FLUID TREATMENT ASSEMBLIES Disclosure of the Invention [0001]The invention relates to fluid
treatment assemblies that may be used to treat a wide variety of fluids in any of numerous ways in single-
or multi-use applications. [0002]Fluid treatment assemblies embodying the invention may include one or
more fluid treatment units pressed between opposite end pieces. Each fluid treatment unit may include a
permeable fluid treatment medium halidtPalRRe4 EidleMhA 2R BbRe permeate side. Fluid to be treated
may be known as process or feed fluid, and the fluid treatment assembly may include a feed inlet and a
feed passage that extends from the feed inlet to the feed side of the permeable medium. Fluid that
passes from HHSFESHSIAL S MGAYRB permeable fluid treatment medium to the permeate side may be
known as filtrate or permeate, and the fluid treatment assembly may further include a permeate outlet and
a permeate d&@88ape thdteekierd®froemthe fodine fEatitnbésse phiataabjcbemedaciadr¢lae permeate

outlet. [0003]|yid KAaH G ASS HINIPSHIRRAIRAMAS MENIGHIRY.RR apaiged g reat the
[0002] Fluid treatment assemblies embodying the inventialy include one or more
fluid treatment units pressed between oppositepgges. Each fluid treatment unit may
include a permeable fluid treatment medium haviffigea side and an opposite permeate
side. Fluid to be treated may be known as proeeg=ed fluid, and the fluid treatment
assembly may include a feed inlet and a feed padbad extends from the feed inlet to the
feed side of the permeable medium. Fluid thatggmb®m the feed side through the
permeable fluid treatment medium to the permeale 1siay be known as filtrate or permeate,
and the fluid treatment assembly may further inelagpbermeate outlet and a permeate
passage that extends from the permeate side pktineeable medium to the permeate outlet.
[0003] Fluid treatment assemblies embodying the inventiay be arranged to treat the
fluid in a direct or dead-end flow mode of operatar in a tangential or cross flow mode of
operation. In fluid treatment assemblies arrarfgea direct flow mode of operation, the feed
passage may terminate at the feed side of the pdtmenedium. Feed fluid may be supplied
under pressure to the feed inlet, where the flogdgure forces the feed fluid through the feed
passage to the feed side of the permeable mediima fluid pressure then forces all of the
feed fluid as permeate through the permeable methuime permeate side and then through
the permeate passage to the permeate outlet.
[0004] Fluid treatment assemblies arranged for a tanddlaa mode of operation may
further include a retentate outlet and a retergagsage that extends from the feed side of the
permeable medium to the retentate outlet. Agaied ffluid may be supplied under pressure
to the feed inlet, forcing feed fluid through tleeél passage and tangentially along the feed
side of the permeable medium. The fluid pressoireek only a portion of the feed fluid as
permeate through the permeable medium to the pé¢ers&ie and then through the permeate
passage to the permeate outlet. The remaindeedéed fluid, which does not pass through
the permeable medium and may be known as concemtraétentate, is forced from the feed
side of the permeable medium through the reteptadsage to the retentate outlet.
[0005] Whether arranged for a direct flow or a tangeriteal mode of operation, fluid

treatment assemblies embodying the invention maditiadally include one or more



fluid in a direct or dead-end flow mode of operation or in a tangential or cross flow mode of operation. In
fluid treatment assemblies arranged for a direct flow mode of operation, the feed passage may terminate
at the feed side of the permeable medium. Feed fluid may be supplied under pressure to the feed inlet,
where the fluid pressure forces the feed fluid through the feed passage to the feed side of the permeable

medium. TheMidQessanfatianercdsaah s1ansoldsnainesip et ehiriigethivipbrifable medium
to the permegigsisigendidie BB PLIR EIRRE BB CPARERERIQR R QAR SHEtEbRRA rdid

treatment assemblies arranged for a tangential flow mode of operation may further include a retentate

outlet and a reRERIGEES YL JH dRASSAUTH L AR AR RIS UR TNSAHAB ANIB IR GRAICRI S retentate
outlet. Again fligegdissd gaaynraestipioliecaindat pneécsurédiaitiee feay ertehd drstingeie dokeffirist Hmdugh the
feed passag ' 0 [ ft [ e fluid.pressure forces
only a portio%g{%éa?éqﬁc? i%gsgé &%ﬁg%%ﬁgoﬁgﬁ%tﬁgﬁp%%%ﬁrﬁﬁ ’#E%E%erﬂgeﬁfn%%%t?side and then
through the pROfAMRSItENSaaRaIGE taNH predidbligatmEREadin tnaaties terirsled fiithadpieasdoes not

pass throughdfe, sateeaiietrediiim IR Nt N GMIMASEABRERLRIM B retentate, is forced from the
feed side of the permeable medium through the retentate passage to the retentate outlet. [0005]Whether

arranged for gﬁdirect flow FE% tan%ential flow mode of operation, fluid treatment assemblies embodying
the invention g‘)f'badéﬁi% I%f?cﬂ @2 one or more manifolds and a retainer. Each manifold may include

one or more of the feed inlet, the permeate outlet, and the retentate outlet, and the manifold(s) may be
positioned belfi06ein théneaet pidaasawitithflig passeigefdive iheemiimiddlu@)fritisssembliaaicwyng with the

appropriate fluichpAssages: ik fiid Feaiment it el Fatainar Ak Send hetwesn trdrst and

second end pieces to press the end pieces, the fluid treatment unit(s), and the manifold(s) against one
another and RBRIAREHDRPIPRARTEIEa NS AR SRIfUtH SN ARt AR BiRe fHReSiULEEBAIAERNNAN the fluid
pressures withiytbe floigtieedrnentesseinhlst aumsannaida@d ayveniay include a permeable fluid

treatment medium having a feed side and a pernsaide The feed passage may extend
from the feed inlet through the fluid treatmenttuaithe feed side of the permeable medium.
The permeate passage may extend from the permdatefshe permeable medium through
the fluid treatment unit to the permeate outlet.least one end piece may be formed from a
nonmetallic material and may have a flexural mosafiat least about 8x1@si. The

retainer may extend between the first and secodgmtes and may be arranged to press the
fluid treatment unit and the first and second eiedgs against one another.

[0007] In accordance with another aspect of the invenfiard treatment assemblies

may comprise first and second end pieces, one o manifolds, and one or more fluid
treatment units. Each end piece may be formed &emmnmetallic material and may have a
flexural modulus of at least about 8X¥i. The one or more manifolds may be positioned
between the end pieces. Each manifold may haleasttone of a feed inlet, a permeate
outlet, and a retentate outlet. The one or maid tkreatment units may also be positioned
between the end pieces, and each fluid treatmeinay have a permeable fluid treatment
medium which includes a feed side and an oppositm@ate side. The fluid treatment
assemblies may also comprise a feed passage, agterpassage, a retentate passage, and a
retainer. The feed passage may extend from tlkifiéet through at least one manifold and

at least one fluid treatment unit to the feed siti@ permeable medium. The permeate
passage may extend from the permeate side of aepbtenmedium through at least one fluid

treatment unit and at least one manifold to thengate outlet. The retentate passage may



[0006]In accordance with one aspect of the invention, fluid treatment assemblies may comprise at least
one fluid treatment unit, a feed inlet and a feed passage, a permeate outlet and a permeate passage, first
and second end pieces, and a retainer. The fluid treatment unit may be positioned between the first and
second end pieces and may include a permeable fluid treatment medium having a feed side and a
permeate sideXtenRg fese thadeagsiHrpfamaimeaiie e dasniiiat deash ghetHbituieateMemitunit to the

feed side of thePAITESAIAMRAHIRd thtBaERSRICRATRAD RARR EXENE oD BiavResm@Riarstde of the
permeable medium through the fluid treatment unit to the permeate outlet. At least one end piece may be
t"I@é.'é

formed from A"HbRFRBRAIETABIBTRT N0 TR IR A AR (PSRRI Y S MELUO 5o (RBREBS bsi. The
retainer may extenftlbtwetnetitaufirst, and gecond pirdgsatainarthot@gr.be arranged to press the fluid

treatment unigg the Egﬁuﬁgﬁﬂ%ﬁ?%]"tﬁé‘ﬂﬁ%‘fﬁaﬁ %%@H‘ﬁ%a?@faéoﬁﬁ?& 08%741'&8?};&%%5‘?8\’/]8%&" ith another

aspect of the'invention, treatment assemblies may comprise Tirst nd secon pleces, one or

more manifoleRe &hinerr elichiireesRIMed tiash UMy NEadiRsase haYing e intt Jebtadonmetallic

material and may BexBRfIEXEHRT MarieaPhetl 8asERBAEE BrIRIPRly TsiRne Qimneakgynanifolds may be
positioned between the end pieces. Each manifold may have at least one of a feed inlet, a permeate

outlet, and a YAHRHARE BYAEING Y GrRedsn RIBIRCHRY R BIFRRm f IR W g@oaﬁéeﬁ%@i)fi%té‘&%etween the
end pieces, anty ealdititloid éseatnz st ppdrmdhbave@dietio gidleSlcod preatment raedien byhicd includes a

feed side an , I e ide. idt n li ise a feed
passage, & piS LB BRECCE Sl R g, AR B O o
the feed inlethffyagh heleastieeemanitol and extrsast belsdamichearahanicahiptdHERfIEd side of a

permeable mgdiseBs TS RESHRAR PRISAEAIRRN CXSBAEHRI IR F e PR EIIeRARMesIRable medium
through at least one fluid treatment unit and at least one manifold to the permeate outlet. The retentate

passage may eUBREHdREYHEFLEE BI§aTET S s5BlehAHESA By Hlsgh v i &nditne atment unit
and at least andckipaiidlddsilthimcetpotatedantiat dieoetditt sysayrelyesioh pigteserr theditse fstisecond

end pieces aAAR AANSS IR PIess NG e L IIRMANR R, e A ot gy fluid reatment

units, and the end pieces against oné anot ments of the Invention have many
advantages. Foireseangiey bitipesvefithg Brid sysifire end pieces formed from a nonmetallic material and
having a flexural modulus of at least about 8x105 psi, fluid treatment assemblies embodying the invention

can easily withséapd adhiptithediarep ganggated by the pressurized fluids within the assembly without any
additional external support. The nonmetallic end pieces coupled to one another by the retainer tightly

press and see@ fluid_ treatment units ifolds, and any other compgnents between the end pieces
without any t(égrﬁal holdk ,'Ssﬁ ﬁpa(gsr%g 'Xﬁig'gl\'\épﬂ?/ﬁ}ﬁﬁlﬁ:e ggg%%%}é’hsequently, fluid treatment
assemblies eitidllyind-ibednyerien wew ticasetidgneametifitb dymhtiydre pseessuynifiéd). sealed, and
sanitized by the manufacturer and then quickly and easily incorporated in the customer's fluid system by

simply connegiipgtedesdipileh Sre ReEnRMARUIthARdMY retentate outlet of the fluid treatment
assembly to corresponding fittings of the fluid system. Brief Description of the Drawings

[0011] Fluid treatment assemblies embodying one or mgreds of the invention may
be configured in a wide variety of ways. One ohmdifferent examples of a fluid treatment
assembly 10 embodying the invention is shown in EigGenerally, the fluid treatment
assembly 10 may comprise a multilayer structurkigting opposite end pieces 11, 12 and
one or more fluid treatment units 13 and one oramoanifolds 14 positioned between the
end pieces 11, 12. Each fluid treatment unit 18 melude a permeable fluid treatment
medium 15 having a feed side 16 and an oppositegee side 17. The fluid treatment
assembly 10 may also include at least one feet26lend a feed passage 21 for directing
feed fluid from the feed inlet 20 to the feed sldieof the permeable medium 15 of at least
one fluid treatment unit 13, e.qg., all of the flaidatment units, and at least one permeate

outlet 22 and a permeate passage 23 for direcénggate from the permeate side 17 of the



[0009]Fig. 1 is a representative view of a fluid treatment assembly. [0010]Fig. 2 is a plan view of an end
piece of the fluid treatment assembly of Fig. 1. Detailed Description of Embodiments of the Invention
[0011]Fluid treatment assemblies 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 assembly 10 embodying the

invention is sh@eabEifediageidrafint thast gitetfhidiieatraesEantyriheltee Middeatmretlayer
structure inclygipoiepRoite R Pies Rt 752 A ADRMRROERSLlthijERImREHIVLEL3 BRfHPBE or more

manifolds 14 positioned between the end pieces 11, 12. Each fluid treatment unit 13 may include a

permeable fIGHARIGHHEREHETRAPYEIRNG R PRI WA RN Lot FRIAR Q'S¢ #9%The fluid
treatment assemieiytde peysadso2b dludiredtieg st emeatedidenibei?Odentcaofabd passagiale inéatidirecting

feed T om0 e e A0, o5 il 0 W EERERRIe TSl gttt one fud

_ uid treatment units, an ast one permeate outlet 22 and a permeate
passage 23 fiseaifegsting e ddedtertrem e fyédrifeate efirablyoctAsay diehéthferaiadrRim A WAt least

one fluid treagenty e dd < thealhal R it reptRpRidtitpidsed0 ihe ParBeRiE QUlghed: The fluid

treatment assembly 10 shown in Flg?. 1 may be arranged for a cross flow mode of operation and may
further includd W RAtARIS0RLP3ATIIRSA Fo:BARMS LB RE RIdiReting PaRimat ASHTWeed side

16 of the pern@adgetheedium 15 to the retentate outlet 24 of at least one fluid treatment unit 13, e.g., all of
extends bewlobithe cndl DaLb R HE b 8 e B e DS ) 13, and
the manifold(8)areans sz nteacbihied diratetdtheifilivepstipemnesdoit bigatnesyassemM iR Each
fluid treatmenigniel 3 PR RAHAETEMER A RiaRARHBHTRIARENEe BRE Hinore layers of permeable
fluid treatment media sealed within a casing tordethe feed side and the permeate side of the
permeable medium. One or more feed channels, pe¢encbannels, and/or retentate channels
may extend within the casing to supply feed flaidie feed side of the permeable medium, to
receive permeate from the permeate side of thegmdrla medium, and to receive retentate
from the feed side of the permeable medium. Thkd fdhannels may form a portion of the
feed passage 21, the permeate channels may foomtianpof the permeate passage 23, and the
retentate channels may form a portion of the ratentassage 25.
[0013] Alternatively, the fluid treatment unit may comgriat least one feed layer, at least
one permeate layer, and at least one layer ofragale fluid treatment medium. The feed
layer and the permeate layer may each comprisecaipsheet, e.g., a woven or nonwoven
fibrous sheet or a sheet of metallic or polymer&sim and the permeable medium layer may be
positioned between the feed and permeate laydrs.affangement of the feed layer(s), the
medium layer(s), and the permeate layer(s) mayhbased, e.g., encapsulated by a
thermoplastic or thermosetting polymer, and prodidéth feed, permeate, and retentate
openings, e.g., throughholes. The feed openingftaadly communicate with the porous feed
layer, forming a portion of the feed passage 24 rétentate opening may also fluidly
communicate with the porous feed layer, forminggipn of the retentate passage 25; and the
permeate opening may fluidly communicate with tbeops permeate layer, forming a portion
of the permeate passage 23. Examples of fluidntrat units are disclosed, for example, in
United States Provisional Patent Application No486,874 filed on April 19, 2011 and

entitled Fluid Treatment Arrangements and Methdddaking Fluid Treatment Arrangements.



shape and size of each fluid treatment unit 13 may vary from one fluid treatment assembly to another. For
example, each fluid treatment unit may comprise one or more layers of permeable fluid treatment media
sealed within a casing to define the feed side and the permeate side of the permeable medium. One or

more feed channels, permeate channels, and/or retentate channels may extend within the casing to
supply feed flQRLfd theTTeedyriestAenbarasiiabl & mcbruPe e AteIRErpBPNREIMBERBIA, the permeate side

of the permeap|gipresisupians Heraceiuerrieate By Betistirahaids: aLiherpgsmeablpedium. The feed

channels may form a portion of the feed passage 21, the permeate channels mzﬁ?form a portion of the

permeate pal YRS QhGFTREH AL NN FEENRLS PORh d ROAA Br DGR OMRIIETBAL4HE 25.
[0013]Alterndtighlyntukafiuac yrecdnadad uaiteuya;_f sonmdmwiie@s_fboaedeﬂbla@/ﬁmmé&ast one permeate
:ayer’ and at #ff]ei’rﬁteﬂfb%éaé/t?ﬂ&ﬂ%P?&%PF&?L?JJ&&%NSPHB&%&&QWB?-aT eifsd|aysnapgdne permeate
ayer may each comprise a porous sheet, e.g., a woven or nonwoven fibrous shéet or a sheet of metallic
or polymeric AYOSIRIEAPIHE pepRREtasl aNeBBTaRElafer thely it thaiment medine Srpthak PaRdYpermeate

layers. The ag@ngrifentohhrlery BveHslidhe meduraday eHahaplsthe PrEPegigmiarete may be
encased, e.g,, encapsulated léma thermoplastic or thermosetting polymer, and provided with feed,

permeate, aﬁ@l%fé‘?ﬁ‘%%@ ' B3y RAVELRRASIAE TREFIL %p ifls HAEPHEIA P BolRNR&te with
the porous fel&qi!Ip!yelnjdmrmmgmipqrtimwdfrtbelya&xbpals'r_sagmphhie tetele@iaape vingevplyilaso fluidly
communicate i Ry RUSJSGA e RN A BOHCREUIRIENINF AREFRIR A% ALe permeate

opening may% uidly communicate w € porousperme r, forming a portion of the pefmeate

passage 23. irasailahemikatytiathie At bsRecas ifitedydte foviexeaine ey BRYEProvisional

Patent App”%ﬂ%@d\‘@orﬁllﬂﬁe%ﬂét@l?q/@rﬁ! &péﬂh%%m%@]éoﬁﬁﬂrﬁﬁﬁw Ha@ériﬁ@aﬁm_euﬁaréﬁnsements and
Methods of Making Fluid Treatment Arrangements. [OOl%The fluid treatment medium may be

permeable, i BIIrGat fus Hud biearae ol PLURT LTV BRI ELonR) AR BRX SRR 19 any of
numerous matexiajsejrdtiding, fon exahylge agsatsrahasrsytigpeiadizo lgnymddedhdthtrgatment medium
may be fashi n ide yariet tructures, including, for ex , @ fibraus or filamentous
Siructore. sud s LA B St B P SO A8 BRI, e B e
membrane. FUrgieeneefRfiectcaba@ncarnitha g ordbel issathay Wehelotifdllid reald)eiiy of a myriad of

fluid treatment, 6hRMAHRSHER BAY SraTRIR: M BWH HERENRDhREBHI TN IR AhRRIg, negative, or

neutral electrical charge; it may be liquiphobic or liquiphilic, including hydrophobic or hydrophilic or
oleophobic oFSRERIRIITECEHYFERPIALY WA ARSI RITIFARY NS L e RH S i AR JYIEH any other
reactive moiatgathasrtanechaminalpttisduiociohstaacesamidd fim df The fipie ireaidiegtrogpiure may be
formed from, imalrl?l%n&tgds gvig}afpr otherwise ¢ thisnaaﬁ}{%h%txig& materials that function to further treat the

o f‘ne H)n mediumsu . )
fluid in any of numerous ways. These functional materials may include, for example, sorbents, ion

exchange res¥.5throrhagoyepioldmedin aseyeneyouslytannsigorashit ghgampist, dhlaypasiivldtmasy
chemically angiprehysicalboRinduiepat¥de sAtPAG dpliYeEeRiRNRMY SR HaRIigEsiBR DI the fluid

or the fluid itself. Further, the fluid treatment medium may have any of a wide range of molecular weight
cutoffs or rensOP4Mathg U eKehiplelifiAr it fuid iRt ar RGO ERUA Gthis TR i fopRR R  or
coarser. The Tidiéespinnanthaedivieanaydhels Anoatiendte @teamagnt aole disl o wited y iygharatiding a
capture medium qr a separation medi uch as a filtration medium..[0015]Th nifolds may also be
sty cor OO B TR e B G R e LB P Kot o
receiving flui@titei antititegpieatathotdtioviimihsr enfladitirtyyidn discHaryfoofRimaoiipld fidicngystem

coupled to the, 4uigbRassRee of i eed iHl@Lz‘é‘ﬂfﬂ@ fetlsh, and the reisatepriebmaypach be

located on separate manifolds, or a single manifold may include any two or more of the feed inlet, the

permeate oufRANHAN tb e RSB GRedn IR RATILRIPRHIEIERERA 71 HGINe, hefighiRaimen 14 may
include all thrgsitofithefer@ isik 80otheoie sppesreositieb@Piatitbiine 4etestateperiietRd ahdgmanifold 14
may include a body.30 havin nting syrface 31 facing the fluid treatment units 13 on ane side or on
both Oppostd L BRE IR  aLl  LS LEIRT ihr e BvR e BT EUAREELE Doy
30 of the maifolell0w, @ng.pinthee widhatirgkntace 3t, allgieoiatcqaseagest heXdelf; preexieate, and/or

retentate paspagem e hurtrERiRAXIFRY ToMNG AU FRatMeN U A3Hisn R themapieldits o a

feed inlet 20, a permeate outlet 22, and/or retentate outlet 24 on the body 30 of the manifold 30. Each

inlet and/or ot fleR MY FIUAIR) ORG24 LRty bee 3R REBRREARS hi A UIRIE bRt HIl@Ysy stem

and may be configured as a fitting for connecting the irat/or outlet to the fluid system and may

5



include a mechanism for opening and closing the inlet/outlet. The fluid system may supply feed fluid to the
fluid treatment assembly 10 and/or receive permeate or retentate from the fluid treatment assembly 10.
The feed passage 21 may extend from the feed inlet 20 through the body 30 of the manifold 14 to the fluid
treatment units 13 and/or the permeate passage 23 may extend from the fluid treatment units 13 through

the body 30 dh¢husieraAirRibiaTdStD theqReninsta dalnsintheralileie nthr fhid sage P manBeedhd from the
fluid treatmengemiigid3dmeuaivtie ARdnBLsSE fheyma dridekd O gorTiRN IR RiiglefontHee illustrated

embodiment, the feed inlet, the Eﬁmeate outlet, and the retentate outlet mai%%ll be on one manifold. In

other embodifHENS ARIAP RPN itheHiE BAPaSFAYe REAERES LomNm IR BRIt I8 With another
manifold of thieflbediyraatoicind assdfaloly.4HExahepliesdafenanédiolds] arendise| tse pe forcarapyisadge RBited

States Paten lcat cadi 0 0 | entit iJfrati les, Filtration
Manifolds, F|hr%%gérlﬁ%ﬂﬁzrgﬁ%%ﬂai@%%%}ﬁ%ﬁa%ﬁél%%@gr eg%éa rb?gj ﬁ@gﬁé@mﬂgg@ﬁt Application
No. 12/954,108rmeate s Mevembéhedetzniepassatiteth MEBRNENT e Buith FalimeTreatin dat

ArrangementgpGiting Mayi b Pisdanalffdle e tvd-ueatmestanitsiiSiand tiegnanifold(s) 14 may

be mounted between the end pieces 11, 12 in an% of numerous ways. For example, a manifold 14 may be

positioned betNEBAREBs.ieed et e RRIMEAIR CUUEL IR E SN IAG QYR HTRAANBA UhRE® 3 between
one end piecmadifaftt tineochee sidlbaafiitientsathiéoiekbtidraewipeiite @ stetondthetrofentat®botietarftyidhe

treatment unitg 13 BENWGR eoﬁ%@?ﬁq%ﬂﬁo?&e&etﬂezf%ﬁ‘c?t ?8885?%%12."0%%&%‘%%1%%%ﬂi%?ﬁqfﬁ?%maﬂvay,

a manifold may be positioned between the end pieces adjacent to on pleces with a set of one

or more fluid Gieeianent fonexaBpi dh Undeddrinid Ratefidaine Ralgsibee NRs dRotAes/Ated7ste, a

manifold mam*i%ﬁﬁ@@ﬁﬁ%ﬂ@}ﬁﬁ%é%ﬁ%,@ﬂgt@ﬁ%ﬁm,ﬂiﬁ%%@%ﬂ meveVltichieasment uni_ts may
be arranged between the manifolds. The fluid treatment units 13 of each set magebe arranged to fluidly

communicaté- WARAGHESH RGNS A PIRAES & B HERPh MOn &R Ant ALt HAR passages 21,
23, 25 in a vavietyrobaradss, 201 @ xaoh plejtiadasamitd Iprtatkis|pntic O rebhineshsAraligaradetananner. The fluid
treatment units 13 , to one another, the manifold 30, and/or the end pieces 11, 12, for
example, as Hl?gié 8@%)({'% %%ﬂé;g’?gi% es Provisional Application No. 61/476,874. Alternatively or

additionally, 198¥lid tréaenkitt tinatmeRivat Bk I esskihegianie ekdraap e Melonig hiretiee anifold(s)
14 by the enqrie¢RSpldeck21andAhe dpiEHR BLRR (R LViF8RENHI €186 dnttold ThgNL/eonfigured in a

variety of ways. For example, an end piece may comprise a_g%enerally polygonal, e.g., hexagonal or
rectangular, PRTLIOBEH gL Eﬂ]%d?ﬁ%ﬁ@?%%gﬁ*é"r?d"ﬂ@‘?éﬂi1?ff2"'ﬁ1‘éﬂ/rB%r‘E(§|Hﬁ§H?é’(ﬂné%”5‘ffé{{,s rigid,

generally 13 between one end piece 11 and the one side afdahdold 14 and with a second set of one
or more fluid treatment units 13 between the oémat piece 12 and the opposite side of the
manifold 30. Alternatively, a manifold may be pgasied between the end pieces adjacent to
one of the end pieces with a set of one or moid fheatment units between the manifold
and the other end piece. As another alternatimea@ifold may be positioned adjacent to
each end piece and a set of one or more fluidnrexait units may be arranged between the
manifolds. The fluid treatment units 13 of eachrsay be arranged to fluidly communicate
with one another and the manifold 14 via the fgeameate and retentate passages 21, 23, 25
in a variety of ways, for example, in a serial,ghet, or combined serial/parallel manner.
The fluid treatment units 13 may be bonded to oratheer, the manifold 30, and/or the end
pieces 11, 12, for example, as disclosed in Uriitiades Provisional Application No.
61/476,874. Alternatively or additionally, theifiureatment units 13 may be pressed against
one another along with the manifold(s) 14 by the pieces 11, 12 and the retainer 26.
[0017] Each end piece 11, 12 may be configured in a yaoktvays. For example, an
end piece may comprise a generally polygonal, baxagonal or rectangular, plate. For

many embodiments, each end piece 11, 12 may beooed as a flat, rigid, generally



rectangular plate having first and second opposite surfaces 35, 36. The surface 36 facing the fluid
treatment unit(s) 13 or manifold(s) 14 may include a mounting region 37 which may have a shape and
size similar to the fluid treatment unit 13 or manifold 14. For many embodiments, an adjacent fluid
treatment unit or manifold may directly contact the mounting region or a gasket may be located between

the mounting'BstoEWAHNRte faitek Bt and secorthonmmsitaresBer Sthe ldvaspidreeiyasénd Bithd end
piece that hag i@ HeighRassagrs) anoman SleRe O Huithpassag avolhihe asimse st Wt easnent unit or

manifold. [OOlSiOne, or for most embaodiments both, endr#)i,eces 11, 12 may be formed from a high

flexural modU18¥E B 1R A HbA ATt IR e ESHRIL IR MAnYeL Ay FR58'8Mibit dimensional
stability upowmm,wmhsmmm_emmmg taifyde raty elirectly presacr dseanduexipgsure to
water or humjdity, Fy %18 smff ﬁ%p;?%@g’%%@%%ﬂ%@ﬁ@% H%Lgﬂhtrfﬁ% WP ESAERiNAR gpout

8x105 psi. For example,’the flexu ulus may be greater than about Ix psi, or greater than about

1.5x106 psi, Bragitsiter tHEReibie ond 0B pRINENS B GrifistBiRcamiRl has e feitmansagesanp o_Ae of two

or more “Onmﬁﬁ'@fME@rﬁ%%éﬁéﬁ’ iﬁﬂ@@dj’&@@ﬂr feieRBSUsh AaHesded fibers, e.g., carbon or glass
fibers, or imbedded fibrous webs, e.%., woven or nonwoven webs such asr%ass webs, and may have a

laminar structdP&8irhe RO ERRtTERL S y8nARdrRiaReRmAYRaJamsd HeAdE®stic or a
thermoset, hétexgahmodsined dle>arezpnnodmesal koosnaeldid enmmeseticnatarialudeysiisorehibielamine,
epoxy, and/or,| ic, F n i ts, t n I] | i phenolic
laminate, incIELIIJI |ﬁ%%i$é-ls§r%ﬂ Iaé?ﬁ%%%:%se SE) Eﬁgﬁ#cIS%%?@%C@(%}%@E%%P%%%%\. 0019]The size
of each end FERSSUres BNEeXPOSHIPEAENEG! inidiyn dRsre NnBigtallictafiial eatirv@ anit(s)

and/or the mﬂ@ﬁﬁ}ﬁ(%@dlﬁd@6@8{8}'}%9%@1&@9@?5%%@%?@@@ W&&fﬁ&%ﬁiu?ﬁm&{ﬁbg‘ the ﬂUiC_’
treatment assembly. Each end g){l&%imay have a thickness sufiicient to resist undue fle>§;% at the desired

operating pre¥§HE"Hhan &Ly FUrHRAS AR N HE (N RIRALE AN oy out 0.25 inch
(6 mm) or morke GibuMttatibouth8l imaly Chznpring, o congredikpoionaeuidhéalid Atatriaigr more. The
length and width of each end niec 2 may be | r.than the length and width of ' fluid
treatment unljt%%%{ 'ér& rlﬁ(g%if%@(ﬁ efr?ﬁ%%é‘ﬁ@h%d@ %%%%9 cutouts %%%gb%%lr%\%ﬁgyg ﬁ% §£':rﬁge%cc§%q|}ece 11,
12, for exampirongayeitsattbe Wayenod e2mMENE pikelsIsUdizgoeliseo Mrtdtalehane RI1amEeRe6.

[0020]The retqieffS Mg RBHARBHIN Gthia IR BEREFRRNRYS A RRRRITNG W iesRaRt snits 13,

manifold(s) 14, and end pieces 11, 12 against one another and hold the fluid treatment assembly 10
together. ForsBIRE@stiobaRta e sEed Hlsxvihmgrubmpnelay thermosets may include

silicone, melamine, epoxy, and/or phenolic. Fonypnembodiments, the nonmetallic material
may comprise a phenolic laminate, including a Gesaglass reinforced phenolic such as a G-
10 phenolic material.

[0019] The size of each end piece 11, 12 may vary depgnftinexample, on the size of
the fluid treatment unit(s) and/or the manifolofa the nominal operating pressure and
temperature of the fluids within the fluid treatrhessembly. Each end piece may have a
thickness sufficient to resist undue flexing at desired operating pressure and temperature.
For many embodiments, the thickness may be updatabh25 inch (6 mm) or more, or up to
about 0.50 inch (12 mm), or more or up to aboutiric (25 mm) or more. The length and
width of each end piece 11, 12 may be larger tharength and width of an adjacent fluid
treatment unit 13 or manifold 14, and throughh@®@®r cutouts may be provided in each end
piece 11, 12, for example, near or at the edgadf end piece 11, 12, to accommodate the
retainer 26.

[0020] The retainer 26 may be configured in any of numereays to press the fluid
treatment units 13, manifold(s) 14, and end pidded 2 against one another and hold the

fluid treatment assembly 10 together. For somecelintients, the retainer 26 may comprise a



plurality of compression rod assemblies 40 that extend between the end pieces 11, 12 along or through
the fluid treatment units 13 and the manifold(s) 14. Each compression rod assembly 40 may comprise an
elongated compression rod 41 and a fastener 42 mountable to the compression rod 41 to tension the
compression rod 41 between the end pieces 11, 12. For example, the compression rod 41 may have an

enlarged headlWaltnefaioinarrsaleRresiasP et ased AHE b ee e erRNELRIRGRS YD AvaglederPise a
nut threadablg ety aaredeand aftthsiconriessRMadE 11 AlteHRatvshpraasibresd ed sanpyession

rods and fasteners may be utilized, as disclosed, for example, in United States Patent Application

Publication N&? &YS8BRYES5Hb8 N9 GH A PRGN AL SRR ARt SrHAERBIAVR R ining

Compress_iomofr_iﬁimion tddit'a*limﬁdnaﬁonmmmsioﬁmwrtﬁereeﬁdaﬁmest'nE ﬂ:_BmF)oession rod

assembly inclydingine comprasion 1ad.aad s RSlenGT JHakRs inmed ram @ meiplicpaterial, such
b e eforme I

as stainless steelﬁ%l—or other embodiments, the retamner may rom a high tensile strength, low

creep, nonm&eslinn iieiathFoeR%aANE I B1ahiesteiapAZSEIBNTeE assk thipdstiedh htrteafpdeiion rod
and the fastepeihdnaPelBIerbiom ekt MaRliRa R hersRnlAatis R HRREHRSEbOr a

polymeric composite, having sufficient tensile strength to hold the end pieces, fluid treatment units, and
manifold(s) tOGLATEr 3B HH5 Lrf SARTRRE, ™ RS Fogvalom iR dRay be
arranged to vaitiostan 65 eanaileclaalk o Filpdtoabos He010ips dnels ad b i aiditaibioigt Qoblitr¢xsimdsfor more,
or about 5,0 re.or.abho paund ay he I or molded from a
polymeric mgi?gﬁgﬁ%g ﬁgl‘{?é? 5 {h%trﬁﬁoé%ss ?g%cﬁgg't%m%ﬂgeérf@%i%%lﬂ&ﬁ%éﬁ%i%%ﬁ@gegﬁgnt %@non metallic
material of theseampiyfeiudonpta Kempiaspea rfshaRt Seefes: may hedeitecd feosr amvriadifditional

com Done”ts-rﬁ%ﬁéﬁ'ﬂﬁ&i%’a%eﬁﬁni@%@é@z _be ESMBPSmBREKRHR rBRYRE AHRBESERRINVAEM %djacent
fluid treatment units, manifolds and/or end pieces to seal these components to one another. The fluid

treatment asSPRGR RIS SHRDMR i IRIUEE Thd BPRRIAVISITYAIREST BRBFMBFHEAMG IR MR treatment
units, the maasdehiEindionidiagcie prEopsepsigrertyd alightakid trsirituiorpesshgesaanslyopenings

iatel nunicati ' ther. | iqr discl i le, i
Cten Srated B R e R B SR Rl e
Methods of Iriensilitgtrenesince hoithshie enrraRse D Ssediiptmbu g 2ol tPeethed teitment
assembly 10 {Ba\fIbiHEaRHBRL HDhiw 2t B rid6h lésalap Wit be SrsiiRjePioother seals may

be stacked between the mounting r?ﬁions 40 of the end pieces 11, 12 with the appropriate fluid passages

in the fluid treMIARARY ATESISYS 199 ATAIRAN ARG ULA A ROTIRRI S1URE B AR RRHIY SRR BRAE affother.
The fluid treaivoens 000 ppliddsn@nifole(s)riahcand &0dpreetible dAdasobenagdmideatirectly or
indirectly bonded 1o, one another. The retainer. 26 may then unted to the end pieces 11, 12. For
example, & ch L A e B e B A . pces
11, 12; axiallyintieset dngene pedistierynetedatiofdbgle@tsoughhole or cutout in, each fluid treatment
unit 13 and mamfgld 14and ipesanially Q%%@ﬁﬁﬂbtm&ﬁ%lﬁﬂ%@fé%@%ﬂﬂ%gf%mﬁb‘ﬁ'@n@ in the

opposite end piece 11, 12. The fastener 42 may then be fitted to the compression rod 41, tensioning the
compression FBHSRRRIE preasinl A e 4R G REAIGORERAEPE GHifRICHERINAS R firrP B leces
against one argtinesnt-oniexanzplitoltheaneas ohthsiauyphtssiortsathdlama)ipuessaagdies! thesouter
surface 35 of one.end piece 11 i.e,, the surfac posite the mounting region 40 of the end piece 11,
T, and the A e L T G L LR I e e
surface 35 offliid Uﬁh?ém@ndLm'é%etﬂelnm,ifebin@ﬂéésﬁrﬁbetmmﬁéﬂﬂ Pigoed \A{Eh meiﬂtﬂlddreatment_
unit(s) 13, andmanifald(s) d4.AiAge YMHMELAPKERmIRR NG AR MY RS Aiipfkiothe compression
rod 42 sufficiently tightly to energize any gaskefts or other seals and securel¥ hold the fluid treatment
assembly 10 g ARERBteHEE! %’é SrsRRiging HRERIRHRAN ARASRHAAUPIIEtdNReakening
the seal betwesrpeiBmergsasstallnancduriaatich A2santbresiadianeat ibichstakitigemtiansnl 8 eitsmanifold
14.To reduccle t ﬁtr%%ggigtgggrcrﬁ;segcting at or near the edge of each nonmetallic end piece 11, 12, the
throughholes% or cutouts i the end pieces 11, 12 may be located in a manner which positions the
compression[$2211 willtragsambleseepitoid iizgtoahicosaesmipy doh iy Heatmentjaos® fiddneatment unit
L3 or manifolihdddig prampiy WRIRROSERRWERMhING ARPLacReN ke AdRcRIY i reatment

unit 13 or manifold 14 and the outer periphery of the control rod 41 may be about 1 inch (25mm) or less,

or about 0.5 FRSHPEANRT)IBR RRS PiCeE0 321 i FrPEHIE 88S5REBR It B2 IEithERAERTH) or less.
[0023]Once assgp)llsdridnenduitblaestmealigsasearelydidunayubtcaongpwiHoselhidthgstene fluid
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by simply making the appropriate fluid connections that allow the fluid system to supply feed fluid to the
feed inlet 20, receive permeate from the permeate outlet 22, and receive retentate from any retentate
outlet 24 of the fluid treatment assembly 10. The feed fluid may enter the feed inlet 20 on the manifold 14

under pressure and pass through the feed passage 21 to the feed side 16 of the permeable fluid
treatment meiR@MEBLOMBGR & niorBifeld(s)dll cinA e nd idekbal SMUPItIA8 NPhberei@ihe85ure may vary

from one fluighgyieieny setBeiebtprimethasse bl tarrnef ehchVesonmrmkedidentsplbeteed pressure
may be in the range from about 205&? or less to about 80 %g_i_or more, e.ﬁggbetween about 40 psi and

about 70 psi. Phe Rea AR A BIR RSIRNEFEcd AL PO IR UGH the ot iy I8y I Feed
passage 21 tinbegnthpidees bheringXadlymeacit miougtitdpperiact Siltiomdae mémdoithidiend into the

fid veatment y(s) 13 (26N T cODAYS, LURLO NG JRRCLRARSARE AR i reatment

unit(s) 13 and tangentially along 't _ of each permeable me n embodiments
arranged for 80HIESEOOF HebreHaEle P detae opersiisrerA®ided hatbadestaagtérmmextthanthe feed

side of the pejiagablmheestivpreaserrioal sneertbing Maudassinaiel Aha prIspRPAA el to the

permeate side as permeate. In empodiments arranged for a tangential or cross flow mode of operation, a
bortion of thelPEQMHLIFRITER KUK LdRPTH U e HUF SERBIR FRELTCHA AN Fass TSGR trane
permeable mieshidnflbe@dhe paysiveatedsidenial asg3ar azddenfdres peace ateg aseesndnaeceidssure from

th te,side 17, of I dj 5 of  £.0.,.all,-of [ its 13
iough the pLaEAE bALCaRE B e N AR B b e o

through the pegriglirnpesxxgéne3hireader Rardareeitithe masmen 3ad 4cagainsbite oenmiites #each
mounting Sur&a@ﬁe%{r@rtbﬁdm@ﬁ}fz?egrﬂyﬁggmg)hﬁ&mﬁ@ﬁﬁmfﬂqaﬁfim&h?eaiﬁ:{@fﬁ'd 14 to the

permeate outlet 22, where the permeate is received by the fluid s%]s%t}em. The remainder of the fluid that

does not pas{Hi&mh RedBe MEYLO S RIA G T2 AR S8Rk REGTIeNs H A LBy e dadlfe as
retentate frorodingfessiosidedlé2afutfieipetintgiitle 1 edknyiky gdskeesarobie, segls ahdafdtadlyid

inﬁ%%?’ggst&ﬁ y?f@?oé%ﬁ%%@ﬁtﬁ%ﬂfﬁ?%%ﬂ%‘r%' RiCAmple, the retentate

treatment uni through
may pass thrllé%éﬁl%ﬁﬁ lrjtl—:' etrn%% e passage in ea reatment unit toefne rétentate openings 34 in

a mounting soefaiveBlioeieninaaFditl dAR s ueskeni sckiheprepaRitins nonmetRllimanddligde to the
retentate outlef 2¢h WHEER WiGdEaNTRE tre@rrived iy adiif Systan (RedliNaaEv@Ry 9prefiers many

advantages and embodiments of the invention provide
acting at or near the edge of each nonmetallicpgexck 11, 12, the throughholes 38 or cutouts

in the end pieces 11, 12 may be located in a mamhieh positions the compression rod 41
within or in close proximity to the outer peripharfyithe adjacent fluid treatment unit 13 or
manifold 14. For example, the distance betweertier periphery of the adjacent fluid
treatment unit 13 or manifold 14 and the outergdeery of the control rod 41 may be about 1
inch (25mm) or less, or about 0.5 inch (12 mm)ess| or about 0.25 inch (6 mm) or less, or
about 0.125 inch (3 mm) or less.

[0023] Once assembled, the fluid treatment assembly 10beapupled to a fluid system
by simply making the appropriate fluid connectidingt allow the fluid system to supply feed
fluid to the feed inlet 20, receive permeate frdva permeate outlet 22, and receive retentate
from any retentate outlet 24 of the fluid treatmasgembly 10. The feed fluid may enter the
feed inlet 20 on the manifold 14 under pressurepass through the feed passage 21 to the
feed side 16 of the permeable fluid treatment nmadi® of one or more, e.g., all, of the fluid
treatment units 13. The feed pressure may vam fsoe fluid system and fluid treatment
assembly to another. For some embodiments, tliepiessure may be in the range from
about 20 psi or less to about 80 psi or more, bejween about 40 psi and about 70 psi. The
feed fluid may pass from the feed inlet 20 throtlghmanifold 14 along the feed passage 21



superior performance. For example, by providing one or more end pieces formed from a nonmetallic
material having a flexural modulus no less than about 8x105 psi, fluid treatment assemblies embodying
the invention easily withstand all of the forces generated by the pressurized fluids within the assembly
without any external support. The nonmetallic end pieces coupled by the retainer form a secure pressure

vessel, tightlj$eHIRGAERG@RAIINN SALINIGRG), Moo ceY 3D dhG Gaskeld bf entinsedns ishe
another and {reagherRigRRE ) MEorha ReaMBMM AR fRRGHHARETRER3153h 98 RYdrnliciRrgsses.

Because the nonmetallic end pieces have a flexural modulus of at least about 8x105 psi, there is no

undue flexind"SPBRHHiHG BRI &R [ABEERLANY HBTAFIFEEES 1 8T £A08 BRYNeaRSHB .%&ﬁer{% of the
fluid treatmenrinaisseimbhts Gonasgegudotiy, ditddt tve atradrdrakfiend bé s mrdioy ithg feedpesstige may be

Se'f'co”tai”eP'eﬁﬂ%&?@%ﬁﬁe"f&ﬁ%@@%‘Féﬁesﬁéﬂ&%ﬁlﬁ%sﬂ%%@n@f%ﬁ_ﬁ‘?‘é‘@é%%dﬂ% ﬁ%g’ggé‘é'{ﬁ%tjé [ and then

quickly and easily incorporated in the customer's fluid system by simply making ppropriate fluid
connections #iRINRTMeaRieResivaLissing BesMeatrite J0EBIIFRRmMbadioirNtspeanget it mvention have

been describgghgerkiar HusBadar W bERSBESHEP-sRVCERpABPARIMRAALIAR HRTERR Kdwoi§pited to
these embodiments. For instance, one or more features of an embodiment may be eliminated or modified

or one or mofBGESNERRE SHHMMLHARRNPATS BRULHBTRYSIRE UHR drilerBstieis fiifother
embodiment withe gieti@patéing i@ pethe stopasst theniwemticsw e peemdidisigants7vatiheery different
features may ithi invention. For r Of efallic end pieces
may b comBer N e e g e Bt it SL SR AR L L MBI - Dermente
outlet and pePeiE2gatp 566 ATHES deifeRIO Ot Be LA XBMBPIRITE P RSSARALT Ak RE 35 e viinifold

may direct fegg fhddfears Hadagd 5ieh %@H9&]iméﬁ%ﬁﬂﬁﬁagﬁet?éhﬁéhi@db%ﬁm&%ymtéa@iif ect

permeate from the fluid treatment units to the permeate outlet, and/or direct retentate from the fluid
treatment unfEOY NG RHERES S bAlite maiatbh* ARAB BRSPS RS Aol R PARIRS, flexural
modulus of afl keastHixi&mesie Taget 2, witie td eheositenanisveet dljicherfilpieystand theeretainer, the end
piece manifold may securely seal and hol fluid tre nt. t her without a xternal
otdors or ottCENGengl 01 FEr D s e Ao R I R FetGa et
nonmetallic fllfdPaesemendeiseEsENeAs chtpRiatedaatHIGBmiR abHie. reomerlle pre dine fiidtreatment

assembly mayhpelueRRORE I GEME ARG ANGNRRIBIH JHRHRRE R QiSRG DS Bl tkeluid

treatment units, one or more nonmetallic manifolds, and nonmetallic gaskets or other seals, as previously

described. Lik'HAE SMHtSS difneRes SXamPinvisiGie oI ARas feuali P SIRTUAEAREIABR MY function
without an ex¢éeunal sidpptmsucings kxtenhal lecddeitdrugaas4 mromunetahis sliddeeatmetieassembly is

v e A R B e bR B e
where the retentate is received by the fluid system
[0024] The invention offers many advantages and embodsrarthe invention provide
superior performance. For example, by providing onmore end pieces formed from a
nonmetallic material having a flexural modulus ess than about 8x1@si, fluid treatment
assemblies embodying the invention easily withs&lhdf the forces generated by the
pressurized fluids within the assembly without amgernal support. The nonmetallic end
pieces coupled by the retainer form a secure pressssel, tightly sealing the fluid treatment
unit(s), manifold(s), and any gaskets or otherssgmbne another and the end pieces without
any external holders, such as mechanical or hyidrptésses. Because the nonmetallic end
pieces have a flexural modulus of at least aboli®8psi, there is no undue flexing or
bending of the end pieces that would weaken this sesween the components of the fluid
treatment assembly. Consequently, fluid treatrasseémblies embodying the invention may

be self-contained and may be preassembled, sdisled, and/or sanitized by the
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skill in the art upon reviewing the foregoing description and the attached drawings. Accordingly, the
invention includes all variations, modifications, and equivalents of the subject matter recited in the
following claims. [0028]All references, including publications, patent applications, and patents, cited
herein are hereby incorporated by reference to the same extent as if each reference were individually and
specifically infR2HERF tor eleaifid ReBratekiypRsf Ry NEITIEtBe CIHHIAME NS BAd B GtedyBih. [0029]The
use of the tergnfpig ARG ARShI BN Rea RN EIRSRS ek dom e isrstet dngaribing dhauigvention

(especially in the context of the following claims) are to be construed to cover both the singular and the

plural, uniess StAdrwis ¥V CHaauUs I QB VEHL0iBRE He TEREET PHE I Al ing,
"having," "indlasiegt tausdverantanhiod)!rere <ot he iocoastineid mitep enteeske drtdmasr(eets. nfe@aning "including,
but not limite "y unl [ d cjtation, .of val rej rely intended to
serve as a sh%%?ﬁgﬁ%’ rﬁi‘%h%ﬁgfy%et%arﬂ%eﬁ r?%?d%%?f&%é%%@%gg b%lrgliﬁeé?aaﬂ]e% ng @negd%lt %neetﬁ% range,
unless otheniioEei heftaies Afareeemhe dREn isBaxecCoRB & MR A thatedentrascos paeiiestion as if it

were individugihpseriiedhairii Al SRR o AEsRIRaSH B ivesRBRCERRTMISSLIMaRY SHilpbis order

unless otherwise indicated herein or otherwise clearly contradicted by context. The use of any and all
examples, orBYRIAHIASIILRG BB RE WIthia bR SEoPE RV ED RS e O XN O MGRERPIB BEWE: iluminate
the inventionrasmindesiicnetpprees|mitiabotanfithecscape aldhigdiodénioneuniessrotboiiveiseeclaimed. No

'tﬂggg‘;%ﬁc'g g@‘?t%?glﬁnﬁ\'/ﬁ%é%%&%g% SRS D AR NGRS A0 RN A e d s MRe bR s tal to
retentate passage. The end piece manifold magtdieed fluid from the feed inlet through
the feed passage to the fluid treatment unitsctdpermeate from the fluid treatment units to
the permeate outlet, and/or direct retentate fioarfluid treatment units to the retentate
outlet. In addition, the nonmetallic end piece ifdd may have a flexural modulus of at
least 8x10 psi. Together with the opposite nonmetallic eiet@ and the retainer, the end
piece manifold may securely seal and hold the fltegdtment assembly together without any
external holders or other external supports.

[0026] Another embodiment of the invention may compriseametallic fluid treatment
assembly which has no metal components. For exagrii fluid treatment assembly may
include nonmetallic end pieces, a nonmetallic netgione or more nonmetallic fluid
treatment units, one or more nonmetallic manifodolg] nonmetallic gaskets or other seals, as
previously described. Like other embodiments efittvention, a nonmetallic fluid treatment
assembly may function without an external supmarth as external holder. Further, a
nonmetallic fluid treatment assembly is very enwireentally friendly. For example, it can be
easily recycled.

[0027] Further modifications and variations may becomeaagnt to those of ordinary
skill in the art upon reviewing the foregoing degtion and the attached drawings.
Accordingly, the invention includes all variatiomspdifications, and equivalents of the
subject matter recited in the following claims.

[0028] All references, including publications, patent agations, and patents, cited
herein are hereby incorporated by reference tednge extent as if each reference were
individually and specifically indicated to be inporated by reference and were set forth in

its entirety herein.

11



1. A fluid treatment assembly comprising: at least one fluid treatment unit including a permeable fluid
treatment medium haying a feed side and a permeate side; a feed inlet and a feed passage extending
from the feed inlet through the fluid treatment unit to the feed side of the fluid treatment medium; a

permeate outlet and a permeate passage extending from the permeate side of the fluid treatment medium
to the perme@28litlet; The figstefifestestisd @ rangicdrrsanchéheirprad EAMgg e Bistindhe GaitRXpekitioned

between the Héﬁcﬁﬁ%é@ﬁ@ﬂ%@ﬁ@oﬁ' @F&W’Yﬁ‘@lﬁ@iﬁcﬁ‘{m nevahEediras pak $6¢RNd end pieces is

formed from a nonmetallic mat(irla as flexural modulus of at least about 8x105 psi; and a

retainer exte/ A BEHIEERYRE A POAd IS MEETR AtheMi ReisRied hgee RLast one fluid
treatment unktlaadwberﬁrauamﬂmcomd@md Phecesrag aostipe alaohhg:r‘ “‘idclibdimdlpidrideatment assembly

of claim 1furtggﬁtgwl§#p et aa%ﬁc_glgl%%sc% é’lqbe‘?%’ee }%é grsﬁgm ngd?lﬁgfs wherein the

manifold includes t sage orinc meate outlet and the permeate
passage. 3. lThieLig, f}é@!ﬁﬁérﬁtagééﬁﬁ‘)W%Idﬂﬂcﬂﬁumm%ﬁélhg%@féh@i% BEtRIY and a retentate

passage extapdipgekiandhiedendsivie@idng rrEMapEIedibifkiiaataIgnb BadiuB Arddiihe fluid

treatment unit to the retentate outlet.
falling within the range, unless otherwise indichlterein, and each separate value is

incorporated into the specification as if it wemdividually recited herein. All methods
described herein can be performed in any suitailerainless otherwise indicated herein or
otherwise clearly contradicted by context. The afsany and all examples, or exemplary
language (e.g., “such as”) provided herein, isndezl merely to better illuminate the
invention and does not pose a limitation on theeaaf the invention unless otherwise
claimed. No language in the specification sho@dabnstrued as indicating any non-claimed

element as essential to the practice of the inganti
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4. The fluid treatment assembly of claim 3 further comprising a manifold positioned between the first and
second end pieces, wherein the manifold includes the feed inlet and the feed passage, includes the
permeate outlet and the permeate passage, or includes the retentate outlet and the retentate passage. 5.
The fluid treatment assembly of any preceding claim wherein the retainer comprises a compression rod
assembly including a compression rod extending ®efWéen the first and second end pieces and a fastener
attached to the compression rod. 6. The fluid treatment assembly of any preceding claim wherein the
retainer is formed from a nonmetallic material. 7. The fluid treatment assembly of any preceding claim

wherein eachtend pielHIhERHBE A ARSI CRTR T Mnetallic material. 8. The fluid treatment assembly
of any preceding clanfeadtereeflaidassitoreacndt prets tanzppesscafuahtlgaate Maviedjum Randhpassages.

9. A fluid treatme emhl ising: ... first and second opposite end pieces, each end piece being
formed fromaé%ér%}rr%eaél |canga§§r%?ééi%l%%§/’mg a flexural modulus of at least about 8x105 psi;

a feed inlet and a feed passage extending frorfedtkinlet through the fluid
treatment unit to the feed side of the fluid treattnmedium;

a permeate outlet and a permeate passage extdratimghe permeate side of the
fluid treatment medium to the permeate outlet;

first and second end pieces, wherein each fleigttnent unit is positioned between
the first and second end pieces and wherein atdeasof the first and second end pieces is
formed from a nonmetallic material and has a flakarodulus of at least about 8>?Jmsi;
and

a retainer extending between the first and seeoiddpieces and arranged to press the

at least one fluid treatment unit and the first aadond end pieces against one another.

2. The fluid treatment assembly of claim 1 furtbemprising a manifold positioned
between the first and second end pieces, whereimtnifold includes the feed inlet and the

feed passage or includes the permeate outlet angkttmeate passage.

3. The fluid treatment assembly of claim 1 furtbemprising a retentate outlet and a
retentate passage extending from the feed sideegiérmeable fluid treatment medium

through the fluid treatment unit to the retentaided.

4. The fluid treatment assembly of claim 3 furtbemprising a manifold positioned
between the first and second end pieces, whereim#mifold includes the feed inlet and the
feed passage, includes the permeate outlet amubtheeate passage, or includes the retentate

outlet and the retentate passage.
5. The fluid treatment assembly of any precediagntiwherein the retainer comprises a

compression rod assembly including a compressidrextending between the first and

second end pieces and a fastener attached tort@ession rod.
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one or more manifolds positioned between the end pieces, wherein each manifold has at least one of a
feed inlet, a permeate outlet, and a retentate outlet; one or more fluid treatment units positioned
between the end pieces, wherein each fluid treatment unit includes a permeable fluid treatment medium
haying a feed side and a permeate side; a feed passage extending from the feed inlet through at least
one manifoldfand atlie@dusheeshitaantagsemblrdf @heresedisigesherparine srinaediienmed a permeate
passage extarshng Honmtiglrermaeaig side of each permeable medium through at least one fluid
treatment unit and to the permeate outlet; a retentate passage extending from the feed side of the
permeable medium through at least one fluid treatment medium and to the retentate outlet; and a
retainer extending b‘EI’nweleiml tineafinst retrec seobiydod ad ypereesdiagicluizargadeachress theconechrdemre

manifolds, thg 9{%?”% g{gi &%ﬂ%%g{é' By and the end pieces against one another. 10. The fluid
treatment assem claim erein two or more of the feed inlet, the permeate outlet, and the

retentate outlet are positioned on the same manifold. 11. The fluid treatment assembly of claim 9 or 10

wherein the rgtainefrfRMpiSReSAFOR BERSHBI TIASSREUYYiRFMARGCana SR HRbRending

between the first and second end gleces and a fastener attached to the compression rod
comprises an end plate having no fluid passages.

9. A fluid treatment assembly comprising:

first and second opposite end pieces, each erd peing formed from a nonmetallic
material and having a flexural modulus of at ledsiut 8x10 psi;

one or more manifolds positioned between the ésckp, wherein each manifold has
at least one of a feed inlet, a permeate outlet aaretentate outlet;

one or more fluid treatment units positioned bemvthe end pieces, wherein each
fluid treatment unit includes a permeable fluichtreent medium having a feed side and a
permeate side;

a feed passage extending from the feed inlet gir@t least one manifold and at least
one fluid treatment unit to the feed side of a peabie medium;

a permeate passage extending from the permeatefsgdch permeable medium
through at least one fluid treatment unit and sogermeate outlet;

a retentate passage extending from the feed sithe permeable medium through at
least one fluid treatment medium and to the reterdatlet; and

a retainer extending between the first and seewiddpieces and arranged to press the
one or more manifolds, the one or more fluid treattunits, and the end pieces against one

another.

10. The fluid treatment assembly of claim 9 whetgio or more of the feed inlet, the

permeate outlet, and the retentate outlet areiposid on the same manifold.
11. The fluid treatment assembly of claim 9 or Ievein the retainer comprises a

compression rod assembly including a compressidrextending between the first and

second end pieces and a fastener attached tontgression rod
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12. The fluid treatment assembly of claim 9, 10, or 11 wherein the retainer is formed from a nonmetallic
material. 13. The fluid treatment assembly of claim 9, 10, 11, or 12 wherein each end piece includes a
thermoset as a nonmetallic material. 14. The fluid treatment assembly of claim 9, 10, 11, 12, or 13
wherein each end piece comprises an end plate haying no fluid passages. 15.The fluid treatment

assembly of 4Ry predeifhiddieapimeRingsrnpisal eeipBntplidwherein the retainer is formed from

a nonmetallic material.

13. The fluid treatment assembly of claim 9, 1Q,dr112 wherein each end piece

includes a thermoset as a nonmetallic material.

14. The fluid treatment assembly of claim 9, 10,112, or 13 wherein each end piece

comprises an end plate having no fluid passages.

15. The fluid treatment assembly of any precedlagrchaving no metal components.
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