FLUID TREATMENT ARRANGEMENTS AND METHODS OF MAKING FLUID TREATMENT
ARRANGEMENTS Field of the Invention [0001]The present invention relates to fluid treatment
arrangements and methods of making fluid treatment arrangements that may be used to treat fluids in a
wide variety of ways in single- or multi-use applications. The fluid treatment arrangements may include at

least one fluid treatment unit which R TREMNBMENTARBANGEMERNItfayer structure may include at
least one feed layer, at least one permeate layer, ahti%at least one :géer of a permeable fluid treatment

medium, and the perm%@%ﬁi% Wﬁw dﬂsﬁ“@n@%ﬁk/@}‘ﬁ RaY Pthe permeate layer.

Feed passages within the fluid treatment unit direct process or feed fluid to the feed layer and along the

feed side of tp%@ermﬁgl?rlﬁemﬁdri]um. Some or all of the feed fluid passes from the feed side to the
permeate side 0 tRe permegb% medium. As the feed fluid passes through the permeable medium, the

fluid is treated according to the fluid treatment characteristics of the medium. For example, the permeable

medium may[Be0alfilterfrRareae oY iR \CSIRME e IRt fnichiigetinerBegRnaetd ABbIMebRSISGbstances from
the fluid. From dagpauReriamidaicl irRerarakiRmediwa. dhediifurpsses arillliatrgrgpermeate to the

permeate layer, which directs the permeate to permeate passages within the fluid treatment unit. The fluid

treatment arr¥AYe R i) fHINer SR ARALcaUART m O REH I TRARAG O LSANILRITTIMRNEGHES BE a mixture
of polyuretharesiruhefiakytréhendaronisehicaldashenayeistaidhedluThy eatimirgt LsitiogethaaySummary

of the Inventig, [RR0ZIR AT ENERSE W, A T3PS Yeiital e Aa UL IGRAITSEF frngements may
permeable fluid treatment medium, and the permeaakldium may be positioned between
the feed layer and the permeate layer. Feed pessathin the fluid treatment unit direct
process or feed fluid to the feed layer and aldwegféed side of the permeable medium.
Some or all of the feed fluid passes from the f&dd to the permeate side of the permeable
medium. As the feed fluid passes through the pabheemedium, the fluid is treated
according to the fluid treatment characteristicthefmedium. For example, the permeable
medium may be a filter medium or a capture meditmanged to separate one or more
substances from the fluid. From the permeatedidee permeable medium, the fluid passes
as filtrate or permeate to the permeate layer, hvlicects the permeate to permeate passages
within the fluid treatment unit. The fluid treatntearrangements may further include a
thermoset, which for some embodiments may be aungixdf polyurethane and epoxy. The

thermoset holds the layers of the fluid treatmenit together.

Summary of the Invention

[0002] In accordance with one aspect of the inventiond flteatment arrangements may
comprise a fluid treatment unit and a thermoplastiieet. The fluid treatment unit may have
a multilayer structure which includes a feed lagepermeate layer, and a layer of a
permeable fluid treatment medium. The permeabldiume may be positioned between the
feed layer and the permeate layer and may havedsside fluidly communicating with the
feed layer and a permeate side fluidly communigatiith the permeate layer. The fluid
treatment unit further includes first and secondagite end surfaces and a thermoset. The
thermoset holds the layers of the multilayer strrestogether. The thermoset also forms at

least a portion of the first end surface of thédflmeatment unit. The thermoplastic sheet



comprise a fluid treatment unit and a thermoplastic sheet. The fluid treatment unit may have a multilayer
structure which includes a feed layer, a permeate layer, and a layer of a permeable fluid treatment
medium. The permeable medium may be positioned between the feed layer and the permeate layer and
may have a feed side fluidly communicating with the feed layer and a permeate side fluidly
communicatifyekligs the fesreagdisuepee. ofibefiliiirt Feeamient Landitien@ernnsge gifretahansscond opposite

end surfacesiagaiepRREE AR Hrraarst Sudsadayimatdamamiilayer structure together. The

thermoset also forms at least a portion of the first end surface of the fluid treatment unit. The

thermoplastid ¥f5bt olRAELIABMHEMURLPONRRASPRGE Ul HRRRTIGN HRRTIAD HEARATMERE directly
b(_)nds to the m@ympkaﬁi@_f’s’seat)drsébe_rfdzrsirﬂr]ﬂamsfaaeﬂeiﬁmherituiditreatﬂmetitgunnippﬂa@@csyhmcordance
with another j‘ﬁ@‘?. Lol e %QXS%&EQW‘%%"J%%@S@ (" ’?%?{Nérm ISP HRE H{ﬁ&%%%t Snd end
pieces, a fluid treatment unit, and a thermoplastic sheet. irst end piece’ may have a first surface
comprising a4niémmphespesinectlie nesinieatllisiamhgerpdirraseddnaydiarafirtiaresecond end

pieces and may,biye AT RN RIS ESHERIAVRICT iBetHigRed IaRflaxpe: BepRRRalRYflind a layer of a

permeable fluid treatment medium. The permeable medium may be positioned between the feed layer
and the permESREMS)EMSH May RS RS Y YRR SMEHUT I8 AR LGSR RAdSed M HE%
permeate sidpeiividiteciysnanicatbnghaiib thieqesnedie diysonicadrfliditienénesd Layémaay turther include
first and secand opposite epd surfaces and a thermoset. The thermaset holds the layers of the multilayer
structure tog o TR e R e U o R P SR P
treatment uniturthes theltve prst iodisecontegphasidiendaprtausbadnepposes slitadwsranseigidsverly the

first end surfage @f e Mﬁ*e”rﬁﬁ}f{i‘rl;?gr Whiticl e HGEmeRe mpcdyPandsiipiaenfishsuiTB6Righ ke

thermoplastic sheét on the first e urface of the fluid treatment unit. The second surface of the
thermoplastid¥hBet 7 BEBeRH AL foliHE HRaARPHEPRSstieEnRBIas S theShETRNRES! I 4]In

accordance wibaraodppbsispeatiat daeatiy antioovefluik hitsameicsrang eole nioamyceommtiseHast and
second end pjeces, first and, second Iu'%tr atment units positioned. between the end pieces, and first and
econd er e e R Ea R S e SRt B e ST A s o
feed layer, a petaditd sgaimanduaitayBresecpethsodbrifaiit arewpiasticrabeptimay e pentedide medium

may be positiﬂ@?ﬁ&%ﬁﬁ&b‘ﬁ@ti@@ﬁr@é’@%ﬁﬂ%tfﬂ%t%ﬁ{él’aﬁ?‘te layer and may have a feed side fluidly

communicatinﬂ with the feed layer and a permeate side fluidly communicating with the permeate layer.

Each fluid tr nt unit ATEY AR A FROhE 2ReeRidha B iiuiddecatmentrerngssiethe

thermoset hotdg\taergyeis bt aedibyee st pivee tnasbesnd RithesaosaiisnSposriatideast a portion
of the first eng :%urfac?hof thg fluid treatrél?nttunit The fi(r}lst n .sesf%ong thErmﬁ)Hla t{'c st&getﬁ may be

positioned be WeeN the Tirst end sutfaces ot tﬁré(#ﬁgf ana S R reafiment (hits2EAEh fﬁ%rmoplastic
sheet may hqmeyfihavamjmekcidnwbmmeesurﬁabésclmd_eamﬁeresa pa(theaﬁeslagad sodfade e thieafirst f_Iuid
reatment un SRR IR Fishsbifiee Al fra-bBtRRIEsbe esloie dogimasicon the frs

end surface of the second fluid treatment unit directly bonds to the fifst surface of the second

thermoplastidesfbByeranddes Mesupaiedavsy droiraahvedsifri e spnBtEisptIs it tBBnded to one

another. feed layer and a permeate side fluidly communigatiith the permeate layer. Each fluid
treatment unit may further include first and secend surfaces and a thermoset. The
thermoset holds the layers of the multilayer stitetogether. The thermoset also forms at
least a portion of the first end surface of thédflmeatment unit. The first and second
thermoplastic sheets may be positioned betweefirgtend surfaces of the first and second
fluid treatment units. Each thermoplastic sheey have first and second opposite surfaces.
The thermoset on the first end surface of the fiugtl treatment unit directly bonds to the
first surface of the first thermoplastic sheet.e Thermoset on the first end surface of the
second fluid treatment unit directly bonds to tinst fsurface of the second thermoplastic
sheet. The second surfaces of the first and setbenohoplastic sheets are bonded to one

another.



[0005]In accordance with another aspect of the invention, methods of making fluid treatment
arrangements may comprise modifying at least a first surface of a thermoplastic sheet to enhance the
bond between a thermoset and the first surface of the thermoplastic sheet. The methods may further
comprise forming a fluid treatment unit which has a multilayer structure including a feed layer, a permeate

layer, and a |E3¥8Pbf a peaeriBrRNIGWitFcateBAT ARRGtA! erimuepineirdg aeamkiag it may include
positioning t%ﬁ%ﬁ@@%ﬁ@%ﬂi@W@Wﬁﬁs@%%gﬁiéhﬁs@§U?‘F§@é%@’ﬁ‘féﬁ%@Jﬁﬁ‘ﬂ side of the

permeable medium fluidly communicating with the feed layer and a Permeate side of the fluid treatment
medium luic EShMERTERGRG WG AP ANRERR SERORHIRIFY BreIAGR LA NE R ORIERS, further
include applyshget.therenosttddomeyfumiose afitipeifeddriaifiidthegpermeabievhietdinaslayer, and the

permeate layer. Fhe m further comprise. directl ndin r e he mogdified first
surface of thﬁﬂ&%%%@f%@kﬂ@qgﬁ'é ésﬁegrﬁggg%rrfa%§8(%$§yﬁid§ﬂ%1§tﬁ#g%%?rﬁt.ﬁgaﬁ)eé%ﬁl {??eatment
arrangementy eainastheds for menkmaoriiiel fikictreainantamge incideRnsiientiisoily eeenraplére aspects
of the inventigARie HRaRYAAVRTERIPRy EPRFAIBNIR rAKARARIIRGES sHEfRethel fBRibssmoplastic sheet

to enhance the bond between the thermoset and the thermaplastic sheet, the thermoset tightly and
securely bonBEHHR A IMFETHRHNERIRGVILK NG (HRAJNGNERRL BraRM AT LUl deaHGRhts or
gaskets. Thismsigiific#olinreducesribetBpentiumebeontaninaygsinaigcie fiate nigltyhbet @xitacted from
the components of the fluid treatment arrangements.and deposited in any fluid flowing through the fluid
reatment arr O e G R B TR Rl IR e e
embodying theadieniryehravdee fermeste [Ryer anticomadmistitties cqrepiirateeity doadie@ntate with

fewer or no agided GAYaERHARES niddiHef il &ﬁﬁ%@mﬁmmﬁﬂﬁtiééhémﬁlﬁ% 8hd BipeREgRY be fixed

at one or both ends of the fluid treatment unit. By providing ermoplastic sheet between the
thermoplastid¥hieERPAIREH uid treatment unit, the thermoplastic end piece may be tightly and

securely bon{Edép therAlbrrmemiastic sheeyavhiehs indimelsdigidy artiRgaeteiidanded to the thermoset
of the fluid treatment unit. This ﬁeﬁSi ahi%hl}(nrobust str C(%I‘ easil cagable of(yvithganding the
wnich e L(j)lé;/ m a

forces associated %merr}rgssunze Within thetia S eaten Q\Pr%lnngg\r/nenfr’.l i ad’cﬁﬁoar%ef%r many
embodiments;ahexaiapico Plastieddiid pibessarida oft e thapagiic tieet torenhbac® theebofifdm

Co”eSpondinm&%@%@%Sﬁgtdﬂﬁ'ﬂHQ%QFrﬁBBIié%ﬁiE@MEﬁ%%%g BRI PSREAPHBHRIS Ponded

directly to one another without the use of solvents, adhesives, or gaskets. Again, this significantly reduces

the spectrum eSS ifeb ehRce s otseaNy BauhtheRRaddiirahrIMRIKSTo RGP IHFRIgh the fluid
treatment arrgagementiaisdighmvarioy fetnieeld merspputt phstaanianinant-teaeqesmeatesand/or a

retentate Withe;c( rvggtre%rfrno?n %egor%%rgr?&%rs]aoqt%eq‘ﬁjsl rtil%tc’i;\%r’r}lagr];a%hg%rﬂgn%rsegnd deposited in any fluid
flowing through the fluid treatment arrangemery. reducing this spectrum of
“extractibles,” fluid treatment arrangements embogdyhe invention provide a far more pure
and contaminant-free permeate and/or a retentalefewwver or no added contaminants.
Further, for many embodiments, a thermoplastic@ade may be fixed at one or both ends
of the fluid treatment unit. By providing a therptastic sheet between the thermoplastic end
piece and the fluid treatment unit, the thermoptastd piece may be tightly and securely
bonded to the thermoplastic sheet which, in tugightly and securely bonded to the
thermoset of the fluid treatment unit. This resitta highly robust structure easily capable
of withstanding the forces associated with pregedriluid within the fluid treatment
arrangement. In addition, for many embodiments ttfermoplastic end piece and the
thermoplastic sheet may be formed from correspantfiarmoplastics, e.g., identical or
similar thermoplastics, and may be heat or meldedrdirectly to one another without the
use of solvents, adhesives, or gaskets. Agaissthnificantly reduces the spectrum of

extractibles that can potentially be introduced itie fluids flowing through the fluid



[0007]FIG. 1 is a representative view of a fluid treatment arrangement. [0008]FIG. 2 is an exploded view
of a portion of the fluid treatment arrangement of FIG. 1. [0009]FIG. 3 is an oblique view of an end piece.
[0010]FIG. 4 is a representative view of another fluid treatment arrangement. [0011]FIG. 5 is a
representative view of another fluid treatment arrangement. [0012]FIG. 6 is a representative view of
another fluid teAMRINtEAFRAGEBIABHND @demstion dMEIeh B @ GTnlaenineahiles permeate

and/or a retentate with fewer or no added contamtina

Description of the Figures

[0007] FIG. 1 is a representative view of a fluid treatir@mangement.

[0008] FIG. 2 is an exploded view of a portion of thedltieatment arrangement of FIG. 1.
[0009] FIG. 3 is an oblique view of an end piece.

[0010] FIG. 4 is a representative view of another fluehtment arrangement.

[0011] FIG. 5 is a representative view of another flughtment arrangement.

[0012] FIG. 6 is a representative view of another flughtment arrangement.

Description of Embodiments of the Invention

[0013] Fluid treatment arrangements embodying one or mspects of the invention
may be configured in a wide variety of ways. Ohenany different examples of a fluid
treatment arrangement 10 is shown in FIG. 1. Faryneanbodiments, a fluid treatment
arrangement 10 may comprise opposite end piec& ahd one or more fluid treatment
units 13 positioned between the end pieces 11Alfhid treatment unit may comprise a
multilayer layer structure including at least ored layer, at least one permeate layer, and at
least one layer of a permeable fluid treatment omadvositioned between the feed layer and
the permeate layer. For example, in FIG. 1 thiel ikeatment unit 13 may include two
permeate layers 14, a feed layer 15 between theana égayer 16 of a fluid treatment medium
between each permeate layer 14 and the feed layefHe fluid treatment unit 13 may
further include a solidified thermoset 20 whichdwthe layers of the fluid treatment unit 13
together and encapsulates the fluid treatment ditie fluid treatment arrangement 10 may
further comprise a thermoplastic sheet 21 betwieerltid treatment unit 13 and an end
piece 11,12. On one or both end surfaces 22,#3diuid treatment unit 13, the thermoset
20 bonds directly to a thermoplastic sheet 21 whickurn, may be bonded, e.g., melt
bonded, to the adjacent end piece 11,12.

[0014] The fluid treatment arrangement, including oneathkend pieces, the fluid
treatment unit, and the thermoplastic sheet, malyde various fluid passages, e.g., feed
passages, permeate passages, and/or retentatggsassadirecting fluid through the fluid

treatment arrangement. For example, one or batieoénd pieces may be a manifold which



[0013]Fluid treatment arrangements embodying one or more aspects of the invention may be configured
in a wide variety of ways. One of many different examples of a fluid treatment arrangement 10 is shown in
FIG. 1. For many embodiments, a fluid treatment arrangement 10 may comprise opposite end pieces
11,12 and one or more fluid treatment units 13 positioned between the end pieces 11,12. A fluid treatment

unit may conipsat éeaailang Bricpassaarfardlirratinnnipigbreaseying fédd fegrar the feadit@atmpritneate
layer, and at {gags PneifRKanOfiiRpHEsaS s rertmarkiedivanResiaged prruseminadasd layer

and the permeate layer. For example, in FIG. 1 the fluid treatment unit 13 may include two permeate

layers 14, a 15801804 exepd dRetlle dtifhPasirgaydr Nelpd NPt AmAtERReNifeHEEen each
permeate laygrelh@nastvestesst. |ayer J&sshye $lnidyieatmanyeditidy ofayaystivedinectiftléda solidified
thermoset 20 which hol layers_of the fluid tr nt uni : ulates the fluid
treatment unit, Jr?ﬁﬁ@/ﬂ{ﬁcﬁ? "f%rréﬂ rhﬁ?rﬁ?na?réﬁg?ﬂﬁéﬁtgf%%%@%ﬁ%ﬁ% féﬁ%@éﬂf é‘gtﬁ@r@nqgﬁgi}?ﬁ éheet 21
between the #lRNgeawenturharathadiud passpirsof thefieatimant i vraArestt stgiabe aX2MRRGf the

fluid treatmengupik dehdhrntie BPeseidiRantaudirectly to a thermoplastic sheet 21 which, in turn, may be
bonded, e.g., melt bonded, to the a%acent end Eiece 11,12, [0014A:I§'&1e_fluid treatment arrangement,

including ond §18bth &l GEBRIGNRHY4rES LAIERERNER HYAR ARt ‘DR A%PIRER de
various fluid passmgestial @, tesst lagssages; pesnedie passages nandier deteamitirl passageaayfor directing

fluid through the fluid freatment arrangement. For example, one_or both of the end piece Yy, be a
manifoid whidh N Qe e e sads f detsedces, A0 Sl IRETREEEES FENRC,
treatment uniSErSingilaiegeflidpaseageslindieirdtniatundiienéibe fit(d)nassagaily communicate with,

and extend toy{b@ i ipassaasia)diedas mapielthyiderROnIIPtF-arRBHIRIM BmELANoRIARIc sheet.

The passages may be arranged in a variety of ways to direct fluid serially, in parallel, or in a combined
serial/parallePRfaRhElOfkr PPRSAGRP 8 aRRENE AR AGSAMET ZRIFDRIE BISTRAGHACLUYER B¥ B fluid
treatment arraftgenientinidyrbeagangsdfer EngRRFaneonior deatdenpdkssg0dbireatele, the

fluid treatme%grr]{%ﬁ]c???renrgy]f%%?y \évonrrinlejer]%atle %ﬁ%%%é‘ g)%pa%?%e feed, permeate, and retentate
passages 24,25,26 in the fluid treatment unit 43eed, permeate, and retentate openings
30,31,32 in the thermoplastic sheet 21, as showimerfiluid treatment arrangement of FIG. 2.
Process or feed fluid may be supplied to the méhitd, which directs the feed fluid via one
or more feed passages 24 through the thermopkdstiet 21 to one or more feed layers 15 of
one or more fluid treatment units 13. The feee@tés) 15 direct the feed fluid tangentially
along a feed side 33 of each layer 16 of the flrgdtment medium. A portion of the feed
fluid passes through the fluid treatment mediumerelthe fluid is treated in accordance with
the treatment characteristics of the medium. Téated fluid passes as filtrate or permeate
into the permeate layer(s) 14, which direct thermate along the permeate side 34 of each
layer 16 of the fluid treatment medium to one orenpermeate passages 25. The permeate
passages 25, in turn, direct the permeate frorfluftetreatment unit(s) 13 through the
thermoplastic sheet 21 to the manifold 11, wheeepbrmeate is discharged from the fluid
treatment arrangement 10. The portion of the feed which does not pass through a fluid
treatment medium layer 16 passes as concentragéemtate into one or more retentate
passages 26 that fluidly communicate with the feesksages 24 via the feed layer(s) 15. The
retentate passages 26 direct the retentate frofiuidegreatment unit(s) 13 through the
thermoplastic sheet 21 to the manifold 11, wheeer¢htentate is also discharged from the

fluid treatment arrangement 10.



for tangential or cross flow. Only one of the end pieces 11 may be a manifold, and it may include one or
more feed passages 24, permeate passages 25, and retentate passages 26; the other end piece 12 may
be a blind end plate which blocks off the fluid passages. Alternatively, both end pieces may be manifolds.

The fluid treatment unit 13 may also have one or more feed passages 24, permeate passages 25, and
retentate pas€36k 26 Althierobxie HlvatiaietHa LIt e ereRiatanuenEOTharfasaepépriaageniial retentate

passages 24f%'§v,26tHthﬁc‘1i@ﬁ@ﬁ%ﬁﬂdﬂ%d@%M@@WMﬁ%ﬁnwmoﬁﬂﬂa@%f&r%dB& fsedenermeate,

and retentate passages 24,25,26 in the fluid treatment unit 13 via feed, permeate, and retentate openings

30,31,32 in tHOHNhBPLIRY JRideye any LAGRIRIR BRssHATRRd SRR AR A 5794 EY'S Brocess or
feed fluid mayupslisegplidd tomdndottamifotth 1He vwirelotditasitidl the: tfeed fhuitevibarnmplastiorshiesidpassages
24 through the ther. lastic sh 1 to ope layer f ope or.mor id treatment units

13. The feed a‘;@@d@?&%ﬂqﬁ%@ 'tﬁé?{ée '%Uigttﬁr%g%%%ﬁﬁﬁé oﬁ%%’ﬁé@d%?ﬁ%é"&? &%ﬁé%@er 16 of the fluid

treatment meRRGRRIRpARIdhfap@ IRveds uitihass retreeansapaesu il tpé thmeadfeig rasserdrenthe fluid
is treated in 3ReqEdANGGNMEN HIB (ERAIRRST G hrarterisHasak hermesti Bl ilhadrrated fund passes as

filtrate or permeate into the permeate Iayerﬁgj;) 14, which direct the permeate along the permeate side 34
of each layer @ She G RGFRAAR I MR G5 DR STRRGE RURHEAL0 PUsREHBEDE PRREIIEfmeate
passages 25Tietpendises s pgssdatarfrodiréoetfsigdneeinnemnt Hoid(seattbnough(gentoaghoplastic
sheet 21 to th nifold . 11.. where the perm is.discharged from the fluid treatment arrangement 10.
The.portion ol e A A S A oA B R R P I e
concentrate dﬁ@t@ﬁt&t@r iARgemedr more retentate passages 26 th_at fluidly communicate with th_e feed
passages 24 [[mﬁre feeRdRRHINERS Bﬁtﬁ%tﬁmm?eaﬁﬁéﬁggﬁa?r%%%l%ﬁ thedsirgiata fromethye fluid

ifo

treatment unit(s) 13 through the thermoplastic sheet 21 to the man 11, where the retentate is also
discharged froffFERB IR treBANSRAR SN Gt 1O TRRNIS MBYIIRNS MeYifl SYRBEPHBRIZRS ARt nt
arrangementski e arrengaerfandangriniigfioncatres dvigisRaiment enasge nmnitsagmaasiying the
invention may be, arranged for dead-end flow and may,not have any retentate passages. In.dead-end
flow, process STREHA b AL FSTEA THIRE 1L oI AR B Ui th ey 3R o g the
thermoplasticemeeemetitinientsirdriidtieateyne it wakidehargie fesdliaveneasingle pesaieaevia the
feed passagqs anciiiedeathieufi WA R HRRNIA/RAES 6, qﬂo?fnﬁ%;ree?ﬁbfwﬂqeﬁﬁéq(ﬁ?‘mm the

feed layer(s) through the fluid treatment medium as permeate or filtrate to the’permeate layer(s). The
permeate is tHéf HRBERSMVRHBRERAEER MY & (B) S trefitine dte DRSS R OTRCISe MB&fe passages,
in turn, directrtideepesmeate fegrrhe guid teaitrariimbiticaeghctoinarbapiastiysheanhtptasnanifold,
where the permeate ﬁ, tgefn dtischzi\r eg.from the fluid trgat ent grran emePt. [00 74%’het Fom[por}ents of
the fluid treat?ﬁérr]l?raerrélr'lger e errﬁay%éucrgn%%rrsé(‘f i%"ma%ry diférdh Wé‘%}s. Ij—lgroeux mp(ﬂsé, e frufd
treatment unitserflaig hisasraeyt ohitunagrbath dizesendasb dpesstaeadrtayeth& anhlfilsigeresitonetore comprising

the fluid treatpes nis JaREFSR FRL AU RARS TP e RS BIRACI ALY MRS et duid

treatment medium layers. For some embodiments, the fluid tfeatment unit may have a single feed layer, a
single perme8tdnayeid dcainsigieetinm:Heidn sAMmemcAimge SR FSdA BRIt PRRARF 8 MIsE diments,

the fluid treatoreid O TRENINSH GRcIEPTIINAYECIRRGh IRAYCISNEOth e ST M O4té RIYBIOIBOIWRPRROre
permeate layer

g, 20r30r40r5 interleaved with the feed layers: and t fluid
roatment o b1 G ey RTE! o 5 o RSP & FTREIAT FRA Eh RS OUF R SRS TR IPVBlrdnt uni
may both be pedrfeestdalzyiets vitfethe fmper sideadh dfult tessite emt divedliluidlagommapivetipgsiitned
between a peealy [3y&r fé‘grﬂjfﬁ%q%@rﬁééﬁ’éﬂéié‘ef%%d&@&%tfﬂ%l#%%ﬁﬂﬁﬁ@%ﬁ@%w% fluidly

communicating with the feed layer and a permeate side of the fluid treatment medium fluidly
communicatiR§ B YR afb flHifkirepBPaxawhpielan Hrae layaEs athes bemdketeatmeiaafium is
positioned bejwepBrarcbRatBgria layersl4 and feed layer 15 with the feed side 33 of the permeable

medium quidi~| ommunjcating with the feed layer 15 and the permeate side 34 of th mediumgH idly
CommunicatiRO i a ALRIESHUAABEPIA e A IERE RS LT Ly LS R0 RRyE B HE WA fhe feed.
permeate, andezBanreabmnmendatinelayeysr collectors/distritaito collect or distribute fluid along the

feed sides and permeate sides of the permeableame€te feed layer and the permeate layer

may be dimensioned and shaped in a variety of wagisnay be variously configured. For

example, one or both layers may comprise a thianchled plate capable of directing fluid



[0018]The feed layer and the permeate layer may serve as spacers to space the permeable media from
one another and/or collectors/distributors to collect or distribute fluid along the feed sides and permeate
sides of the permeable media. The feed layer and the permeate layer may be dimensioned and shaped in
a variety of ways and may be variously configured. For example, one or both layers may comprise a thin,

channeled plateneapd i 6ptirepRAgtRLGH eslGhEerriatraibliipodne Qidesiopiasspldid SAr@Ynatively, one

or both layergd s 82¥ KUTBf igR AR SR RlymRIA!IG S5 rRMSHEHR a8l RSIhRNDARIAGdIHih{reatment
arrangement of FIG. 2. The mesh may, for example, be woven, expanded, or extruded. Further, the mesh

may be fine &iduGh %o LIBPBRShEAYdTEXRMBYR ReAVaYrREaRedt MerdrtdedsEHRRREINRMTRN flowing
through the fimialyttesafinee ahondhaods opay hehetideineatg et iani bigden Suibdfonc esigevosatddonigh the
mesh layer t iall fluid treat medjum. Each layer 14.1 incl or more
openings, e.gp, eﬂé&l{)‘%{%a}ﬁ%%égg,hgéﬁjrﬁéﬁa%em&%ﬁﬁr%%%’f@a}/r?)d‘?o?sr}éﬁe%%téyegﬁgjﬁ%r@r%@%‘%ﬁ%ﬁi@ﬁ allow fluid
to flow throudttigeaviagidhiieiame MeRN BYEhtanaentaly pihedind teaimanonedushe FaeR @@y vary from

one layer to anoiBefdARGGABNRRAHNE SrnsRSHEEHIRYY RaS e EMAe REhadivid dtedpaag4ny For some

embodiments, all of the feed and permeate Ia¥§rs, as Wei as the layers of filter media, ma¥ have the
same numbefN/9E reiRARIE ARG INES st G T IoMolkfen o el dne Al R R RIRRHYF E¥. 2. The
feed opening(®le agntesinge, faed opativnd Btheopy hindotatgdrainnmens/side ahdthieclayer 14,15; the
retentate opening(s). e.q., a single.r tate gpening 32, may be located along an gpposite side of the
aver 14 15 RGeS R A R et o ecch
along the opusitedsiderisriceltkmtcedAnd pemente flayarand astthedapaspohiiltps BEAR, Ty layers of

the multilayer sty e MRRMBEARIRS BRXIGORRA BREHARMENRREHIGRITONRIBer aligned and

fluidly communicating with the openings in an adjacent layer, either directly or via a feed layer or

permeate lay& a8 BRRHMGLGn the 13 &8 honF HH Do mBiete JBRELPRESMBS AutyR& lseedithin the

fluid treatmerfloiitdanE Gidooienemiedinenss titegete marii &)< having rykingleriesd dpyaing smgle
permeable medium and a single permeate layer, e layer. of the, fluid treatment unit may not have any
oponings. 100TO) e DAL TEtaHe s B e et & e B A B b permeabre,
or permselective peridaateydpe ivrgsciLfrovaydre/lo¢ aiacheneudonipteeialp dstridides fpaerdrapie, a natural or

synthetic polyngeqiisiild IERYENIREAHE IR R BERIONER A% hatIAYer ArRR Y Fisyctures,

including, for example, a fibrous or filamentous structure, such as a woven or non-woven sheet, or a

membrane, SeRRERWeHPESHEPLHE FRUpoMEY FReR e FaE] BieRafh &R itbatRRYREEHIE may
have, or mayviagh irediiiediiybayanaitj-ekatzydacenhdiiflyiiraimart coaageternisiae e example, the fluid
iiphic, mol AR AE S dPBR T - ED Ot S e o Ny R ke
functional grdgssrsud hiaitsligasrdsooreagiy lotbleneats; te:g. nedidtgdsHeevivam £ himglic édlgddimek toasubstances in
the fluid. Thedflyid trRAMRRSBIMENHIMEAY B8ingle permeate, lageh layer of the fluid treatment unit

may not have any openings.

[0019] The fluid treatment medium may be permeable,p@.ous, permeable,

semipermeable, or permselective, and may be fofreedany of numerous materials,

including, for example, a natural or synthetic poér. The fluid treatment medium may be

fashioned as any of a wide variety of structunesluding, for example, a fibrous or

filamentous structure, such as a woven or non-webheet, or a membrane, such as a

supported or unsupported membrane. Further, digk theatment medium may have, or may

be modified to have, any of a myriad of fluid treant characteristics. For example, the

fluid treatment medium may have a positive, neg@atdbr neutral electrical charge; it may be

liquiphobic or liquiphilic, including hydrophobicrdnydrophilic or oleophobic or oleophilic;

and/or it may have attached functional groups, stscligands or any other reactive moiety,

that can chemically bind to substances in the flditle fluid treatment medium may be



formed from, impregnated with, or otherwise contain a variety of materials that function to further treat the
fluid in any of numerous ways. These functional materials may include, for example, sorbents, ion
exchange resins, chromatography media, enzymes, reactants, or catalysts of all types that may

chemically and/or physically bind, react with, catalyze, deliver, or otherwise affect substances in the fluid
or the fluid itdermnragirem. tierneanatedithtanheldieryinsasonaieaaty of ateratatipt bmelnadalar cutoffs or

removal ratinggfer SaMmmeIf@A HHAROWS JUBINBRIEFHIICIBRAIMANSTARAfRY SR G@a ks The fluid
treatment medium may thus function as a treatment medium of any type, including a capture medium or a

separation meHPRISuEA RS LS IS MRBERIRS [0 261 PREIPBRTSL: FALY RS B RS, 8F numerous
thermosetting awstlietials, ai cjpain thtamexaoiamicallyethalvgsieal ¢ iny, resist (inbludhitgydigdeiihdrether of
bisphenol A A), hovolac resins, cycloali y resin inated resin xidized olefins,
EponR and 6%%%&??55 Soﬁ/%fnslglgéﬁﬂ% uailrﬁg? %%i%%ﬁi(g@%@/gﬁgﬁrtiatigqé%%r%%e@ ',ggﬁel%tnrsﬁgﬁ)ﬁrated polyester
(including ortAwskitRaNaY HaKe gNIsehh g enss Pf dngjefseifidicae O\ RORIMYiar SxpRed] A
fumarate resipg), ﬁl%})’ét%‘éf@b(iﬁﬁlﬁﬁﬁaﬁaésc&nﬁhmg%i@ﬂ‘aﬁ&%ﬁ@@éf@é"n M@f%ﬁ“@a@h@]ﬁthaﬂy'ic acid),

a urea-formaldehyde, or a silicone, or a combination, e.g., a copolymer, a mixture, or a reaction, of two or

more of thesEFHAHE MY MG ax SRR ST TGP Fe AU NP R RIHEL JARMYR S'urethane
linkage in a pokeperafiddhpiitusheuwsh iaskd @ aficineheditive. solidified thermoset 20 may extend around
the outer perj | regipons 35 of the layers 14,15,16 of the fluid treatment unit 13, bridging the layers
14,1516 and5iting to A R T Sl B R e A e i
13. The therrfssataropiaag gegitasiahancerfey of she(lagediaucidyighaidtikspheaee’d B @BAyers

14,15,16 neapdlg1uteEIRS! ié}'/}ﬁ? hbie Qb%ﬁ@?é&hgoﬂﬂaﬂbé@@éiﬁé?%ﬁ%%%r BibfYONELbiaRPsstPheries

of one or more of the layers 14,15,16. For example, the dimensions of one or more of layers, e.g., the
outermost layet&HER) FePQIYAI( & FEstErith A RANIEETBHE @Pbﬁ@%%&‘%%ﬁﬁé@fﬁgr layers, e.g.,

some of the ipogefaye(m onadusing i Athdlit ¢asnen), nisegiae (ayers. dieysop@titadlarger layers to extend
(ﬁrr]s.'ll' e .thermpset may than exte dlb% dth ri heri?s of the smaller
ten ? Inciu

ayers to 2 o1 BEr DAL Ty BT ol ARt thdy B DS i ome o
more of the |@pexy 14515\1i6) aspicialyretiyacizbh daithr e afone ddebydeadregidieods, dillking the pores or
interstices Wihin, f1e8/ RS BN ASSHRS: Of GBS W AN SRS BPERIE Yt these materials,

including, for example, a two part epoxy reactidmene one part has a urethane linkage in a

polymer.

[0021] As shown in FIGS. 1 and 2, the solidified thermd@&&may extend around the

outer peripheral regions 35 of the layers 14,15flt6e fluid treatment unit 13, bridging the

layers 14,15,16 and holding the layers 14,15, 1i&l{igogether as well as encapsulating the

fluid treatment unit 13. The thermoset 20 may aonthe edges of the layers 14,15,16 and

the surfaces of the layers 14,15,16 near the pet@pheries. The thermoset 20 may also

extend outward beyond the peripheries of one oembthe layers 14,15,16. For example,

the dimensions of one or more of layers, e.g.ptitermost layers, may be slightly greater

than the dimensions of one or more of the otherrlgye.g., some of the inner layers

including the fluid treatment medium layers, cagdime larger layers to extend slightly

beyond the smaller layers. The thermoset may ¢xéend beyond the peripheries of the

smaller layers to a greater extent than the ldey@rs. Further, the thermoset may be

infiltrated within one or more of the layers 1416, especially any mesh layers, in the

peripheral regions 35, filling the pores or inteess within these peripheral regions of the

layers with the thermoset 20.



[0022]The thermoset 20 may also extend around the edge regions 36 of one or more of the openings
30,31,32 in the layers 14,15,16, including the permeate layer 14 and the feed layer 15. The thermoset 20
then seals the opening 30,31,32 from the remainder of the layer 14,15,16 and prevents fluid from flowing
between the opening 30,31,32 and the remainder of the layer 14,15,16. The thermoset 20 may extend
outward froml @982 dge ldtateespenti @803y 3 aadens\aconadhehetiEnEse of ene Ieyao1 a5 16 and/or

infiltrate the lgyepddniid BoRNeLHARLLMRA3G ANE RsHING 3Brthbae IRPEManngNRadibgents, the
thermoset 20 may extend around the edﬁe of one or more o&enin s 30,31,32 in the outermost layers of

the fluid treat®¥&ttmit 18 DY MeRehe et IRe9P 3R gf@ e femandeChiferESealant, for
example, a softgissetiand pusleas dsiidame fiovey ¢ ktene caipeding 3684l 3Renad geer egitiadar afe or

more openin iallyin the inner layers, fter y.even more effectively press and
seal against t%?g %‘Z%i%gg’g’%ég[ﬁg ?é%/ﬁe%r{gl%t %@% £ etggﬁél?%%oﬁ@r} % %?g?lr%ftgﬁc? é%ﬁ% e 22 or both
the first and sé:8hd2aa0d0RxeNBEDBHitaceieof thatid LhRnd oniyjisenephsdayer thbidhdset 20. For

example, theith@MQRR! RRBIAYESIANE GRAMESISTIBRSRGAUMBSRrAE S MUerBIARdaYeD gy, the

outermost permeate layer 14 or the outermost feed layer, on the end surfaces 22,23 of the fluid treatment

unit 13. The ﬁ?&ﬁﬂ%?é?‘?‘@f’%eéi% 8&%&%&9&9@%&‘% OftEHA% nlﬁkﬂ?ésdﬂé%@@%osl,sz in
the outermosiréaeicanuhie 3¢k sy feese?d @R ofdye dluwdhexiGent tinser he diemnasaia?anin at least

these regions of the first and secaond, surfaces 22.23.may bond directly to the thermoplastic sheet 21
overtying therShe BTE- S9TBL AT S b R S DS e BT e

outermost layOrMehertmsrie OpRHNoS RsEERB Gy Y i dieeisnd Serfete 2seaRnajadliryetlyneoittact the
outermost laygf et r6raaining BOLIaRAhIne e sHERRBRRIZFeHi@ever, because there is no

thermoset in the outermost Ia%/er in the remaining portion of the end surface 22,23, the thermoplastic
sheet 21 may4¥%the bOhHRAFES RRERGHSSITELBPHSHEFEMIATHYNS IR R 0F fRe M &iftface 22,23.
[0024]The enslifieresanap betherfigutashimeranyidifie ramppraystHeothexaoteie2@s Sbogwainpd GS. 1 and
3, each end pjece 11,12 comprise a body 40 which has a rec ular box-like configuration and
which has & (BRI SR A B ook e e ahsaraits B o R aheRS: e or both
of the end pigtiermest penmpeate Ryeadiaid thdiehiénelaslesyeahioortheoeediaidfpass @get3anidher a blind end

plate which hgs NRdUIHRRIFRIPS: ThE fRehiREITWRISCAGAMBIISHS ﬁ@@&%&%@ﬁ@é@f Wil the other

end piece comprises a manifold 11 that may include feed, permeate, and/or retentate passages 24,25,26.
The fluid pasEXYBLRAINGS FaridudR/ R ARG GHEEHN Ry RYeiRpiEY xR e g s ah e fluid

treatment unit 13. The thermoset 20 in at leastdlregions of the first and second surfaces
22,23 may bond directly to the thermoplastic sl2dedverlying the end surfaces 22,23. The
remaining portion of the end surfaces 22,23 maypm@a the outermost layer. The
thermoplastic sheet 21 overlying the end surfacg2®ay directly contact the outermost
layer in the remaining portion of the end surfa2g23. However, because there is no
thermoset in the outermost layer in the remainiogipn of the end surface 22,23, the
thermoplastic sheet 21 may not be bonded to thermwaist layer in the remaining portion of
the end surface 22,23.

[0024] The end pieces may be configured in many diffenenyts. For example, as
shown in FIGS. 1 and 3, each end piece 11,12 manpse a body 40 which has a
rectangular box-like configuration and which has@unting surface 41 facing an end
surface 22,23 of the fluid treatment unit 13. @néoth of the end pieces may comprise a
manifold which includes one or more fluid passaged/or a blind end plate which has no
fluid passages. In FIG. 1 one end piece compadasd end plate 12 while the other end
piece comprises a manifold 11 that may include fpedmeate, and/or retentate passages

24,25,26. The fluid passages may be variouslyigordd. For example, each fluid passage



may include one or more passageways or channels which may be straight, curved, branched, and/or
tortuous. As shown in FIG. 3, each fluid passage 24,25,26 may extend within the body 40, for example,
from a port 42, e.g., a fitting, on one side of the body 40 to an opening, e.g., a feed, permeate, or
retentate opening 30,31,32, in the mounting surface 41. The openings 30,31,32 in the mounting surface
41 may alignWathiBeldRIRIG 66 MATErABSEEIANRNFOO SEATNIREBONBY B2 siaiahénersathdsarehsidhe fluid

treatment unigddol RprRiN NG sHifacm i sheRing, 2,28 peen AeSieHaniarinareounting

surface 41 of the manijfold 11 without the openings 30,31,32. The mounting surface 41 may be generally

flat and may RA%% FsfRifexamp idiaRs bR ek SorPXGHGAPRS HERALIRE ALY 42 BB R
treatment uni¢.33. alfee dnpentisgtspciaceemaycadpe nivaiLER 3y tfacen temting Suefaceridgesraround the

exampie, i IR e o e e e e B T R R Mo
Assemblies, HRrafenngaditofds3Finrat@ndpidac d I nddigdicaimenbmie idg Peerimauetiagd in United
States Patentfpplicatiost Ne-pliddeflddiddied AmdovaiibahémetHihgd eatilad Mardfold Plates and

Fluid Treatment Arrangements Including, Manifold Plates. [0025]The end Eieces, including at least the
mounting surf3RBIEiNEHeE IR ORABINGE HO- Forexdp ATl Wirte hdngiete dRarsAHdahounting
surface may hedonsnehaivon shies mep distendronexaiplesrdasghreneaplssifaco @ [23 afanlyalédin,
including a polypropylene ethylene. and a polybutylene, The thermaplastic may.also be a
polycarbonat%,ggtr[])q(%}é}sﬂ%r%? g%gl?/iwpeﬁﬁg 2 b%?fvﬁ]ﬁyc%%?f & ,SallJ rg%?fe&?\%euéﬁsé&gtbﬁgggspoIyethylene

terepthalate @endri{ry) ongringsraRIEqNDR paiRhe podfidrafion ssthgie nBoMefxamples gblyacrylic, such
as polymethylmaibreryiataiisten asreiamiple, W@ﬁﬂ%@&’é@‘éﬁﬁfﬁﬁéﬁﬁ@wﬁﬂiéﬂﬁﬂ NRPGPf these

materials, includin§: for example, a mixture or copolymer oljé&olyethy_ene and polypropylene or
polystyrene aPEURATINE Jof ) ReEIHAHA L3RIAR!IFSH %W@'%tﬁé?%ﬁfhgﬁg%rﬁi‘ﬂieces,
including the tharoeplasithermsiiggrevriaats aryibe it SlaaennAgilitatvrySolincheling, 1er example,

by mach'“'“gnag R ”XS’é‘E“E‘HB?@%M‘SﬁEﬁé f&Pa'nar?“|%&%%eer¥uVH‘d%‘1‘Pea trﬁgnél\ﬁé%ygr%%r?@eet’ may
also be formed trom any of numetrous thermoplastics, including homopolymers and copolymers:. The
thermoplastidretiedit aMagifaithPlatethermoset, may bond the fluid treatment unit to the mounting surface

of an end pieggGonsejuegity iRty eIRgdMENE e ReHTREIS in SFei Ry include a

thermoplastic which corresponds to the thermoplastic from whi e end piece and/or the mounting

surface is foriiedNeRRSHierFRSHE3MP IR & GRSHBARE RPTEa the mounting surface may be formed

from a thermoplastic. For example, the thermogasty be a polyolefin, including a
polypropylene, a polyethylene, and a polybutylemibe thermoplastic may also be a
polycarbonate, a polysulfone, a polystyrene, aaoljchloride, a polyetheretherketone, a
polyethylene terepthalate (Dacfna polyamide (Nylofi), a polytetrafluoroethylene
(Teflon®), a polyacrylic, such as polymethyl methacrylateg an acrylanitrile butadiene
styrene, or a mixture of two or more of these mal®rincluding, for example, a mixture or
copolymer of polyethylene and polypropylene or golyene and acrylonitrile, or styrene and
butadiene, for example. The thermoplastic endgsieincluding the thermoplastic mounting
surface, may be formed in numerous ways, includimgexample, by machining, casting, or
molding.

[0026] The thermoplastic sheet, which may be an extruedtsmay also be formed
from any of numerous thermoplastics, including hpolpmers and copolymers. The
thermoplastic sheet, along with the thermoset, buand the fluid treatment unit to the
mounting surface of an end piece. Consequenttynmy embodiments the thermoplastic
sheet may include a thermoplastic which corresptmdise thermoplastic from which the

end piece and/or the mounting surface is formede tDermoplastic may correspond to

10



another thermoplastic if it is identical to, or in the same genus as, the other thermoplastic and securely
melt bonds to the other thermoplastic. Forming the thermoplastic sheet and the end piece from
corresponding thermoplastics has many advantages. For example, it facilitates a strong secure bond,

e.g., a melt bond, between the thermoplastic sheet and the thermoplastic mounting surface of the end
piece. In addRHhRrEGIREP RRiIC HdtipUee ot iachiti@sSHae Gan o amiiagpiheiitemerlasitand fluid

flowing througbdiii {4kl 88HIS & BRSBIABMhEHHGRRIENEI eRiasitsHRIR BIRibPeRdakraay have

similar melt temperatures, e.g., melt or softening temperatures differing by about 40 C or less. [0027]The
thermoplasti® §f&et OfREUHE DN PRSI GHAPRIBAGHLS 'PBRRAREIn A0 MG T RENpIRRYIRIS, &
polyethylene sandgseolyleuipianes. g. palyed bonddeaneenthifonptastipehsty tentha padyvioylastioride; a
polyetherether ne; lyethylene terepthalate ron(r)); a.Rol ide_(Nylon(r));.
polytetrafluo?c?lté‘ﬁ'%'}l'([:]ﬁeg(@gﬁ/grEDIZrX){heagﬁcgjl3|[/)<l;18(:‘1:rl%/liéﬁ,]i iAc u%%r%%gl)?/%ntgt%%/{ﬁgcé?ﬁac?i}ll%)fqe‘?)g%aaecshtlpgrﬁitrile
butadiene sty@n@otandialbhieiitAtced intpiigtivid dlowiiwaralthefftue eatiprnorsRes®bhaterials,

includin.g ' fOf%ﬁ@ﬂ'ﬂa@tﬁ@ﬁ%ﬁl&éﬂ%@ﬁ@|M€‘ﬁfeW&91M§HW$§E%M%PR\|¥E&@%%P&uFég)/@%.rﬁﬁm%lﬁnd
acrylonitrile, or styrene and butadiene, for example. The thermoplastic sheet may also comprise a

thermoplasti®ERIBRYY, FHRRAIMY & SHMEHRHRYRRUBAHHESS: polyolefin blend, such as a polypropylene
based elasto[oezryE.g., ey lindim cpléast cestivtriikel alsé & po lyieke havagpeisth e pobpl RS ioepelyrster; or a

thermoplastic polyamide [0028]The thermaplastic sheet be varjously configured. For many
embodmentd T o TR s et M N S e B R A RSB 2l shape o
the mountingrslliyieag; efnhly\dnylqbilecide; a1 atheratiednrl surtiidieps tsremshilatetreatment unit

13. The thickmg@hg yRRIeskGIshpet &ﬁx&%ﬂmé'?&&ﬁ%@()ﬁé@f@f@?@é‘b@!%&ﬁﬁ&h (0.33 millimeter)

or less to about 0.125'inch (3 millimeter) or more, e.g., about 0,040 inch (1 millimeter) 25%. For some

embodimentdMHHARARP YOS IERAIKAS AB GG RIIRReRe RYHRASH O SR EOMRXA IR Gl or
semirigid. Hosvenmaurioontapyigméodiments: theréhsirinepiaskdss hestidiay foe exBexiine sheaefurbhe
thermoplastic sheet may have osite surfaces, may,be generally flat, may be generally impermeable,
and may incl OSBRSS ol and the
fluid treatmermndniutfidie ohdarexary kuid bp drenye iretiistthesrdplacoin shee ariteyrheptastitar in size and

location to th@lﬁé‘@@nﬁ’é’ﬁ‘?ﬂi@%iﬁ%ﬁ%ﬂ%@%@%@c&‘%ﬁﬁyﬁf&%@é@wﬁ@ﬁcﬂw&{ ésd@ﬁ%@ép%%fé%ﬁ the layer

of the fluid treatment unit. In F ﬁ%thermoplastlc sheet 21 between the manifold 11 and the fluid
treatment unRASEHBRHAREfeB - periiBRtE0 o dRITBARIRS SIS IRBNE L BB ERECHIRF I with and fluidly
communicate:bgbdivestetherfeeterpepreatepdpshieientate openings 30,31,32 of the mounting surface 41

and the outer layer,of the fluid treatment unit 13, extending the fe ermeate, and retentate
passages belh the HEAHRSG TS AR R b At SRR e RetiSn bewveen
the blind endtptasize 266 dlhpioidnedharmenplasttclshaed wihemsayiaotdHve ey apksinags. of the

mounting surface 41 of the end piece 11,12 antd®mend surface 22,23 of the fluid
treatment unit 13. The thickness of the thermdigiahieet may be in the range from about
0.015 inch (0.33 millimeter) or less to about 0.1r&h (3 millimeter) or more, e.g., about
0.040 inch (1 millimeter) + 25%. For some emboditseincluding some of the thicker
embodiments, the thermoplastic sheet may be rigggmirigid. However, for many
embodiments, the thermoplastic sheet may be efiesheet. The thermoplastic sheet may
have opposite surfaces, may be generally flat, neagenerally impermeable, and may
include one or more fluid openings that allow flemmmunication between the manifold and
the fluid treatment unit. The one or more fluiceomgs in the thermoplastic sheet may be
similar in size and location to the fluid openirigghe mounting surface of the end piece
and/or adjacent outermost the layer of the fluddttment unit. In FIG. 1 the thermoplastic
sheet 21 between the manifold 11 and the fluidimeat unit 13 may have feed, permeate,

and retentate openings 30,31,32 that align withfeudly communicate between the feed,

11



[0029]The fluid treatment arrangement may include one or more additional components. For example, the
fluid treatment arrangement may include one or more alignment rods for maintaining the fluid treatment
unit(s) and manifold plate(s) properly aligned with their fluid passages and openings fluidly
communicating with one another. The fluid treatment arrangements may include one or more

compression ReUBSdiecaRthretRia P eniRDE S AL PhitpeyiPetEat trélaiy thecedterasipaye of
alignment rogss gacHERIMAPHR ﬁﬁﬁ%@r@ﬂ%ﬂﬁ?ﬂwé%ﬁi@&’t@ ndrilestataiRs a?@‘b@tﬂ@@ﬁ“on

Publication No. 2008/0135468 Al entitled Filtration Assemblies and Methods of Installing Filtration Units in
Filtration AssiBRIQIdLA Bl Spuddieatment APBARE EReBUBRERIG RS AP SBAYS Al entitled
Filtration Asseinblmsignatd/e2hadstoé Mantaaing Gamipieysiomal ritratos blnteperfit@tion Assemblies.

Alternatively aﬁtlgg?gfltlo%lg/ﬂ Lt]hée}flwg rﬁe ?t(,gnr %% g_% |u|8 nﬁg N %&%%gﬁglvelxo He&)g)x\é mln a

mechanical hydraulic holder or press. rea ment arrangements em
invention maﬁ@eemelentheﬂwwgnema@réamwmwmmasmem@mmma r@elatf@rent

arrangement%m%mﬂy%me@m@n@aﬁ ahRRiAUTASRAOPLES) D AR plasgreamh fefMaay
IS

embodiments, the surface of the thermo&sastlc sheet which faces an to be bonded to the fluid

treatment uni??ﬁﬁ?%é AhRRSNRS . WADS RO HIbERHEE W BPRemil AR HIBdifalnedbiter the physical
characteristicsrandtamn tresaieicauckasacterisiios obtheresﬁ&afmmimhaﬂng the oo ¢ betvwesn the

thermoset and t g urface o the t ermo Iaﬁlc sh dlff rent surface charact rlstlcs of the
etween he iec F xar%) es 0 % s an comﬁdeaqswn rqﬁ
thermoplastic sh et may be mo , iIncluding, for éxamp e texture a e surface tenS|on or

surface ener@ﬁ%éuﬁ&@éaﬁrﬂiﬁnm éﬁpwtét@tﬁ%@@ﬂmmBﬂhm&@nd\bhé@@ﬂﬂ@&ﬂ%@éxtured, for
example, iregylapyiexitiesichdas B FRHIS BRI IR BAARRY PliFSEAUNIEFUtfRFafol-» Py embossing

the surface(s) with small r |dEes and valle%s or other surface features, to enlar&e the surface area to which

the thermoset'#RfBBIRE YRR 7 ﬁt&‘fﬁfﬂ&%‘ﬁﬁ%‘é@?%‘lﬂé‘ﬂ\@ﬁ% 4366¥hEdt may be

modified to abatidlbe stmfmmteeemﬁuneewﬁawanmwommtmmmumaumamnm Mhich

enhances the:l?ond between tlhe thE mos a]nd the e Rﬁlaﬁtlc heet, F r exam Ie f?r mang
emblies Ilrterpa} ively or.addi rea men arrangenients m e
thermoplastic s ?s mcﬁudmg a polyolefin's eet suc a po ypropy ene s eét,"an or many

thermosets, m@mmﬁgsa/allsettwheﬂﬂmhédrﬂwhm@@! ahe/eubitive@deion pfehe thermoplastic sheet may be
increased, e.ghpdtf) 10 ghHQHT t?‘Qa%@ﬁFéﬁ%r?déﬁferﬁs OR53d7ihg SR sReRgEMPRigsyc sheet may

be modified in any of a varler
different ways. For example, methods of makingdfloeatment arrangements may include

modifying one or both surfaces of the thermoplasitieet. For many embodiments, the
surface of the thermoplastic sheet which facesatmbe bonded to the fluid treatment unit
may be modified, e.g., physically modified and/bemically modified, to alter the physical
characteristics and/or the chemical characterisfitse surface and enhance the bond
between the thermoset and the surface of the theastic sheet. Many different surface
characteristics of the thermoplastic sheet may odified, including, for example, the

texture and the surface tension or surface enefpg. surface, or both opposite surfaces, of
the thermoplastic sheet may be textured, for exampegularly textured, e.g., by
roughening the surface(s), or regularly texturegl,, &y embossing the surface(s) with small
ridges and valleys or other surface features, karga the surface area to which the thermoset
will bond. The textured, or untextured, surfacefsthe thermoplastic sheet may be modified
to alter the surface tension or surface energhettiermoplastic sheet in a manner which
enhances the bond between the thermoset and tinedghlastic sheet. For example, for
many thermoplastic sheets, including a polyolefiaet such as a polypropylene sheet, and
for many thermosets, including a urethane-linkesrtioset, the surface tension of the

thermoplastic sheet may be increased, e.g., updota0 dynes/cm or more.

12



ways, including, for example, by means of an e-beam or irradiation such as UV irradiation. For many
embodiments, modifying the surface(s) of the textured or untextured thermoplastic sheet may include
subjecting the thermoplastic sheet to a corona discharge. When the surface(s) of the thermoplastic sheet

is subjected to a corona discharge, the electrons generated in the corona discharge may impact on the
surface with €& Hies siffGerats (exkhpsheronenlagt o shast dheth Bimeipea R e atvagie¥Oradicals may

react rapidly Wi{sOxieridneyPredesimpidhe oo dissha gsaptMiktisdiairingdree frditalprn the same
or different chain, resultin% In a cross-link Oxidation of the surface of the thermoplastic sheet in this

manner may PSSR SN SROSH ¥R, AR FYHE G FRRREEH S P TIRAHY FGr BetRPRIRRHRG by the
thermoset anshesharagingihdebamjebetyele tie el ieticsact therth eliscbplasticvsherthdse of a corona
discharge m X e, Jal f nsion. hermaplastic sheet out 40 dynes/cm
or more. A par {é%gisjc?\}gh a%%i%%?ggrﬁéeﬁﬁgg of sslﬁjr[?] %%%%é&%{(g‘n@%%é %gﬁasd%lqﬁég%ﬁgéhemical
additives magereiried to berraiepatispoa@eropeiaRasieondiace vsihanerdtnauifRiidoRigieing
chemicals mayehid JIseH AP TERRSE e SuFface. faidontigmdeHs MaMbERg ABRIRASRIPKXRERRRNCE Of

extractibles that can potentially be introduced intg the fluid flowing through the fluid treatment
arrangementPRSBHE PSR SOHBRALCHRIR feutii@NOM®e :RE5eAdNs SRAIRCHE &irface tension.
This processdisgs, apsokirgeinadenidtaniako Oseddadresf Gwytaesn. of hik fleeaspiendistreemctisisvith the
surface of the thermorglas&'{;e sheet and rﬁlises he surface gtraurinjj%éA known ﬂisadv%'gak%%with both of

these processmeasn|nse{haf3t the eq'fg]&r?ﬁigy? F]O% %%rflt%%%?gg{% an mayt Pssa'\%rﬁ)’e%ro\\//vvf n days fo weeks. For

many embodireits, i ehthenosseand s hameied thethendd@iiide sigfamse) afdieethermoplastic sheet
within four dayg @f shiesnadhecsutiRe el siond0N3NIg RS 4 msking iy igh &reatmentarsapgments

may further include forming a fluid treatment unit and bonding a thermoset on an end surface of the fluid
treatment uni§itBBIR 28R G RIGHEPIO ARV b AV BSS AT s e RHEEY [ SHNRRIARB TUiBISreatment unit
may include ass®owbhguarateltifesensttusting mchuting hélieiast anditfees tayepeaidedsb @npaereeate
layer, and at Jeast one layer of a fluid treatment mediym positioped between the feed layer, and the
permeate lay SO (58 A Bt e e R e TRt e La tayer and a
permeate siderepalte thersueialske favdufindinfuiilysovinmirigsthssidieHrtregremat &g ragtnes dhating the fluid

treatment unig ey {ERRGH BEHHR AR NI GHHENATR\GRPBE S ROAGIATHESISGH aYShgHifdpermeable

medium layer, and the permeate layer. Assembling the multilayer structure, applying the thermoset, and

bonding the HBANGESITYhERISHRIPEI TABRIDEHe TR AIBHIAS fe iRt fvsybERIRSR TRl or

contemporanenidyede8s sHeer Ak yherfhidi tnaaine éreatesyd dntiig flee Bieguaseétordaetsnodified
surface of the thermoplastic sheet may include applying a liquid thermaqset .in the edge region of at least
one opening fh éh%éo e%?ﬁ:()es?Eaﬁf/%ﬁ?%%rl:ac%fe?ﬁngogsttap %‘ﬂ]a 8 ll'é%é:re g(raré 'ogutg‘rr%no&sweed layer, of the
fluid treatmenisatyaRtadastithdmtthef linede: thronassss isithatiteapplecdtn bethrxidestvithedot@ymost

permeate layged4odieiR e AR0IBNREIR IR IRR e thaR EIE Nalf BRENRGP RO At fluid

treatment arrangement shown in FIG. 2. The liquid thermoset may infiltrate the outermost permeate layer
14 and form H9<ReFEiSHRIBIREHE @ EibestiesreRiasie hRef i Readene LA iRdANR S ERSE regions 36
around the opgfigs 30,32. The thermoplastic sheet 21 with the modified surface, the outermost

te | ith the liquid. th t. and al 16 of fluid treatment ' then b
bressed togel bt AL AL S60s L s el GRS e OB e D DPe
thermoplastidlshitie¢ 2inpre sseichagdinstithg diduidniosernos athandabe of thaifidier tafatmemndistrface 22 of
fluid treatmenpag 13 tﬁB%&ﬂ@&’%ﬁ%@éT&?th@ﬁ%ﬁ%gﬁ_&@ﬁ%é‘?"%Pﬁ'ﬂﬂ‘ﬂ?e‘?i'fﬂ‘ﬁﬂbéé%gﬁtrﬂﬁﬁﬁﬁed

surface 43 of the thermoplastic sheet 21 in the edge regions
may include assembling a multilayer structure idaig at least one feed layer, at least one

permeate layer, and at least one layer of a fhei@tinent medium positioned between the
feed layer and the permeate layer with a feeddidee permeable medium fluidly
communicating with the feed layer and a permeake sf the permeable medium fluidly
communicating with the permeate layer. Formingflhiel treatment unit may further
include applying a thermoset to one or more offéleel layer, the permeable medium layer,

and the permeate layer. Assembling the multilayercture, applying the thermoset, and

13



around the openings 30,31. A second thermoplastic sheet may similarly be modified and then bonded to
the outermost layer, e.g., an outermost permeate layer or an outermost feed layer, on the opposite end
surface of the fluid treatment unit. The thermoset may bond directly to the modified surface of the second

thermoplastic sheet in the edge regions around the openings in the second thermoplastic sheet on the
second end SfliRIGhehbelmeseidmibemedifiicoos sfreraiiithe plaklierehaeienayPedid bonding the

thermoset to §pg BAMR) S eLbRempbiaRdAgRoPlastic sheet may include applying a liquid thermoset
around the perighery of the fluid treatment unit, e.g., around the periphery of one or more of the feed

layer, the pe le nfeiMiAgA0e fudd ﬂ?&%ﬁ’féﬁr@ﬂﬂ@ﬂ?%iﬂ empret iRdhrMBP R s of the fluid
treatment uni$ua‘ay:ethfetﬁlerteefmlmmshpetmtmmwrlquIaylae$mtf>§btiﬂ1tt‘mmgetrqm@ﬁ\a, may _be
positioned and pressed hetyeen ine, guietmoshiaysisrgdBHelbonded e hermpplestic sheets with
their openings aligned. Priorto posi |on|ngL{ e inner g\yérs between the ou er?aygrs, a sealant may be

applied to theoeigieeehiond laysiinel the Hperopatnedipakinigasianes imfeliqdibiRemgsahepehteate
openings in thgdeaddyets oAb he66@ AL pENRRLRENINGR IBIGE RETBIRE [aYaR iRcreate the

desired flow passages within the fluid treatment unit and to isolate the feed and retentate passages from
the permeatd §5800 €IS QRAMNPATP oA g i ARt LG e B QA 9 ' Suéh 48 silicone,
to prevent anjydamiagentasthenapnefiielieate fhitk ireadnabstegia 1B stance: leastoportiortieg fluid
treatment arrangement.of FIG. 2,.a silicone sealant m e applied to the edge regions 36 around the
pemeste onam a8 R 2. R R e B e B
between the éﬂj&&eﬁhayb?gnl@o!ﬁﬂl@idhﬁ@éﬂﬁemﬂhﬁb@im@ﬁﬁwﬁ@@utbﬁﬁuﬁrp@?ﬁﬁ@af@%@t@rblq previously
bonded to the AhgrmapRiafifeesitodd: AdadihierecsgRar-hianRaRRios arRuskhrpssiphery of

the fluid treatment unit,_e.ﬂé, around the peripheries of the feed layer, the permeate layer, and/or the
layers of the HRAGHERIHRMFHLRSNARS SHoRRARIFAIRE m@qiaﬁﬂjsﬂﬁé?ﬁ?oﬁpﬁﬁiﬁ be applied to the
outer periphetarragpastiofstesferdpessneaifainstcity fdaesizeame dierelagaisdreiometbay are pressed

together. A vacyum lied to the openings in the thermoplastic sheets tp pull the Jiquid
thermoset onat e 2o S e ne A, el Be e ey el STl Rl e e
openings 30,8iteBRyiraieethedifigsistitash e o2theghiimgabie shpat 2hénrthssedopregimnp&hpheral regions

35 of all of the|gyey §h7e4oi!a§ri"rﬁgt¥"§k§*,%‘?t.thﬂ g NRERAS TR INEY'&IRiIARG BE MetRehthRMsSh layers

14,15 and/or the fluid treatment media. Alternatively or additionally, excess’liquid thermoset may be

applied to exRHWBUIRAPEIP HEYHAT! tRED e fifshetlt 8 BEBIEBPATR[RYS Pl apsieMPIHass! [B6H5]The
thermoset 20omeetbppostieantd solittite bomdingidirectinéatTena abified satriae Wehaldirectiyegnoplastic
sheet 21 aroynd the periphery of the outermast layers 14. holding the feed, permeable media, and
ermeate lay e THARE SIS ] i A T R B DL SHHE A U oS (e mermoset
around the penphiagsah tihe faith tre thrrentpliadtis shiscethentthenth e d sutfecexidhierfoidHeefititetieatment
unit, while the, sgalant, including the solidified thermoset and the silicone, around the appropriate
openings in the Iaigers seals the feed and/or retentate passages from the permeate passages. Further,

the solidified osef RSMIRI SO Hidh ErRBIEN i QiIHRNEINE A BUIRPERHPTBRI AN example, in the
peripheral regigfscefdhe@uiermesilaiespeeGn i touiasanphioURPAE MRS 6 U agermost feed

I , and/ ound the edge. reqi f i in th t tl .Th lidified
thermoset dir&ES BoRAL U T BHEATLAIRLCE or 5eRABRTIBhFRLAL N8l MAre Bt heysRE. nghiy
securing andiggalinigecpmimiaria optastio syeet e tuh EciagetadeooEraanidlad ttre atmariayeis. athe
remainder of gagf), %‘We%‘dﬁ@ﬁ?dﬂﬂye?lf,fﬁf&ﬁﬂé?%@& 8¥ 5 RRSHAMSErS: Sndts YIS IMSIRErMeate layer

or the outermost feed layer, and the thermoplastic shee ag not be’bonded directly to the outermost
layer. treatment media, may be positioned and pressedebattihe outermost layers previously

bonded to the thermoplastic sheets with their agaligned. Prior to positioning the inner
layers between the outer layers, a sealant mapjiesd to the edge regions around the
appropriate openings in the inner layers, e.g.pdreneate openings in the feed layers and/or
the feed and retentate openings in the permeateslalp create the desired flow passages
within the fluid treatment unit and to isolate fieked and retentate passages from the

permeate passages. The sealant may be the Iiegritidset or a softer sealant, such as a
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[0036]Methods of making fluid treatment arrangements may further include bonding the opposite surface
of one or both thermoplastic sheets, i.e., the surface facing away from the fluid treatment unit, to the
thermoplastic mounting surface of one or both end pieces. The thermoplastic surfaces may be bonded in
any of numerous ways. For example, the thermoplastic surfaces may be solvent bonded or adhesively
bonded. For Fiianentd amirintanyHaass opastio oigrRrlBaihHgaie eelahBeitd doodingta)ae. @se another.

For example sig/PRRIGESI SRS AG RTINS G aHERRRstiesBRes vd antkinehp HBQRaRts mawnting

surface 41 of an end piece 11,12 mamﬁbe exposed to a heated platen to soften the surfaces 41,44.

Alternatively, S8 FFRAPH SRAMY RIS REEISAE RRRY M5 AL NG el iy aRtH RS ide, BV ibration
welding, maytisenusegoditienedtsiadpoasssg swaca ¢k eidjiagennd Pielckullliis2mmnehthaesiidicendpposite

surface 44 of the rmoplastic sh 2 h ftened. [ any embpdiments,
olrjlly the area@%r%%nﬂﬁ% %%g%%%%e%% 5?%,‘%%‘{@%&2%%5@%% éﬁ%ﬁﬁoﬂ%\i{%\%i‘% ,SZX af?\qﬁlltt%ﬁel
periphery maip@eneeateaaariteibhe sepliqgharsoneribe Beifaefiugierinerinbd gresssaulitectly
together Withtﬁ@%é’ﬁﬂﬁ@i‘%ﬂqur%f’l%‘%i@@t?y@p,'%%%Hméla@]&ﬁmepiﬁétiﬁy@%tmg ﬁHféQF@aﬂﬁe@ﬂgned with

the corresponding openings 30,31,32 in.the thermaoplastic sheet 21, tightly securing and sealing the end

piece 11,12 tB'8HPHANREIAGY Shademongll, e RETResRli fe ARl GHICLE 6% There are
many advantpgesasanegiecswitithe rfizeripeemisacd, thad gt nfeoliexaaypls, ixforothéyirgehe
surface(s) of the therma tic sheet to enhance_the.bqgn tween the thermoset and the thermoplastic
et he tholeond] TSt B e bR o S S RS (TS e ot
additional solvethtBe didbisktnesnosefauretterpesiphgimlofstyf ibdlare shd-opexamplefexacidtivles that can

potentially copamiaaiffiuis BaninspHPHeserfuic i BRHRRRISA SGEI oat AIRNISIRG fyfae more pure

and contaminant free permeate and/or a retentate with fewer or no additional contaminants. Further, for
many embodiifEMeSe HEANND RRIRNEHI Felnsmy Pthalidviradé dridneids Biatigutid treatment
unit. By provigiegraseermagpiaitiatshert betveentittheiyeontostc and/piane fud theaffoihtreatment unit,

the thermoplastic. end piece may be tightl d secure nded tq the thermoplastic sheet, forming a
Stront, leak SR ot L S G S e AT b e PLREp SX58 ally around the

openings and)tlﬁwqr_dwbmnwnh mimlheriﬁapfami@ @h@@lﬁﬂﬁeftam,rsigﬂt%a]rﬁj securely bonded to the
thermoset ij??(%g}“d R R ﬂlﬁrﬂéﬁﬁm@ ; MRRiReR Y95 b EqRYg Rigucture easily
iths ed with pressurize

capable of withstanding the forces associa Huid within'the fluid treatment

arrangementSYeRIFDAT 18R MSHy RIAsHaiRhesis2tha aIfisIRaR R HerReteBRgt ta¥alet thoplastic sheet
may comprisadlanigsnencéey tearmaplashicsianchmpyrhreation r8eishogeaed dunatbhiapaaaamgther
e R e BT e el e e S e o
treatment unit seals the interior from the exteoibthe fluid treatment unit, while the sealant,
including the solidified thermoset and the silicoaeund the appropriate openings in the
layers seals the feed and/or retentate passagesheopermeate passages. Further, the
solidified thermoset forms a portion of each endame of the fluid treatment unit, for
example, in the peripheral regions of the outerrfey&rs, e.g., the outermost permeate layers
or the outermost feed layers, and/or around the eelgjons of one or more openings in the
outermost layers. The solidified thermoset disebtinds to the modified surface of each
thermoplastic sheet in these regions, tightly saguaind sealing each thermoplastic sheet to
each end surface of the fluid treatment unit. fdmeainder of each end surface may be
formed by the outermost layer, e.g., the outerrpesneate layer or the outermost feed layer,
and the thermoplastic sheet may not be bondedtljitecthe outermost layer.
[0036] Methods of making fluid treatment arrangements foayer include bonding the
opposite surface of one or both thermoplastic sheet, the surface facing away from the

fluid treatment unit, to the thermoplastic mountsugface of one or both end pieces. The
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flowing within the fluid treatment arrangement and provides for a much more pure and contaminant-free
permeate and/or a retentate with fewer or no additional contaminants. [0038]While various aspects of the
invention have been described and/or illustrated with respect to several embodiments, the invention is not
limited to these embodiments. For instance, one or more features of these embodiments may be
eliminated orthesafAe@icorsiaeen draydmiperiet o amnsh SaRtRYRYHay PeezdmBincgvith one or more

features of otfygraBprRstiBGNIR ALY Berasiiae THRMIKE SSRRR Hohetlvertionatven embodiments with

very different features may be within the scope of the invention. [0039]For example, a fluid treatment

arrangement RPN W HERoRIAstne Wiarsih DAY L eEBraa Are Rl QiR RO AhE i@ reatment
arrangementeram ple,imilepgodine flufd deetdrotthicattiangepitict @ DA RHGHA withoow Hwtidblind end plate 12

on one end. A thermoplastic sh 0 other.i meabl er, Wi nings.may be
bonded o the A DEARG TS 4o b SmbAe MEmAE Y At S
treatment arravigesasrtl AtterhliginEilyedr, sohee keabbeandesnsianestinal ydagnment cantaiderint may be
similar to the\ﬁé‘i&ﬁﬁ@fiﬂ%ﬂrﬁé@'&%fﬂﬁé%%%ﬁ Hg; mayiRed! theddngrensbalaieg ddhdenibgth ends.

Again, a thermoplastic sheet, or some other impermeable layer, without any openings may be bonded to

the end of eadd% Y RIBSEMEAANLHESHEGIRPROSHRSHTRRILING BRTRARIARIC fAlid e Rment
arrangementh240 sl andiherdkxdovpecs forichiepenasicdiienigenteatoasyioand thaifeiisgn both
ends. The flu%tﬁag?%nttﬁrran%ement 1é)tﬁhown in Fl have. man featltl)reﬁég tggrgrrlglon with the

fluid treatment arrang’enﬁenetlsai [S)r%r\%%r&sly %gggr%%%?ar? SHOWR M EWQ% eViots (ﬁgures, and analogous

components apiededtifidtbwifiehedssuiacesetdridenmanibenkzgadwieetlyftnoeibduldtireamasnt
arrangement 18, 8heiidpehlfy<f2 9thHNd RigGRE opRIBRMERIRIIBR SR EnldR Lng manifold 11 may

have one or more feed passages 24 and one or more permeate IEassaé]ﬁ;:'s 25, while the other manifold 12
may have onEoSFERBNBEARSR N30 Gds32dN Hife GNP BIETEEA LA IR IpeEh e HLARBERSf feed,
permeate, anéigenngade metkumtiayarermibisidkiicl sreinag wai, 13 wedwilinddthehtroal, 18r example,

include three eat é‘la ers 14, i.e., two outermast permeate layers and gne.intermediate permeate
Jayer: wo foddors 1o EAE AN BB R o L PP RS AL EShit weatment
media, each pxampkbleymetifyintathe 16 oei(g) mhsitioinedariivekeehtp@mnheane igehdnt hedvwetsed layer

15 with the fegd §de g3 AUl FRMRHAIEAHSG BN HERRERYEH P AROSKGRAYBEAIR Stk duidly

communicating with the permeate layer 14. The feed passages 24 within the fluid treatment unit 13 may
be arranged B&ISER \‘é@‘éﬁlﬁ&'@%ﬂdﬂ%bﬁlﬁﬁ%%%ﬁ%@ phGRMeSHY AaekRiRe PASsage 26

within the fluigignificantly reduces the spectrum of extractilthet can potentially contaminate fluid
flowing through the fluid treatment arrangementgyuling a far more pure and contaminant
free permeate and/or a retentate with fewer ordditianal contaminants. Further, for many
embodiments, a thermoplastic end piece may be fx@the or both ends of the fluid
treatment unit. By providing a thermoplastic shHesttveen the thermoplastic end piece and
the fluid treatment unit, the thermoplastic enccpienay be tightly and securely bonded to
the thermoplastic sheet, forming a strong, leakttigermetic seal between the end piece and
the thermoplastic sheet, especially around theiogerand the periphery. With the
thermoplastic sheet, in turn, tightly and seculminpded to the thermoset of the fluid
treatment unit, the fluid treatment arrangemeat lisghly robust structure easily capable of
withstanding the forces associated with pressuriized within the fluid treatment
arrangement. In addition, for many embodimentghikemoplastic end piece and the
thermoplastic sheet may comprise correspondingrbglastics and may be heat or melt
bonded directly to one another without the useobfents, adhesives, or gaskets. Again, this

significantly reduces the spectrum of extractiltles can potentially contaminate fluid
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treatment unit 13 may be arranged to direct retentate to the retentate passage 26 in the manifold 12. The
permeate passages 25 within the fluid treatment unit 13 may be arranged to withdraw permeate in parallel
from each of the permeate layers 14. The feed, permeate, and retentate openings in each layer 14,15,16
and the thermoplastic sheets 21 may vary from one layer to another to effect the fluid passages shown in
FIG. 4. For e{awipWHincketdpseiferigrenbgepngemaptayisdesdar spemiely Baremesidddut no retentate

openings on Hup@hplapdRc Haenaues adduhiadhmisramk?'sr he BtdAYE SRR Rsretentate

openings on both sides of the layer 15. [0041]The fluid treatment arrangement 10 shown in FIG. 4 may be

made in a vaHERPbr waYSIFRIRRS BRPERT Of the INGALYR RAuciBESHHedAnkar FHEMaaANEY thermoset
20 may hold tbedag/msb&éﬁl]sﬁrtbg@thentgnbapsummmﬂmiehtteahmbmﬁbdiaamd. feon a portion of
each end surface 32,23, 0r RIS e hermosel 20,ausen AIoHEd e psiahersledian of each
outermost permeaté layer 14, around the edge region of the feed opening In one outermost permeate
layer 14, andra@éRifrptHEe e 0hene gionetithenidiamtie esyepirdipvitherdtiese ieatas of péaieate layer 14.

One or both griassmémd el dhedssmagirshs mhegisselompyipmatiisdahBERveNswigscribed. The
thermoset 20 on each end surface 22,23 bands directly to the modified surface 43 of each thermoplastic

sheet 21, tigMRN6EHEETRY SFAIWESIMBMRE WIS SRIREBHMSMBUNe thermoplastic sheets 21. The
opposite surfpiassj44 ofthexherpiopdgiic sbaetedlaimbgemsrayie hansetpecs, dreatdondeth to the

thermoplastic mounting surfaces 41 of the ma 'fo{lﬂ 11.12 tightly securing and sealing the. fluid treatment
unit 15 ang te e e, Rt e A SR S SR R M e =
treatment arripgimeshamriyoraenbhlvierire diatdhouinifedEmd o itedlé cureraeatafgement 10 shown in

FIG. 5 may hivempisiRaHERS, By COmmBmyy i BeeHLibEGRFAB I KA kY BESYiHdely described

and shown in the previous figures, and analogous components are again identified with the same
reference nufRéRESNIRLEVFUg ERRIMGEL {EXPRERELFFHFERAHE HatNg B! ¢1e OEtSiHIENd pieces
11,12 may carsptisenblinchegendate saviinetit/alyy fivisopasedignenas, ikkdfiapenézgsménthe mounting

surfaces 41. Further, the fluid treatment arrangement 10 may inclu ifold 45 posijtioned between
e oo piec AT nGEman: I B ALY St e e 6 RO S B o
the manifold g6chelateehtie vrahifticagsaneite aittepipkiteahdbsostoathsetropeimecableore fluid

treatment uniig, 13 G, CRRPSIER IR A4 HEaBEHRlY ﬁ?tﬁ@%&&mtﬁ&m?éﬁfﬂlgrﬂ%ﬁi’f‘%?&s%‘er end
plate 12. The manifold 45 thus serves as an intermediate end piece between each set of fluid treatment
units 13 and &8fpanifold, closing off the ends of the fluidateent arrangement.
[0040] As another example, a fluid treatment arrangemeyt Inave manifolds on both
ends. The fluid treatment arrangement 10 showri@ 4 may have many features in
common with the fluid treatment arrangements 1@ipuesly described and shown in the
previous figures, and analogous components areifideinwith the same reference numerals.
However, for the fluid treatment arrangement 10ishn FIG. 4, both end pieces 11,12 may
comprise manifolds. One manifold 11 may have aneaare feed passages 24 and one or
more permeate passages 25, while the other madifotday have one or more retentate
passages 26. The fluid treatment unit may havenamber of feed, permeate, and
permeable medium layers. The fluid treatment LBishown in FIG. 4 may, for example,
include three permeate layers 14, i.e., two outstmpermeate layers and one intermediate
permeate layer; two feed layers 15 interleaved thighpermeate layers 14; and four layers 16
of the fluid treatment media, each permeable mediay®r 16 being positioned between a
permeate layer 14 and a feed layer 15 with the $eal 33 fluidly communicating with the
feed layer 15 and the permeate side 34 fluidly comipating with the permeate layer 14.
The feed passages 24 within the fluid treatmerttiimay be arranged to direct feed fluid
serially through the two feed layers 15, while tbntate passage 26 within the fluid
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end plate 11,12. The manifold 45 may have a body 40 with one or more feed passages 24, one or more
permeate passages 25, and one or more retentate passages 26 which fluidly communicate with feed,
permeate, and/or retentate openings in a thermoplastic mounting surface 41 on each side of the manifold
45. For some embodiments, the manifold may be positioned between the end plates but adjacent to one

of the end plateatrgilie/ailsifgleayeie fRERBIRCHR Fir e detesMBineelritathB§I583R2RiIBhEE on only one
side of the manifpie debveritthermeaiéold aa¢ dhe gthrh iR mEN MANIEIEBY Hithtidude a

mounting surface with openings on only one side. [0043]Each fluid treatment unit may have any number

of feed, perm¥ERdram PoERAE P EER) FAXy BN IATHNE MREHRYE Selt alih RS HeRt T0P8I% %5, each
fluid treatmemttemitals opayirigs exeacpl&yiechyeswe audetraugilpsicsatettayersdydyaydrtaadiayer 15
between the permea 14 an layer of flui a t medi rmeable medium
layer 16 bein% %S?Iéﬁé?]xgé %élgﬁ%é%gﬁ“eaa ea%ygF é% %a& fggﬁé&grg%@%%m%ﬁgg side 33 fluidly
communicatiRgWigah @seed 4apey 1 eha thedrepaitagcosidedatMadBiesaimopmtion enitherdhfsrmeate

layer 14. Thesfggdr Resmgate, ANghiRIaNat ORSRIRIs age hdayainkiol RAS IRV dRR ifiRisA IRy vary

from one layer to another to effect the feed, permeate, and retentate passages 24,25,26 within the fluid
treatment un®t(€598" i5da%eG  Petentate, and permeate openings in the two thermoplastic sheets 21 next
to the manifojdo4g] mayTibe ftlen ticelttodioseapigdracad]aoeshioper inga@dg\es srkbl@nddhanaguoting
surfaces 41 of the manifpld 45. Howeyer, the two thermoplastic sheets 21.next to the en tes 11,12
may o may NS a8 R e R e, SR O R A i
treatment uniiay3rolq agHasiekss1df thel Mingiedhe 4 Breap ptia @il dreaarent anit A3 aeckiorredin parallel

fom the flid gRMBNL e P QAACUD5IY8S ot SGRIRIE A LIOHITAF St BRI @Tangement

10 shown in FIG. 5 may be made in a variety of ways. For example, the fluid treatment arrangement 10

with the interRREREEATESIRIIPLEAHAY e MatPaEbs Al BYEarR Rtk tio 895 S6RIBRIGTJRSRBR with the

additional stefiseafriepinding, ci@rrhesitgeondiag, tyethermaplasiie sagetregibadiapeniteriigenanifold 45 to

the thermoplastic mounH]régo%urfacets 41 on each sid a&%}&gemargg%d 45 The i&p& ages 24,25,26 in
ui

the manifold ﬂger'ﬁ'é‘? then flurc]ﬁyg OGS IR Witht pggsagegﬁﬁﬁ%s,z I the Tdid treatment units

13 via feed, peernecpstindherintatotpepingodifittcas eramprsstih sHedie2theyorekred 20 treaaanifold 45
and the mourlipgsSHHAces 45 BHIE m?&'t@)Mﬁem@dﬁ@@m@qmlr@aeﬁ%gmmmeﬁﬂgx,ers

14,15,16 of each fluid treatment unit 13 together, encapsulate the fluid treatment unit 13, and form a

portion of eadi9HNSEGHARS 3 S8 alNg G U 'EesRaH 48 e RN QRlAslieehes a2 bf thae
thermoplastioppesite 3lrfaeydoes of the thermoplastic sheetm2arn, may be bonded, e.g., heat

bonded, to the thermoplastic mounting surfacesf4fieomanifolds 11,12, tightly securing
and sealing the fluid treatment unit 13 and thenttoplastic sheets 21 between the manifolds
11,12.

[0042] As another example, a fluid treatment arrangemexyt Inave an intermediate
manifold. The fluid treatment arrangement 10 shawRIG. 5 may have many features in
common with the fluid treatment arrangements 1@ipuesly described and shown in the
previous figures, and analogous components are adtified with the same reference
numerals. However, for the fluid treatment arranget 10 shown in FIG. 5, both end pieces
11,12 may comprise blind end plates without anigfhassages or fluid openings in the
mounting surfaces 41. Further, the fluid treatnsgrangement 10 may include a manifold
45 positioned between the end pieces 11,12, fanpkag with a first set of one or more fluid
treatment units 13 on one side of the manifold dveen the manifold 45 and one end plate
11 and a second set of one or more fluid treatmeits 13 on an opposite side of the
manifold 45 between the manifold 45 and the otiner@ate 12. The manifold 45 thus

serves as an intermediate end piece between eaehfleed treatment units 13 and a blind
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modified as previously described. The thermoset 20 on each end surface 22,23 of each fluid treatment
unit 13 bonds directly to the modified surface 43 of each intermediate thermoplastic sheet 21 at the ends
of each fluid treatment unit 13. The opposite surfaces 44 of the thermoplastic sheets 21, in turn, may be

bonded, e.g., heat bonded, to the thermoplastic mounting surfaces 41 on the manifold 45 and the end
plates 11,12.eTHentptaibdet 20emaifelthdbanaysigiscad Sdwith anener e riegthiassaars 24 bonds

directly to the,Rapifhlersyiaerad3abiieeyiteranatdhersanials phssis@owtildna maposite surfaces

44 of the outermost thermoplastic sheets 21 may be bonded, e.g., heat bonded, to the mounting surfaces

41 of the endBIRBYYGS W dard RRIPISRIR SHEME S SFERIRGS dY R SERAPEPUNENSHEIEY to both the
fluid treatmeniudidite 43, dhedate sidedithemasaiiiédit 45, afsidbendadiplates, 1HelAa[OAd Asydswther
example, two_gr.mare fluid treatment uni e pbon e her by hondin jac
thermoplastié) § '(5'8 s.drﬁ%q*?ﬁl tﬁ%ﬁﬁ@rﬁ%ﬁgggi%%%?%%%ﬁgwg ?;h rﬁé&?ﬁg%@aeaﬁcﬁﬂ%?é%(egr%ple and
may have mamefeafeEs ididdraaiaenitn e arTayidereasiienediyensdr Pl the reqviian iiseshed and

shown in thetﬂF—?HQHﬁcﬁi@ﬁ%g@&ﬁéﬁéﬂa%&épmﬁ@%ﬂﬁnﬁﬂﬁtﬁ&?iﬂdﬁﬂé@%ﬂ’ﬂ%ﬁ@ﬁ%@ reference
numerals. However, in the fluid treatment arrangement 10 shown in FIG. 6, two or more fluid treatment
units 13 may ‘YGRS HE AL $§%onding the adjacent thermoplastic sheets 21 on the two end
surfaces 22,280a8fhe fRititréaimesdtbts dsividghhtaceamyenaniibestifpeirideemnaptbstmslwgs 21 on the
two end surfages. 22,23 which face.away from one another.m onded.to an end piece.(nat shown) or
o another e e B e Y A B A R oo
not shown). Ea@h fmmxaémiﬁ_emcum riVey NAQETHD wmbet%h%mrpefﬁﬁééw,eaﬂaa p@m_ambieemedium
layers. The flyid HeamapLnite Bay e Hgulars 6 & fidamisa it ARCARAPEI R MR/ HiRIRNLGeM one

another. For example, in the illustrated fluid treatment arrangement 10, the two fluid treatment units 13, as

well as the th%ﬁ‘rﬁ%kﬂ%ﬁ‘?éigﬂaé%bfiWﬁ%y%%‘%%‘?ﬁ‘if@aﬂPﬁé?bﬁ@é?ﬁﬂH%Y,eéﬁé wﬁbﬁhﬂa%esie%ﬁa’m to the
fluid treatmemiuimnit déhandriidetihe witbplastiscshiegts 29 shewsrindale sldeEachdigg treatment unit 13 may
be made in a variety of ways,.including by any of the hods previously described: one. or both surfaces
a4 o the G B PR R e B e R Rt oo 20 1
directly bondeddo leyeniddlifetbsudsde adofiealcl thayriaerie klyeet@ anniheath effefidbe22RB of each

lid reatmenyolpit 3. S5 RSN SRSaREca 9035 AAIAR L e EeARer hormonlagic sheets 21

may be bonded to one another along theiropposite surfaces 44 in any of numerous ways. For example,

the facing opPFESRES FACREAMNGALE NS ARIEIHB R 1D HREMRshRS (Sidh P Se@ifis gt dtmg the two
fluid treatmenhayite kitieneoanotess Teeddjatmaastiagiaects, analtsingdbatipgnslethdeermograstic

sheets, may include f. enings, permeate gpenings, and/or. retentate openi fo C any desired
fow patern DRRL SN I8 PR BhcaE OF s ol o O HE s B8 21 may
have the sane feayl npthaenteyavrE ratgatalde pemirgll S e dle ferchihaitbirapal aiet mdte openings in

the feed, perfeahle mediv i@ hRETRAAIS IRLSFE dadBohHEbe dliddrpaimentus 13 to extend

the feed, permeate, and retentate passages 24,25,26 through both fluid treatment units 13. Alternatively,

the thermopl&eifEHe siPFRIGHTFRINBSIBHE S AHBRNLIER & Hodle &ldas8f HiR MERIYsHR or more, e.g.,
all, of the feepgmarmeataeamrﬁéq%ﬁaéat@p%ﬂgﬁégﬁ1@®f@w,iﬁlpamgfmm_@dé?@r@@iﬁm@ fﬁerfl, _
permeate, and retentate passage tween the fluid treat nt .ynits. Previously ex | , the entire
Facing suriac s thal Ba RET eI (o LTS R AL 5 AR 6 SR S8 AT hthe openings
and the periptma:;iet&megmmandmmmwmmmmimem@ﬁwmhsiepspﬁnings, only the
areas around ey rins gy e Al Rel ROLUBELInR AR KRS AARAGIB RS ent

invention is clearly Subject to many variations by those skilled in"the _
thermoplastic mounting surfaces 41 on each sidieeomanifold 45. The fluid passages

24,25,26 in the manifold 45 may then fluidly comnuate with the fluid passages 24,25,26

D=

in the fluid treatment units 13 via feed, permeate] retentate openings in the thermoplastic
sheets 21 bonded to the manifold 45 and the maystinfaces 41 of the manifold 45. The
solidified thermoset 20 may hold the layers 14,6®mfleach fluid treatment unit 13 together,
encapsulate the fluid treatment unit 13, and forpoer@ion of each end surface 22,23 as

previously described. One or both surfaces 43{4deothermoplastic sheets 21 may be
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art, especially in light of the teachings contained herein. Consequently, the present invention is not
restricted to any of the particular embodiments which have been previously described and/or illustrated
but, instead, includes all of the embodiments and modifications that may fall within the scope of the
invention as defined by the claims. [0048]All references, including publications, patent applications, and

patents, citednfsiépflae piemenseegssikedd bhedheramest@@asantbekters 32 Arathadidhdfce were

individually aﬂ@a’iﬁ%‘ﬁf'ﬁﬂb&@ﬂ&?ﬁ%@&@ M@H@&ﬁ%&&d@@%%@rﬂ%@%éﬂéonh in its entirety
herein. [004 J@ge use of the terms "a" and "an" and "the" and similar referents in the context of describing

the invention (PRI GelRELoh @46 RES A SR BB Rt d He UEnORORY oSt RSEB &t the
singular and thehg! tnakmopéssio drasvss2linici cate chigr dislisdrelan | yeco iioadiste chhijec tretenbpldstiderms

moaming e T e e B A i e

merely mtendéﬂetb%&ﬁéré%?ass?%ﬁﬁ&ﬁm%%@ Atreestplig PrndiRidirgtis todbr swsuieltt value falling
within the ranggsdéaless gthReak sAIRE MR RN &aERRE B JiSo¥aIHESrREeERR dgfldnto the

specification as if it were individually recited herein. All methods described herein can be performed in
any suitable SHIBFTIARELLHINARIE Ffieked mRasicP AR R PRARACENREIRRYE Y context. The use
of any and alkaaoeglas, dfrtlee(@mkaatdamgmemeg;h Be0pAsS e Rrevidadthenaightly istendetamerely to

better |IIum|nate tahée in e{‘ﬁu%n ?Imdq[rea nqgrt] alJoJ F]tatlon AR the the o) é]e4%f tglrcladlm/eegﬁg a?é SS
otherwise claime o anguage In the speC| ns He construe s indicating anfl) non-claimed

element as eddektial to the practice of the mventlon.
[0045] As another example, two or more fluid treatmentsumiay be bonded to one

another by bonding adjacent thermoplastic shegte. fluid treatment arrangement 10 shown
in FIG. 6 is yet another example and may have nfeaures in common with the fluid
treatment arrangements 10 previously describedshodn in the previous figures, and
analogous components are again identified wittsétree reference numerals. However, in
the fluid treatment arrangement 10 shown in FIGw®, or more fluid treatment units 13 may
be joined to one another by bonding the adjacartibplastic sheets 21 on the two end
surfaces 22,23 of the fluid treatment units 13 Wwhace one another. Each thermoplastic
sheet 21 on the two end surfaces 22,23 which faeg &#om one another may be bonded to
an end piece (not shown) or to another thermoplabiet directly bonded to the thermoset
of yet another fluid treatment unit (also not shhwiach fluid treatment unit may have any
number of feed, permeate, and permeable mediunmslayiée fluid treatment units may be
similar, e.g., identical, to one another or verffedent from one another. For example, in the
illustrated fluid treatment arrangement 10, the tlu@ treatment units 13, as well as the
thermoplastic sheets 21, may be identical to on¢han, and each may be identical to the
fluid treatment unit 10 and the thermoplastic sk@dtshown in FIG. 1. Each fluid treatment
unit 13 may be made in a variety of ways, includiygany of the methods previously
described; one or both surfaces 43,44 of the thelastic sheets 21 may be modified as
previously described; and the thermoset 20 is tyréonded to the modified surface 43 of
each thermoplastic sheet 21 on each surface 22&&h fluid treatment unit 13, as

previously described.
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CLAIMS 1. A fluid treatment arrangement comprising: a fluid treatment unit having a multilayer
structure which includes a feed layer, a permeate layer, and a layer of permeable medium positioned
between the feed layer and the permeate layer, wherein the permeable medium has a feed side fluidly
communicating with the feed layer and a permeate side fluidly communicating with the permeate layer,

the fluid treatt¥e4 unitAddiienaibiudie gdirsent dhssrontnsiipskaelBRl hekardedia andenadsst which
holds the laygrsief tharBpptaxe sadebya4ae ainebanshysiaiisiOrBr aldrimt AROHER PR ditst end

surface, and a thermoplastic sheet which overlies the first end surface of the fluid treatment unit, the
thermoset dirdtF65 B RRMAL AABHR IR LR YRS HEHRCH EAg AR seRlgedhe AYRITH tment unit.
2. The fluid trec@mnenitamasdenmeohefatiainel Whenbierithépthissetesreickxiendbalangltie periphery of the

fluid treatmeng unit on the first end surt he thermoset directly bonds to the thermoplastic sheet
around the pa S ey o e R e e R e SRR S e e
arrangement@fediHlgs 100 ealghanyidesiie dfieve fatigrmbedariaine g 8niddsaatragar fotas Badortion of the

first end surfage AR/ WIeseiRdIBsMaRiatitahest isaphheadar Redidanclayennn ihe dismtend

surface.
openings as the feed, permeate, and retentatengsenithe feed, permeable medium, and

permeate layers 14,15,16 of the two fluid treatmamits 13 to extend the feed, permeate, and
retentate passages 24,25,26 through both fluithtesg units 13. Alternatively, the
thermoplastic sheets, including the bonded therastol sheets, may not include one or
more, e.g., all, of the feed, permeate, and rete@enings and, thereby, close off one or
more of the feed, permeate, and retentate pasbaggsen the fluid treatment units. As
previously explained, the entire facing surfacesndy be heated and melt bonded to one
another or only the areas around the openingstengedripheries may be heated and melt
bonded. For thermoplastic sheets with no openioigy,the areas around the peripheries
may be heated and melt bonded to one another.

[0047] The present invention is clearly subject to manyat@mns by those skilled in the
art, especially in light of the teachings contaihedein. Consequently, the present invention
is not restricted to any of the particular emboditeavhich have been previously described
and/or illustrated but, instead, includes all & émbodiments and modifications that may
fall within the scope of the invention as defingdthe claims.

[0048] All references, including publications, patent éggtions, and patents, cited
herein are hereby incorporated by reference tgdhee extent as if each reference were
individually and specifically indicated to be inporated by reference and were set forth in
its entirety herein.

[0049] The use of the terms "a" and "an" and "the" andlaimmeferents in the context of
describing the invention (especially in the contafixthe following claims) are to be construed
to cover both the singular and the plural, unléssravise indicated herein or clearly
contradicted by context. The terms "comprisingaving,” "including,” and "containing" are to
be construed as open-ended terms (i.e., meanidgding, but not limited to,") unless
otherwise noted. Recitation of ranges of valuesiheare merely intended to serve as a
shorthand method of referring individually to eadparate value falling within the range,

unless otherwise indicated herein, and each sepeadie is incorporated into the
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4. The fluid treatment arrangement of claim 1, 2, or 3 wherein the thermoplastic sheet has a first opening
fluidly communicating with one of the feed layer and the permeate layer. 5. The fluid treatment
arrangement of claim 1, 2, or 3 wherein the fluid treatment unit has a feed passage and a permeate
passage which extend within the fluid treatment unit, the feed passage fluidly communicating with the
feed layer antPgfifisatipe s bl sieigd THiMddrabyrieriiae g AlitmeHoge ereeribadyaiedheanferein the

thermoplastig,shgghé@mairigashane i eakapsmioe RidRPRERAAE OiPRANS Igiggn);:ommunicating
with the feed pass??qge or the permeate passa(Y;e, respectively, of the fluid treatment unit. 6. The fluid

treatment arraAYEATGI e GLUSRAEXVHAR S ETRNY FELANENRTAT RN A AN a8 (EdateSheEsage
which extendsswWithiovide dl hiel tieatmiend naetd the regientaietipassagetfieithyatiomanicdting moth the feed
layer. 7. The f+ id treatment arrangemen of claim 5\]9 herein th Q[ r ic. sheef, comprises
a first thermo% gs%i% E%tgg !Ovbh er}%?n% the &ée?)r%n%iéétﬂ%grrrﬁ?% elg)é\%l%ﬁﬁ)’g' r ic%haﬁé% ﬁéinsge%% r%r]y%éied?gtﬁrrlface of
the fluid treatpReatfioaiomAtoWHdIR RPIIRE Rl dRdierRinsarantiimRthe RiMRBE 28 ersieinkiediend
thermoplastigshaplayeidngtrisgcond end surface of the fluid treatment unit, the thermoset directly
bonding to the second thermoplastic sheet on the second end surface of the fluid treatment unit. 8. A
fluid treatment arrangement comprising a first fluid treatment arrangement of any of claims 1-7 and a
second fluid treatment arrangement of any of claims 1-7, wherein the thermoplastic sheet of each first and
second fluid treatment arrangement has first and second opposite surfaces and the thermoset of each
first and second fluid treatment unit directly bonds to the first surface of the thermoplastic sheet and
wherein the second surface of the thermoplastic sheet of the first fluid treatment arrangement is bonded
to the second surface of the thermoplastic sheet of the second fluid treatment arrangement. 9. The fluid
treatment arrangement of any of claims 1-7 further comprising an end piece, wherein the end piece has a
first surface comprising a thermoplastic and wherein the thermoplastic sheet has first and second
opposite surfaces, the thermoset directly bonding to the first surface of the thermoplastic sheet and the
second surface of the thermoplastic sheet being bonded to the first thermoplastic surface of the end
piece.
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10. The fluid treatment arrangement of any one of claims 1-7 further including first and second end
pieces, the first end piece having a first surface comprising a thermoplastic, wherein the fluid treatment
unit is positioned between the first and second end pieces and wherein the thermoplastic sheet overlying
the first end surface of the fluid treatment unit has first and second opposite surfaces, the thermoset
directly bonding to the first surface of the thermogtati¥Sheet on the first end surface of the fluid treatment
unit and the second surface of the thermoplastic sheet being bonded to the first thermoplastic surface of
the first end piece. 11. A fluid treatment arrangement comprising: first and second end pieces; first

and second fluid treAEA M ERIRYE R BEIVERNRAE ™ pieces, wherein each fluid treatment unit has
a multilayer structurs fiuidcrebtohede st fieedrigyem dtijeyoreatedayisseind adiey arfeé ¢ éayeeadle material

positioned be&%ﬁﬁ%‘a{g?af St d@p@ﬁ%‘? FITRSRIE A?é/&hrﬁlggqﬁﬁg?ﬁ?@é% MEdian Agyn ﬁ%‘ﬁsd side
fluidly communicafing with the Teed tayer and a permeate si uidly communicating with the permeate
layer, each flaRImeatgraxeunhRIaRehRRAHY FRbieaMa detb s teid ¢ eumitiessing Withermoset

which holds t lRyer 0kth ik SlRYRR R YRR R Mg RBRRARTL WIS hHo pBmAdrash,a MartiqRiaf the first

end surface of the fluid treatment unit; and first and second thermoplastic sheets positioned between

the first end (FRYREQHRALUHRELINGILEESHY ThARGRERAMIMRS IS & L SHHAREFABPIALHEr SHRSE MAURRY first
and second appdsteedayiacas, tierthdtinaseitactive ivgeeind suitce ohtha festflaigdneairotmieunit
directly bond(kﬂt%tto tg% fir'ng:guer\fr? e of the first thermoplastic sheet, the thermoset on the first end surface
of the second flliid treatment ani directly bonding to the first surface of the second thermoplastic sheet,
and the second surfatiwiopthesticsshkert wiicnaverdas digdutt symdase i fodthtreattoamierinother. 12. A

method of making & HhidickirgRbRRNL HERNY RIMREHISAMBHREReet on the first end surface of the fluid

treatment unit.

2. The fluid treatment arrangement of claim 1 whretlee thermoset extends along the
periphery of the fluid treatment unit on the fiestd surface and the thermoset directly bonds
to the thermoplastic sheet around the periphethiefluid treatment unit on the first end

surface.

3. The fluid treatment arrangement of claim 1 evizrein one of the feed layer and the
permeate layer forms a portion of the first endezg and wherein the thermoplastic sheet is

not bonded to said one layer on the first end saerfa

4, The fluid treatment arrangement of claim 1,123 avherein the thermoplastic sheet

has a first opening fluidly communicating with cofethe feed layer and the permeate layer.

5. The fluid treatment arrangement of claim 1,r23 avherein the fluid treatment unit

has a feed passage and a permeate passage wieistl exthin the fluid treatment unit, the
feed passage fluidly communicating with the fege@taand the permeate passage fluidly
communicating with the permeate layer, and whetfe@rthermoplastic sheet has at least one
of a feed opening and a permeate opening fluidigroanicating with the feed passage or the

permeate passage, respectively, of the fluid treatmnit.
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modifying at least a first surface of a thermoplastic sheet to enhance a bond between a thermoset and the
first surface of the thermoplastic sheet; forming a fluid treatment unit having a multilayer structure
including a feed layer, a permeate layer, and a layer of permeable medium positioned between the feed

layer and the permeate layer with a feed side of the permeable medium fluidly communicating with the
feed layer an@ a perthedtddigeagnaid peaReBRNhAS Glaim fuidinz®siHd Hieathenhithithsthermeate layer,

wherein formipg) jhesaid{Eapim ¢alsYRgd WRHIIEE QeI Dais AR o2k &AtQlif ChBRIR btRe feed layer,

the permeable medium I_?ggr, and the permeate layer; and directly bonding the thermoset on a first
end surface GFAFRAEGIHHELFABIR RN IRJARISEPH D Elirface of the thermoplastic sheet. 13. The

method of claim 12 wherein modifying the first surface of the thermoplastic sheet comprises modifying the

first surface of a fir erm ic sh h e furth rising, modifyi least g first surface
of a second t ermsgfé%ﬁr'é‘ 'éﬂ%%[ﬁ%ﬁ%ﬁ%@g%@eoi% gae'iij ggélgaﬂfﬁg\rlrr}legge ﬁlcﬁ%%g%f?é{as%r a%g e§f the

second therntoprasise sadEsiHnarairtastiohenigihereidirtowaas foanophlesise et st e of the
fluid treatmenfclBifd@ HeslirrieupagR Aliessreadt hermRalesihaenrf rédinldia Reihgdrbsaim 13

further comprising bonding an opposite second surface of the first thermoplastic sheet to a thermoplastic
surface of a AR PIRESHE BERLAG A BPRBESTHS SheehPrelne sewnt e eyHach ofiipiidic sheet to

a thermoplastrestuiéace o, arzeteichesst pieggly bonding® $econd thermoplastic sheet on the second

end surface of the fluid treatment unit.

8. A fluid treatment arrangement comprising a filsid treatment arrangement of any

of claims 1-7 and a second fluid treatment arraregerof any of claims 1-7, wherein the
thermoplastic sheet of each first and second th@idtment arrangement has first and second
opposite surfaces and the thermoset of each fisssacond fluid treatment unit directly

bonds to the first surface of the thermoplastieesh@d wherein the second surface of the
thermoplastic sheet of the first fluid treatmemaagement is bonded to the second surface of

the thermoplastic sheet of the second fluid treatragrangement.

9. The fluid treatment arrangement of any of clair&further comprising an end piece,
wherein the end piece has a first surface comgyisithermoplastic and wherein the
thermoplastic sheet has first and second oppasitaces, the thermoset directly bonding to
the first surface of the thermoplastic sheet ardstttond surface of the thermoplastic sheet

being bonded to the first thermoplastic surfacthefend piece.

10. The fluid treatment arrangement of any ondaifres 1-7 further including first and
second end pieces, the first end piece havingadinface comprising a thermoplastic,
wherein the fluid treatment unit is positioned bedw the first and second end pieces and
wherein the thermoplastic sheet overlying the fral surface of the fluid treatment unit has
first and second opposite surfaces, the thermastly bonding to the first surface of the
thermoplastic sheet on the first end surface oflthe treatment unit and the second surface
of the thermoplastic sheet being bonded to thetfiermoplastic surface of the first end

piece.
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15. A method of making a fluid treatment arrangement comprising making a first fluid treatment
arrangement according to any one of claims 12-14 and making a second fluid treatment arrangement
according to any one of claims 12-14 and bonding an opposite second surface of the thermoplastic sheet
of the first fluid treatment arrangement to an opposite second surface of the thermoplastic sheet of the
second fluid éatmenflaiddrqpsmeipitarrangement comprising:

first and second end pieces;

first and second fluid treatment units positiobetiveen the end pieces, wherein each
fluid treatment unit has a multilayer structure g¥hincludes a feed layer, a permeate layer,
and a layer of permeable material positioned batvike feed layer and the permeate layer,
the permeable medium having a feed side fluidly mamicating with the feed layer and a
permeate side fluidly communicating with the pertedayer, each fluid treatment unit
further having first and second opposite end sedamnd a thermoset which holds the layers
of the multilayer structure together and which ferat least a portion of the first end surface
of the fluid treatment unit; and

first and second thermoplastic sheets positior#aden the first end surfaces of the
first and second fluid treatment units, each theuastic sheet having first and second
opposite surfaces, the thermoset on the first arfdce of the first fluid treatment unit
directly bonding to the first surface of the fitkermoplastic sheet, the thermoset on the first
end surface of the second fluid treatment unitadiydbonding to the first surface of the
second thermoplastic sheet, and the second suidates first and second thermoplastic

sheets being bonded to one another.

12. A method of making a fluid treatment arrangeno@mprising:

modifying at least a first surface of a thermoftasheet to enhance a bond between a
thermoset and the first surface of the thermopadteet;

forming a fluid treatment unit having a multilaystructure including a feed layer, a
permeate layer, and a layer of permeable mediuntiqgued between the feed layer and the
permeate layer with a feed side of the permeabiiunefluidly communicating with the
feed layer and a permeate side of the permeableumédtiiidly communicating with the
permeate layer, wherein forming the fluid treatmamt includes applying a thermoset to one
or more of the feed layer, the permeable mediurarlagnd the permeate layer; and

directly bonding the thermoset on a first endatefof the fluid treatment unit to the

modified first surface of the thermoplastic sheet.

13. The method of claim 12 wherein modifying thstfsurface of the thermoplastic sheet
comprises modifying the first surface of a firsttmoplastic sheet, the method further
comprising modifying at least a first surface afeond thermoplastic sheet to enhance a

bond between a thermoset and the first surfaceeo$é¢cond thermoplastic sheet and directly

25



bonding the thermoset on an opposite second suofabe fluid treatment unit to the first

surface of the second thermoplastic sheet.

14. The method of claim 13 further comprising bowdan opposite second surface of the
first thermoplastic sheet to a thermoplastic s@faica first end piece and bonding an
opposite second surface of the second thermopktstiet to a thermoplastic surface of a

second end piece.

15. A method of making a fluid treatment arrangeneemprising making a first fluid
treatment arrangement according to any one of sldi?al4 and making a second fluid
treatment arrangement according to any one of sldizan14 and bonding an opposite second
surface of the thermoplastic sheet of the firgtflveatment arrangement to an opposite

second surface of the thermoplastic sheet of tbensefluid treatment arrangement.
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