelzd eqprdsaits 4 bantraltdoee gananus4testhaust

condui ts 18yl sl 3o Slo STRES BEAAGIARIL el 51001
t

adjacent to con core enen conprises a
bl ocked end 4k®enddd mmp@rﬂwrmdnrcfusmhathdyusd@r i\wg’om@ec\inausgcpndpt;r nmeate or

concentrate Q%Bxgﬁétﬂerhnq&&x%%bx%‘x ﬁgure JQa,%G t’ﬂ?&’%%‘%@e\ham gﬁcﬁ}itm " bl ocked

end” is used to I ndicate each por ous exhaust conduit exhaust
channel s 119ha\gngbtheéke‘aurwhawrb|"b8gvrﬁg‘2é| éiherﬂemmizo@ﬁquhéﬂo Pl thed entering

the exhaust ehapRehreeriBd &XiFig IREnREFREE & FréphRditle CRIRAMH dsseiblids At the end
opposite the bl %cké)rd end, ng alternate enbgrdllmrgnts t he te?ms "‘bl ocked end"

or closed endscipsed dpreing Far E‘faﬂ?lé’d Fignd shorss 1hg ceqrf sprs lemeph A10s8! fed%dui t whi ch
does not conmzd Skereih Qivo Gueatbidne stadk %ﬁe:dblceemz(r ade @@vsewumthelca\ itife

‘ e”bOd! ment Spggxad bggwgk%‘tra%cg)m e{i%)}n ef\io 06fahe porous e\ql con uns &Xsﬂc?\yﬂn condui ts

conprises a
- Fig. 12 are modified half cylinders (ﬁgure 12a) comprising an exhaust channel 119

{not visible in figure 12a), openings 113 (not shown) communicating with permeate
exhaust channel 119, spacer element 446, and grooves 716 adapted for securing an o-
ring. The channel 119 runs the length of porous exhaust conduit 18 which in this
example is closed at end 445. Two porous exhaust conduils 18 are joined to form
partial structure 1210 (figure 12b) in which openings 113 and exhaust channels 119
are visible. Openings 113 allow permeale or concentrate to flow from a permeate or
concentrate carrier layer into the exhaust channels 119. Partial structure 1210 further
defines a cavity 450 which accommodates both the third porous exhaust conduit 18
(figure 12¢) and two membrane stack assemblies 120 (for example the membrane
stack assemblies configured as shown in Fig. 8). The third porous exhaﬁst conduit 18
(figure 12c) may be inserted into cavity 450 of intermediate structure 1210 to form
central core element 440 as shown in figure 12d. The third porous exhaust conduit 18
(figure 12c) comprises an exhaust channel 119. Flow of permeate or concentrate

through exhaust channel 119 of the third porous exhaust conduit 18 (figure 12c)
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Mor eover, when the central core elenent 440 shown in Fig. 10 is used in a
separator assenbly 300, the perneate carrier layers 110 nmay be di sposed
around anyoporoadseihaust conduit 18 serving as a perneareTashawssessondui t
118 such that no perneate enters the feed control cavity 710. (0061 1
Referring to figure 1la, the figure represents a three dinensional solid
view of a central core elenent 440 of the present invention. The central
core elenent is identical to that illustrated in Fig. 10. Figure |l ib
represents a side-on view of the central core elenent of figure lla. Figure
1l c provides an expanded view of the "open end" of |he central core el enent
of figure 11accu[sOﬁ)Gi2§cti51eiBlzr(kelag“:gtu@s F2cthnd 124). tlxlﬂ&nefeh@bﬂimeﬁltzmixsrrﬂmﬁsents a

central core eI h ent in entlon npl oyed in
separat or ass! | eesc'osiﬁe" 445 gg‘? if"é 3%6” °§8%""f K% Qg’uﬁor ous
exhaust conduzh)prevgnt ptewapcnr coxcaxirafiot ecionglthe ulsrdlx&ernmSltdoedumt ructure

shown i n 11 0Ll 2Ame B0 ! gl HALQUST SRIRLSHnSP 194 euRYINO Ashe

structure shown in figure 12c core f the exanple
present ed by nfedy thelfrstrpng sagend poeaps exhapst eprdpids ltM&@s‘@qo@mat?@ranéé% sl i es as

di scl osed hegghitd oF&Hd 4as<§mo¢v off fefineal &b&\é@m&é@m@@zﬂ lm\h&e{&ameﬁrmnt 440 of

figure 12d wherein two nenbrane 'stack assenblies are di sposed within
the caviti es !Hefslredbipie {irk andesseqnd Ipo@yy exhayskeasdvits igsiriged tordirelinous exhaust
condui ts 18 shmavngirss IPbgnd ibd).are nodified half cylinders (figure 12a)
conprising an exhaust channel 119 (not visible in figure 12a), openings 113
(not shown) (BGEBLREfEfibg tmgﬁgm’ IBhthpeargmeaBe r@)@b@wsi cenhamml eléiday 4‘apater el ement

446, d 7 119

the I ongth o <gbral o BB Ben BB TP SR e T il P Bl osed at
end 445. Two eipwem 440 exrhierisest fouoprreiis teshal canduity &3 pandigtred Sugh thap duririgal
Structure 1240dioh UHa CeplGR om0l GRYRARE M Sudk ke Uitheli BV roGAANTE] & 119

are visible. enl ngs concentrate
perneat e or dereakaystrchanels gF pyoeef t mwswn}ua@sucn@duesmaugﬂe dirpavierevkile119.

Partial strugbinge &b bhhhbiebr ﬁeﬂemmgw&w&& &ﬁ&smnqmtsagqpm@dat es both
the third porous exhaust conduit 18 (figure 12c) and two nenbrane stack

assenbl i es 190Popifegfiregionnyihg cenyl ?ﬁé‘?rﬁ‘?‘a 440 dlpgraeddp Bgye dd2 eMAFSUr ed as
shown in Fi giwdMdentitiiRediil éofe feHdUSonSoReSIBOC @RI 1BbYleBcH doh@Hsifg hadC) may be

Inserted int %or%gsvé\th){usﬁ?&dgts ntgentral coret gergénq légntugjorngntg %31()9) atreo il{u(s)ur'artgd
from two viewpoints in figure 13b. In a first viewpoint, central core element
cdmponent 1300 is seen from closed ends 445 of the two porous exhaust conduits 18.
The porous exhaust conduits 18 compnsing central core element component 1300 are
“quarter cylinder” in shape and comprise openings 113 and exhaust channels 119. The
exhaust channels 119 share a common exit cavity 1308 defined by blocking member
1305. Other features of the central core element component 1300 illustrated in figure
13b include grooves 716 adapted for securing an o-ring. Unlike embodiments
wherein an o-ring is indicated as securing one central core element component to
another, in the embodiment featured in Fig. 13 the o-rings suggested by the presence
of grooves 716 are primarily intended to secure the central core element 440 to
another component-of a separator assembly 300, for example the coupling member
446 of a pressurizable housing of a reverse osmosis apparatus. In one embodiment,
the gap 1309 between the porous exhaust conduits 18 of a central core element
component 1300 is slightly narrower at the closed end 445 than the open end of the

central core element component. Under such circumstances, the porous exhaust
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central core elenment 440 as shown in figure 12d. The third porous exhaust
conduit 18 (figure 12c) conprises an exhaust channel 119. Flow of perneate
or concenwpabw/arough exhaust channel 119 of the thirdpporuseaezdvaust
conduit 18 (figure 12c)occurs in direction 1232 (see figures 12c and 12d).
In the enbodinent illustrated in Fig. 12, the closed ends 445 of the first
and second porous exhaust conduits 18 (figure 12b) prevent perneate or
concentrate fromexiting the third porous exhaust conduit except by neans
of | he central passage of exhaust channel 119 (figure 12c). As noted, the
first and second porous exhaust conduits 18 (figures 12a, 12b and 12d) are -
bl ocked at etwhddi58a6Tdhd tepwal Cdoreplérmenat@mphent QBEEHE kdhtly tbhasalugiraddhe exhaust
channel s 119 defi ned gﬁ‘ t he ficF\St aﬂgd sgﬂgond por ous e%gust cogguits is
restricted t8"diPREL i SHSA %% S GOFRSOEACEAL RS bOBFI® P& ring to
Fig. 13, thetobethetrte fdrdna caypnlesentisment ceftthialslight bias ef errgrtoud 46hapst t he
present i nvepyl,an Al ED TR RE, EARLAKR Ry SERRLANST, ABPSAR RSy Central
conpr uts

core el enent I'Ses four porous exhaust ™ con configured such
that during tpeeatfooddigbnabsesepameanysugsaserialgy conpri sing the central core
el ement, (low through the exhaust channels of two of the porous exhaust
conduits is I996Yrfasuse Fisclipsyatenmmethod 130 of eakiog e conirel kais sEmsniat40t he

remai ni ng t WuRRKQUS -r%zsﬂaa_lsat FEANS kit f idéntcdl deRBl AR RRieR @ipBsehison. The
central core elenment 440 illustrated in_figure 13a conprises two identical
central cor e!¥diBifvided roh Bt E‘@S@é‘ef&fl?bh?@ ci‘??ﬁég e'é’é&ﬁ'l?o‘i‘?ﬁﬁ' $P¥g two

pf)lr ous ex hgusneme«mtdmbmmia3(_)(Cerrategh§4gfe@,ome s@?-ﬁmhﬁ’rlﬁ zﬁ@ﬂf&_ﬁmaﬂétﬁqdlﬁﬂﬁ are
illustrated fr Wo viewpoints. in fiqure - In a first viewoint,
central cor etRR e B aite e coBringun TR st Py B of ' the two
por ous exhausfford dredenttascdt8eleniéne 44inovhichake@usdl care ridmedtsohBonemisprei Si Ng

central Cmefu‘ﬁk%@?éﬂ conponent 1300 are "quarter cylinder' in shape and
conpri se openi ngs 3 and exhaust channels 119. The exhaust channels 119

share a Comﬁﬂ)ﬁhtong %?Hb&c){m&?t,ol&e qﬁéslzﬂ‘%ﬁ'veﬁﬁ’onbﬁr%ﬁ%“eg HRADEre LM QL her

features o e central core element conponent 1300 illustrated in figure
13b i ncl ude HrHbvRdherpPHYioptAR By SLRWAQE PIEMBIN OMPIITIRE 2 98Tk €%%€nbodi ment s

wherein an Ozlein&if comphishth AALAH1AS pHREAE bXHEusP REnduRY) lah@ hoCONPriSthgrENt
conponent to another, in th(f_errbodl nment featured_lg Fi .1_13 the o-rings
suggest ed by “entiesshagcopguitoand SORBNSIEE MErpdraRe; stag f’slsffg‘? hEYNIEWSt 0 secure

t he central goOes edec®NEardetPayvien 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 laver 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 [rom one another. A second portion of the membrane
stack assembly forms a multilaver 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 laver. The permeate

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

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

assembly comprises a central core element comprising three or more porous exhaust
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anot her conponent of a separator assenbly 300, for exanple the coupling
menber 446 of a pressurizable housing of a reverse osnbsis apparatus. In
one enbodwvoento/o444teé gap 1309 between the porous exhaust PCOA$00H5680 of a
central core el enment conponent 1300 is slightly narrower at the cl osed end
445 than the open end of the central core el enent conponent. Under such

ci rcunst ances, the porous exhaustconduits 18 of the central core el enent
conponent 1300 are slightly biased toward one anot her. Wen two such
central core el enent conponents 1300 are coupled together to forma central
core elenent 440, this slight bias of the porous exhaust conduits acts to
secure the twesndaient rnainome:r anmdemmtthcm@psmbsmmmcmmshemrw érhout t he
need for additional secur f ﬂ% % e 13c

T ust rat o5 TORIECERTer BrerheRb R PRE RTPRT. D sl ereiit il

il lustrated kemgrisepr gurhB& oFifeed tcarriar jogars, and ini adeitmaekmbaimhend| thesalie el enent

component s 1300.,Jo? ! Athrisdine S s[BL A, S ABrand s Lhe cl osed ends

of the central” core el enent” conponents engage n second third

and fourth ”WOBﬂCinSJe?Qﬁou(el?e%oé%ﬂ) thel &}&eﬁelmtgnabn GRIVRIeEh BZRPl BRMPONeNnt s
1300 are progressi vequg engaged to afford the central core elenment 440 in

whi ch the ceflemgit 8 "él‘%“rrﬁf?!’afé‘dﬂ?p%én%%’alaﬂé“frﬁ}q“}? SYNPRI§BEMUBIFE5 1 I n one

embodi ment , hﬂﬁmﬂrs%&ams.dgw)e@bﬂegnnab@%m aAd @M depdrat6Odseendye iRt useful in
t he prepar atl on of a s arat or assenbly CO{‘PI‘I Si ngrtgsalqent ral core

el enent conpfPaPIRg aﬁfmﬁéé’g PHSER 3 JRYPRLAE S1agk ASSEblY ComB bo%ot

conpri si ng afeoradst agdr catdxRanst paiméthtztrr,lerai}@rscmmpmIISz!slng\oammWeane st ack
assenbly conpri si t _gne feed rrier t per neat e
carrier |ayersc™ ‘ﬁ%feg‘{ calrréeézz’lye e dé*?“&ﬁ”“%ﬁ"l“?l% ne!‘)r%"e t%erf :iher%\ﬁot he
salt-rejectlngmﬂéabramenhayam$“bbﬂw@mMme@@Bd1betWs@nemhbmﬁamdﬂmarr|er

| ayer and th )y%{ovgg&m@@& SohiiRks o MRS Sore et SmRIrk aPRacPld fifimdsRITDY ane

sl ack assenb I spose thin e central core”el enent separ at es
t he perneat ee’é)@h%tgg‘tduxtso?m\dmhlfé dpmw erepriahd Eqneeniralg exlnusl candyr ¥ BBt of t he

menbr ane st agkqigs 3£WRl Merﬁﬁ}wsl@ekwgeﬁﬂbﬁ\a&e&nn@?&r aRR tRH% 3£ 5dphMtesliusepos ed
around the central core elenent.. The feed carrier layer is not in contact

with any of PHECHEPFHESY éonéwﬁﬁau%fecerbirmowfﬁlﬁa‘eﬂ@mﬁe)fta‘ikr%%m‘afefmw th the
perneate car raInﬂmx|Juayexémbr?£:liﬁsm{brraﬂ§p@sdaawuh@me kayar @radangachhe Bedcont act

with at | eaStc rggrela) ‘er is note me:%rrxtgga\l\tn?m ae&pn?e%tsete\ﬁgngtdconéuu 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 al least one permeate exhaust outlet
coupled 1o 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 malerial or materials. For example, the
pressurizable housing may be made of a polymer, stainless steel, or a combination
thereof. In one embodiment, the pressurizable housing is made of a transparent
plastic material. In another embodiment, the pressurizable housing is. made of a

transparent inorganic material, for example, glass.

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

techniques such as clam shell injection molding, over-molding and gas assisted
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| 0066] I n one enbodinment, the salt separator assenbly conprising the
central core elenent provided by the present invention conprises a

mul ti | ayeworerioaate assenbly which is radially di sposedprabaistomioscosent r al
core elenent. The salt separator assenbly may conprise a salt-rejecting
menbrane | ayer which has a functionalized surface and an unfunctionalized
surface. In one enbodinent, the salt separator assenbly conprises a central
core el enent conprising three or nore porous exhaustconduits. In another
enbodi ment, the salt separator assenbly conprises three or nore perneate
carrier layers. In yet another enbodi nent, the salt separator assenbly
conpri ses a Rloldirdl fekhhidubs f\eemmrwbwoﬂo@&msmmmmb lrtaﬂi'hcaéeh&aﬂrtatee

enbodi ment, the salt ﬁe(p?,r tor assemly ri s&s r‘r%[) or e

sal t-rejecti A§THEHBPNAE Py Srpé‘?serfldb‘é?‘?']‘ I'Ha‘y ?haé’P S@' STHER, the
present i nvehbwaer, puove desmainaibont sfadtresgih enédlleend, theefoplsticn sedheaspr epar at i on
of a spiral f s nmenbrane apparatus conprising (a) a
pressurizabl EJ’I odég’\é%{a§%e8%§?r§% separator assenbly. The separator assenbly
conprises a nenbrane stack assenbly rising at |east one feed carrier
layer, at | edf96%Ths fpesamnsaxemplay ¢ E‘F’el‘nt}) r§“‘eaﬁ‘iﬂ"“&t‘°ﬂ|§‘é‘§‘t‘e oS HENDr ane

| ayers, the tead r@ﬁﬁréd B the aYRhtiddel ek ﬁbpémﬁfuiubﬁhn’éﬁﬁaﬁea\@o dRIFbIRNe | ayers.

The feed tact wit t |
I one. enbodianien 3 ResdtEphil hisFed SREAET M Ut PEUE HBHEIEI BB ¢ ol erent

conpri si ng atlluseisé of vedecpd rembadimenx fi@mhsd maaifuddibf sll possiblatdandlodideas. not

conprise a cqncentrate exhaust, con dwt Afir ortion t nbrane -
stack assenb c?’%’"%dd‘f'f‘ p‘a"&“‘é 'm ’tof"la}{at mfa ep(gerdac EE The® t[(gcétrwme treaeexhaust
condui ts. A $edertoipooftéxemnples uttlh® w6 Histrain deagraacl theguesa ligyvefitgnnsAsa

uitilaver TRILANE AR R Yol b aRgAEL: | %ﬁ%@a&ﬂﬁ:c&ﬁ%&ﬁ%}loﬁ%@ #loement . The

feed carrie ayer is not er neat adst condwt The
per neat e car sibignd |aaq/@p!§dw1§asphofc‘@mwd\mffeﬁnsa@\wnéa@b apfrs cxFMHhduper meat e

exhaust condyjjt;5niRlthefid "Qbistind cRREME brViint Acchlifink @€ WRE h&bsshrgyer . The
pressurizabl e housing conprises al |east one feed'inlet confi gured to

provi de feed ragsshierobeer erpiird. thewdangsy srainslugiye ?fﬁ‘é‘ subspagesthsre %Fé‘%"éﬁbl y. The
pressuri zabl ¢ ﬁQESﬂer&p&ﬁﬂpﬂlmS%a@dns lig algeke mgesp@mna@g@t ehehsersds oul | et
coupled to the er neate e ({1aust uit, g@ L ﬁf ncentrate
exhaust out | &fa¢ ‘H’HE{I hRying Srepe 6}6 ragtaé‘ 'fea'bOé F2YY FE %ag%a{?’étl or assenbly
The pressuri patce ihasusdringonsgalioddd \\M&d@o@a‘ib!sm callracdnmatter goadred by nieet eri al s.
For exanpl e, a;[)phegded claims. [t 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 10 be covered by the appended claims.
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pressuri zabl e housi ng may be nade of a polyner, stainless steel, or a

conbi nation thereof. In one enbodi nent, the pressurizable housing is nmade
of a tramspansvi4piiastic material. I n another enbodi menPCTiUs0090E®sUr i zabl e
housing is nade of a transparent inorganic material, for exanple, glass.
(0068] The central core el enents provided by the present invention may be
made by a variety of nethods, for exanple by injection nolding, blow

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

present i nvemWhanbclamedlise made of any suitable material, however, due to a
conbi nati on of strength and | ow cost, thernoplastics such as pol yet hyl ene

may be preferred. | OQQgAl[a]r eé'%%'?ﬁy.{ﬁge"?éa’msgﬁb]%&%%gﬁ'?l y illustrative,

serving to illustrate only sone eatures o nvention. The
appended cl ai ns arF intended to claimthe invention as broadly as it has

been concei ved arfti'®HEYLRRIPHSERUHEPWIES: presented are il lustrative of

sel ected enbodi nents froma mani fold of all possible enbodi nents.
Accordingly, it issidAopius edats condpitserotmposing dradxhausechappbadede of mpws ar e not
to be limte CBu; Ml Ao ' eat ures of
t he present ?%%éﬁ%?@ﬁﬁgkus“ ﬁuslg Oﬁ%g&i?eﬁ %Ll,a&gﬂee&oaéwcyg‘?ﬁ% |%‘Iess" and its
gramati cal o¥webshpanduil angiteagxhgustghgrnek ubt end and i ncl ude phrases of varying
and differing extent such as for exanple, but not linmted thereto,

"consi sting essersaidakbdtial e elaght dFpmgiashding of . " Where necessary, ranges
have been supplied, those ranges are inclusive of all sub-ranges there

between. 1t is tQ,&,GXPRGH e&ﬁg%}ﬁéd Bt MR o fﬂrftlt&?t%?\ FAG&Torle! | suggest

t hensel ves to a practitioner I ng ordinary ski in the art and where not
al ready dedi &agkegsepivt he public, those variations shoul d where possible be
construed to be covered by the appended clains. It is also anticipated that
advances in sciemxe @mgcénesinian dgyenwhadcbrdiimgke claopii \Wathe@dih gt lasd osUdrst i t ut i ons

possi bl e that,_are not now contenpl at by. reason, of the inprecision of
| anguage andgqeﬁgrsoés ?z‘ﬁi?‘fsg °|"§LH‘§ 'ss%muaggf'?ﬁm%eéSéagﬁdslf’ led where possible to be
covered by the appended clains.Wiat is clained is: 1. A cenlral core

el ement for a sephar alby caayaleeist slereeshpicpdingde clatm L ewkareip golessh pesuel exhaust
conduits. the porous exhaust conduits is selected from the group consisting of porous half-
octagon shaped tubes, porous half-decahedron shaped tubes, and porous half
tetradecahedron shaped tubes.

4. The central core element according 10 claim I, wherein all said porous

exhaust conduits have identical shapes.

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

said porous exhaust conduits have different shapes.

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

exhaust conduit having a teardrop shape.

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

porous exhaust conduits.

8.  The central core element according to claim 1 comprising at least four

porous exhaust conduits.
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sai d porous exhaust conduits conprising an exhaust channel and one or nore
openi ngs which allow fluid communi cati on between an exterior surface of the
por ous exWwausto/adiduit and the exhaust channel; sai d ceRrCTAIS2@0/08696 enent
defining a cavity, said cavity being configured to accormbdate a first
portion of a menbrane stack assenbly. 2 . The central core el enent
according to claiml1l, wherein at |east one of the porous exhaust conduits
is a porous hal f-cylinder shaped tube. 3. The central core el enent
according to claim1l, wherein at |east one of the porous exhaust conduits
is selected fromthe group consisting of porous hal foctagon shaped tubes,
porous hal f - decahedr Dhe cnagfadre it a@odingas @ladn Badompiigiy degat@dr on shaped
tubes. 4. The ,central. core el enent according to claiml, wherein all said
por ous exhaug‘Thaﬁséﬁ?iﬁP'fss have identical shapes. 5 . The central core el enent
according to claim1, wherein at |east two of said porous exhaust conduits
have different shipedhe entratiroreeemensfaccotsking el vt “AeEEr @idngvioiscl aim 1,
conpri sing aqame@usspaedtaumtntCQRPrHidd hMe Patbuen8@ En@iisshape. 7 . The
central core elenent according to claiml conprising at |east three porous
exhaust conduits. 8. Jhe central cogie el.ement, accordi n‘g IR fl aiml
conprising at |eaSt ToUF"BErBIILuRLAEOI0E 1 gy Lo here allegsf 078 O oy o

el enent accosdd pgousexighusticondditcompisesd bigekfngelempar ous exhaust conduits. 10.
The central core elenment according to claim1, wherein said cavity is

defined by spacerizel ¢neghfalcOmdIémetad¥rdind G0 BRMPYSWRXORUSTeast ObH tS. 11,
The central core elenent according to_ clal wherein at | east one of said

, m1l
por ous exhaué}teP@@Hﬁ‘%ﬁ’f“‘sb‘iﬁ’ﬁﬁlﬁsg@’ép"&eﬁ}%R?%@Oléfeé‘ﬁ'éht. 12. ,The central core
el ement according to claim1l1l, wherein at |east one of the porous exhaust
conduits conpri ses. aThd osutralopdre clenehtememrtling to claim 1, wherein the porous

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

14. The central core element according to claim 1, wherein the central core
element defines at least two cavities configured to accommodate a first portion of a

membrane stack assembly.
15. A central core element for a separator assembly comprising:
two porous exhaust conduits,

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

exhaust conduit and the exhaust channel;
said central core element defining a cavity,

said cavity being configured to accommodate a first portion of a membrane

stack assembly.

16. The central core element according to claim 135, wherein each of the

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

17. The central core element according to claim 15, wherein said cavity is

defined by spacer elements comprised by the porous exhaust conduits.
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13. The central core elenent according to claim1, wherein the porous
exhaust conduits conprise one or nore grooves adapted to secure an o-ring.
14. The cwotwalo4eame el enment according to claim1, wherecmusheosso al core
el enent defines at |east two cavities configured to acconmpdate a first
portion of a menbrane stack assenbly. 15. A central core elenent for a
separator assenbly conprising: two porous exhaust conduits. said porous
exhaust conduits conprising an exhaust channel and one or nore openings

whi ch allow fluid comruni cati on between an exterior surface of the porous
exhaust conduit and the exhaust channel; said central core el enent defining
a cavity, said camity chiangreaethdngfor € SephiatonassenBrpebmipeisiagf | rst portion of a
menbrane stack assenbly. 16. The central core elenment according to claim
15.. wherein eac f. S, : j | porous hal f-cylinder
shaped t ube. 17.h?ﬁém%@%%g%ﬁgggpﬁﬁgﬁgﬁgﬁgﬂgggg%%fh%dgg’cIain115, wherein
said cavity is defined by spacer elenents conprised by the porous exhaust
condui ts. 18. A ceAthy Rarous Grisugt jcaniuicompising aé’eﬁggﬂ“é‘t‘i?r"“”ﬁg‘g‘@r?ﬂf §" @8%pri si ng:
fOEr i denti ga;_benm.garvbie& altow !ild?ﬂiafmrﬁhﬁdhﬁ& IFIW&H?“ emgraiusﬁrrae@adué p&ouseach porous
exhaust conduit conpr.i sing ap exhaust channel and one or nore openi ngs

whi ch al | ow F’f*\ﬁ}’sac%g%ﬂﬂﬁ%a%‘[‘]%‘ﬁ‘ B¥Keen an exterior surface of ltohe pgr ous
exhaust conduit and the exhaust channel, said porous exhaust conduits
defini ng two cavispid@grousexbhuspdonduils deltrang thvpeavitigsi ng configured to
acconmodate a first portion of a nmenbrane stack assenbly. 19. The central
core el ement accQfaéh oPsalPcavliRt Beidd conlRare® it aR3MMoPN @UBst PoNRHIT acondui t i s
bl ocked at one end. 20. The central core elenment according to claim19.
conpri si ng tﬂB“‘ﬁ@%??’éFmBﬁhtral core el ement conponents, each of the

central core elenment conponents conprising two porous exhaust conduits and
a common exit cavi% yThe central core element according to claim 18, wherein each porous

exhaust conduit is blocked at one end.

20. The central core element according 1o claim 19, comprising two identical
central core element components, each of the central core element components

comprising two porous exhaust conduits and a common exit cavity.
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