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CAP The present invention rel ates on elenments u for
separ at i n§O 03@1148Ls conponents of fluids. Mre specifical IRGCTYH@2448sent
invention relates to a seal structure for sealing adjacent separation

el enments. 5 The use of pregHPAR ATION VENMBRANE PNRUOAIN systens are wel |
known. In such systens, a fluid mxture is passed across the surface of a

nmb dapted t { t
of the 11 ui a” conpos i BRORAF pyaciake 1 pkiafn RFicH e R R TP

fiber and vagbusdonysonents mséﬂhrdaan spevifivitipf the presemtanvantiby relstesito alﬂaal n
comercial fluid se%ﬂratlon processes, The use of spiral wound nenbranes is

advant agedtracture fopsg Pgagllaf’?ﬂ*d@aéaqoé‘r%%“%?rbrane contact area while
permtiing a rather T}%r@:% Pﬁé@&ﬁ’éh Gé?m\ﬁméﬁ ?‘1%2 s afé WhIf H{&Ychof
woun rcia

suppl ying spiral anes or co se Is In the form of

menbr ane  elystemstasfluill ndhturoisyased aarosetheisorfacd ofa mpmbmaa@nt@dtte aot ascondui t
around vvhic the nmenbrane js wound. The e eIe nts 15 nmay .t hen be
dsed 1 ngISSGHVE LHBP AL RSP FORPRELS phEF REL QOTISOR 1o PR SRPUER noat o
condui t sqﬁ(gfe%hﬁig,md{ﬁagl way to use spiral wound rrenbrane elements is to

contain them her si ng or nultiple in containnent vessels to form
fluid separation nodiolew fitéran dmpn@ll\e@mdanembrnw grangepenisaegicammenly used can

be conyeni.ently in nnect I genents to
provi QX) t H& cﬂ‘@éef%%ﬁﬁigﬁ?pﬁﬁﬁh% pfgcegse zﬁe %Emalﬁggr;lglr(\ie@&grg%ah?ﬂpl cally
formed by agvaipéddds HBatot afforde a 1 ememt@indﬁ%ﬁtabma while permbittigairathes
central condwt cont ai ni ng hol es@lfg recovery of a centpr al perneate

.-l-

stream Spamadreverll contpinmentvesseh éat@né@r maaftsBPMWtsauﬂ W menanes o
channel s t Xt t he
fetentate f‘é%%;ﬁ%ﬂs%% 9 1516 Bl B e iofa W06 P Rllich oBRS6 Bieiiioh BER, L 1
surface. te fubefor cmdusidroad which daee:hammhs isaweurpl, OilieSetheinbrdn® chem et

Nos. 5,538,642 and 5,681,467, Wien nul tiple nenbrane el enents are used in
ser i eslSwi tm#nthan B HERdesingIN oF ioined; togqtherdp serie Iy dnterroRBeAting dheicRsmedienent s

to one an t K ubes
o orven el RIS g i R R G
t

i s acconpl enﬂnbesingly ot hmiltipde unéormammenh wegseisctalform fluidgespanations motulas
g: ;sg: g;egetlggdtigsrg%ﬁg%WBg i{?eF sing }? Q} can Nqbe c%hgeSn]ién%l%' m%e?co%(r:lgc 1tnzser1|esn am# gh a
parallel arrangements to provide the desired treatment.
20 Spiral wound membranes are typically formed by wrapping one or more
sheets of membrane material around a central conduit containing holes for recovery of a
central permeate stream. Spacers or other devices can be used to maintain feed-retentate
channels through which the feed mixture passes and is separated into the retentate
component or permeate components that pass through the membrane surface. Examples of
25  spiral wound elements are provided in US Patent Nos. 5,538,642 and 5,681,467.

When multiple membrane elements are used in series within a single module,
it is desirable to seal adjacent elements to one another, and particularly the corresponding
adjacent permeate tubes to prevent the flow of feed fluid into the permeate tube. Typically,
this is accomplished by the use of a sliding seal arrangement such as that disclosed in

30  United States Patent No. 5,851,267 to Schwartz. In such a sliding seal arrangement, an
interconnect pipe or tube is received within the ends of adjacent permeate tubes of adjacent
separation elements. The interconnect pipe defines a pair of spaced apart grooves on the

ends thereof that each receive and retain an O-ring. The O-rings are arranged to segregate
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.interconnect pipe or tube is received within the ends of agigagEmpger meate
tubes of adjacent separation elenents. The interconnect pipe defines a
pair of sW&B@IML ¢ grooves on the ends thereof that eadtfVE¥AA¥and
retain an O-ring. The Orings are arranged to segregate -1 *@0002* 28 FEB
2006 WO Qg aﬁ&é@&% aRETSNN RAGAY dppBiBeradRkbesiiite bétdleen thidt cutdrleHdsiof thy
applying radial pressure between the outer ends of the interconnect pipe
and t he i imfercosnact pipe end the inuer suefpesstof the rpmeatva Rermgaedubess pPat ent No.

5, 581, 267 further d!t?scbﬁl%ﬁ#bN& 505931[2269]:&39 i ?ﬁﬁ}ggeﬁ]cakgfoca{eﬂ%ﬁﬁﬁé'Ve
ends of the separation nenbrané. 'Each end cap deffnes an I nner opening for
5 recei vi ngspettiverpndsefthe sepdvation’ mehbrane pBacht endreap defimestandmeer apening for

| ocking ring, for securin adj.acent separ.ation el enent ogether. An .O-ring
" et 81 ndgPeiIE e BeBERATA DR 0N hesSDRROT Iemes s0a A T J9RKTEA AT F Sébspe
periphery qgf, %eﬁﬂ&i&?&&neﬁﬁﬁ?ogf%@@f. AR GBhYRGBaREIINGRE 1RRMAeGRIRS0 pRfiide
provi des a seal t'o prevent the Teed streamor retentate streamfromfl ow ng
al ong t he a spales therateraadiel pesipheryindithveend capp.aCTenscabisppaivgcnadjastrdrendcaps 10

Addi tional end ¢ structures. ar hown in Japanese Publigation,No.
11207186, ARG PEMS Rk PSR e ol an of EHRAERT SREbAREEE YRS havi ng
a seal st rglekiteSessdl VAN BEEVRA aBf6ht 8&Shrdtion dldheditd.i on i nto an adj acent
perneate tube. A simlar structure is shown in United States Patent No.

6, 224,1967. Japanese Aditionsh endeapnpructiresare g vyl ind apaiessBubdication Npconnect

t ube havi .ei h f, 0

|t or connady e R 614 BBndlaf SR nedell M AAREAS LTIV Bl wrmoture |
thi s asserdippsedioh éathend dorrigsriiemingy gradisentyiermentartibel VA sitnilanstewcturdiiamet er s
is used to control the pressure loss. in the retentate tlﬁbe' Ig?a)] ?f t hese
met hods r #§oiWR&sUgited ﬁta&sé’@méyp- %2%7@?- Japsmesedyiblication Ne, H2 % el y
smal | er di p e i onnect pipes are

i nserted isn{;;gg %H&%}E@“%E@nggﬁ% gecaﬁes;]% %@E@%@E%é )es, resﬁl !toi ng in a

pressuse | oss. Furt Hamnothpomeihod of intervomiectinpethe tibes ¢xshoemtin Japaasse Rabent
Orings are sub&ect to_deformation or becom’g}gl di s| odged from _t he groove,

resul ti ng No 280001864 & th sgeably, FHECEGONaPH PARGIAVIE 3 Fariehy o’rglﬁg.er
'nterCO”“Qﬁ&m&?x@‘?ngseﬁftoE&Bt?olttﬂef]f‘res_ el%?s_?ﬁgﬁé—‘fbtéiﬁﬁ@’ﬂﬁep add a |ubricant to

the Oring to facilitate instalfation. _lubricant can provide a
cont am nati on pr obl éachwfthvse methods teguires aninteramnoctqipeivfrgmegortihavivgasent
i nventi on,

a adj acentre]éggé§ ﬁ}t"‘?‘g%r(gi\{llg eﬁEh%? gfepﬁﬁ%;éggm%! f'[ﬁ‘égﬁ tSrecggf?e??% gﬁ)ﬁg %Sgﬁﬁegg& fig' *©

20 the ends of adjacent permeate tubes, resulting in a pressure loss. Further, upon insertion of

the interconnect pipes, the O-rings are subject to deformation or becoming dislodged from
the groove, resulting in an ineffective seal. In certain installations of the interconnect pipes
of this type, it has been known to add a lubricant to the O-ring to facilitate installation. The
lubricant can provide a contamination problem in the permeate stream.

25 According to the present invention, there is provided a separation element
adapted to be joined to a adjacent separation element for placement in a separation module.
The separation element comprises a permeable separation body defining a permeate channel
in fluid communication with a first side of said separation body for collecting permeate.
The separation element further comprises a permeate tube in fluid communication with the

30 permeate channel. The permeate tube extends between first and second ends. A separation
element further comprises a retentate channel on a second side of the permeable separation
body. The separation element further comprises a seal surface connected with the tube and

adapted to engage a sealing member and axially compress the sealing member between the
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.The separation el enent conprises a perneabl e separation body defining a
pernmeate channel in fluid comrunication with a first side of said
separation body for collecting perneate. The separation el ement f @b REB 2006
conprises a permeate tube in fluid comunication with the 30 perneate '
channel . The perneate tube extends between first and second ends. A
separat i gy OEMd & Wi REF 608 ;&ﬁgc@trdthasapmﬁmmgﬂenm ‘Bhigecond si de
of the perneable separation body. The separation el enment further, conprises
a seal sprehes® ddfket Geniketetentatd clannel dntobgnesneats e sndaftheg
menber - ahd axially conpress the sealing nenber between the -2 2 8 FEB 2006
seal surjermeatemibe. seal surface of an-adjacent of the separation elenents.

[T " honbng eSS VTG 8 4 B
P St L ek R K SRR e TR peb By ent

reduci ng_pgégxt%ﬁdg%ﬂgé)x%l?gf%%&t%gﬁmﬁggtiﬁqheqm& sgesmam 10 is One obj ect

of the I NVERLTT on - pr.ovi a, Séparation elenent. conprising:
a pernmeabl e separation body conprising a nmenbrane defining a perneate
channel in fOneiabjecbofitheipresentoinvention istorprowide 8isepArgionsderaciepar at i on body
for collecti,ng permeate; a perneate tube extending along an axis between
first af@TPBEYAd ends and in fluid conmunication with said perneate

channel ; a8, pGhRAGIREpHRAHIIdyRBmprisiag anferibidte Géfining d ppereatdiaanelepar at i on
- bodyy first”and second end caps di sposed respectiyvely a?out sajd first and
sai d second énfleid communicatiawitha first side ofisald separatigndeay Igrsolleetnge body
t here bet weené said end caps including a locking structure thereon adapted
to rel easabl ¥ e wth corresponding end cap of .an adj acently '

posi t i oned, SRRkt kY xR dlongéh &iSbalveanfifsaand sscondedds@ntdn floiel per meat e
tube, and adapted to axially conpress a sealing nenber between said seal

surface and eommanication with said peFmeaty ehaspel y posit i oned 'separation el enent,
Bbogs  ho WLER A PERHRE A SR HaF R AN AR Rl T Ds (Toned 1 n a
pl afle  perMsnadcetond end chpedipsusadmspectively, abohiesaid firstandisaichseebad emdsal i ng
surface i nol udes, an 25 annul ar, seal ing nemicr . 40, BLSYENL, LU g, 41 oW

- caps iﬂc]uding a locking structure thereon adapted to releasably en gage With |

cerresponding end cap of an adjacently positioned separation element;

20 a seal surface conneeted to the permeate tube, and adapted to axially eompreés a sealing
. member between said seal surface and a seal surface of an adjacently positioned
separation element, wherein said seal surface comprises an annular sealing surface '
secured about the outer circumference of the permeate tube, and is positioned in a plane
perpendicular to the permeate tube, wherein said annular sealing surface includes an

o5  annular sealing member, to prevent fluid flow between said retentate channel and said

permeate channel.
Another object of the present invention is to provide a separation element
comprising; '
a permeable separation body defining a permeate channel in fluid communication
30 '.with a first side of said separation body for collecting permeate;
a permeate tube extending along an axis between first and second ends and in fluid

communication with said permeate channel;
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.30 perneate channel. Another object of the present invention is to provide
a separation elenent conprising: a perneable separation body d flpég%
perneate channel in fluid communication wth a first side of s %
separation body for collecting perneate; a %er meat e tube extending along an
axi s bet weegterftate shannetion 8 6eaend sidg of aaid permdable s¢pargtiombedysat i on wi t h sai d

h . -3 2 0-. FEB 2006 d sid f
Ca1 0 per AR Bis sPufectsd o piead i B BB BUR AR o8B per meat e
P nea a2 Peflnd BiofibEPbdrkeBOURS EAPaacR SR b AGN SRAREILrARWAREM2! § SO0

surface and a s surfacé of an ad] acen posSitIoned sep n el ement,

wherein sai d spaiticiied kemeattvmgiemean swhdteianaid seal surfaeatomprises bi aamlaecur ed
about the outer circunference of the perneate_tube, and is positioned in a
pl ane Sper pendi ¥aling suréace secysed sRout thewaylsa cirgpafeesnee o4 the neHRAta fubesad) i ng
surface includ I aﬁ,@%l' iJIRER t | I et ween
sai d retentat egiﬁgﬁﬁg‘fwgnagﬂsal égqu?reat egf: efr?ﬂg%tg@?’svtvmggfégggcon lagnd caps
di sposed r espeshlingbuyrfaebdndludeaiad ahnulat sealivk smambiers ecpreders fiéd fisw 10 sai d

per neate tube and havi,(r%ésai d perneabl e, bod thefle bet ween, said end caps

i ncluding a | RIWAY ¥4G (ReN3E ChHBPEBN 53 Bgete GhiilEasabl y engage with .
cor r espongiighq &BGhd étaigs aRpadlacHRtdwLPAIuE SRMErkt aRPi@tdcBAd Bh&ENt . said

seal surface connecte said end cap 'to prevent relative novenent of
sai dj¢ ocksanpameate ttubecandrithvim sdidsmaineatdeibédcthereletwemmosidendispect of t he

present invention i.s to provide an end.cap.for..a separation elenent
Corpr 1 i ngHadine A ek SE G ARG Pl e Peirrbho d eRERR T e B or
defini ng & capofhn hdjecedily positionEseparafbil eRriehy, saitl sedlBarfaoet A toet ween
said inner and said outer hubs; 20 a groove on said inner hub end surface

adapt ed twid esldapéo preventaelative movement|of said|logking striepue andheaidsaal a | ocki ng
structureugljag osed on said outer hub surface, said | ocking structure
i ncl udi ngs %I urality of projections and receptacl es di sposed about said

out efs hub, sai Aindthé&] odgdct 0Nthe piésentinvertioh & toprbvide aptrdicdpofor kgasaibhy engage
corr esponeﬁlémngntggr%%gtsﬁgzl es of an outer
- an inner hub defining an inner hub end surface;
an outer hub defining an outer hub end surface;
a plurality of ribs extending between said inner and said outer hubs;
20 a groove on said inner hub end surface adapted to receive and retain an axial sealing
| member therein;
a locking structure disposed on said outer hub surface, said locking structure including a
plurality of projections and receptacles disposed about said outer hub, said projections
of said outer hub adapted to releasably engage corresponding receptacles of an outer
25 hub of an adjacent separation element to thereby connect said separation element with
adjacent separation element and to axially compress said axial sealing member there
between adjacent inner hub end surfaces. |
It is another object of the present invention to provide a seal structure between
adjacent separation elements connected to the permeate tube that is axially
30 compressed to provide a fluid tight connection between the permeate tubes of adjacent
separation elements.
It is another object of the present invention to provide a seal structure that
eliminates twisting or sliding of the seal structure during installation of the separation

elements into the separation module.
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.25 hub of an adjacent separation elenent to thereby connect said separation
el emrent with adjacent separation elenent and to axially conpres SEqu
axi al sealing nenber there between adjacent inner hub end surfate: gnFs
anot her object of the present invention to provide a seal structure between
adj acent separation el enents connected to the perneate tube that is axially
30 conpressed to provide a fluid tight connection betmeen the perneate
tubes of adjacent separation_ elenents. S anoth ct oft%he present

i nvention to Brisanethegobiesto Wﬁ?’tﬁ“&@‘ﬁ%ﬁuo%fqm% A sliding:

of the t | | Qfﬁ—mufe&;mtm@mtajmsmto
t he sep§§§{1|%ni#%gy{ﬁwgga%dréégaggg%beglo 15 20 It |§ anotaher obj gct of

t he prewparalhbnemememtsumtophowmaMIsmdt@Pr ucture that reduces the
possibility o defo lsgtg on of the
‘separation. el r’réﬁPg g%%‘ég’gﬁ‘s"?f%&éﬁ‘g&w %dodtqﬁf@e obj ect of
the gr e Sdftichir ¢ prévent. h&aﬁioh dftthe pexlistuaturd do mamamenmfrthc sepazation

prev -abr asi on of the seal structure do to novenent of the separation
modul e grodlgior seql sirughuse PSEtOion, It is another object of the
present i nvengi; ganme%@wﬂ@f hePo@lent LGRS DRIVIHIPSal SRlciRIhA! fes! e
flurd flowin't ernedte tube. I's anot her object of the present

i nventi axotu'cstpcuhledhndfbwinﬂtmmmf@mm does not reduce the effective
| engt h of the,se er?ﬁ]&é

invention to Br’%g‘\’ L‘F rra ér?g en e%%eg@%ﬁé%g%@?f&

el enent Sadtheduc%&ﬁabﬁ’écﬁwtf&eleagﬂaﬁﬁmeaapﬂfaembmm prow des. a

pr edet er m ned, anount of, axi al ,conpressi on el &ﬁ c‘g f cture i
anot her obj eclt 15anether phieckol the pr R %‘F TR egt
L uDY | CaYetBed %@a&éﬁ' dratioh dldndrts bl sEchiréethonepabtian bl@ﬂleﬁfs dnde

separation e hereby elimnating a potential for contamination in .
the per rmavﬂwalpeednteMmaé ageomh of axia] eompressing 9arthe el strpgtarR:i on to

provi de a Sea'}tllg ino E:{'Jgéj%rcte of 13 prese:n(ts’r SPefioh bS elimfatls dmé hEeForlne seal

st urhelbricant on the seal structure to fac1l1ta_te mstalla’_non of the separation elements,
N thereby eliminating a potential for contamination in the permeate stream.

Ttis .another object of the present invention to provide a sealing structure that
increases the useful life of the seal structure.

It is another object of at least one embodiment of the present invention to -
20 provide a locking arrangement between adjacent separation elements that provides an

audible or tactile indication that the elements are fully locked together.

25

-3b-



1t is another object of at |east one enbodi nent of the prezﬂhgh ntion to
provide a | ocki ng arrangenent between adj acent separation @él% t°S™t hat
provi des MOS&U&%& e or tactile indication that the el enen®GI/Y3E/24249) y

| ocked together. 25 2 b FEB 2006 WD 03/011441 PCT/US02/ 21249 It is another
obj ect of at |east ang @ietedobRotofel Idatt®necAb0imdnt vLtheippebehtdnventionss t he
sealing surface to protect the sealing surface during handling of the

separ at i ortecass thessaaling pufage ta protegtthg seading shrfage duringhandling ofdhs seperatipn at

| east one % ;1% Nt , O {aﬂ .present invention to 5 provide a groove for
recei ving "3 &r @pinton%ls gt“g‘em I ng structure to avoid unintentional |oss
of the sealing struchkiya#nother objectasfat least opbjeatbodivhend bEthe Peeyahiiavéntioh té he
present invention to provide, a ernmeate interface adapter, that includes

| R .
the sade S¥ayidsa geavedersegeiyingand setawping the perbing structigisde avoidpmintetignsldoss) o
O her obj Qgﬁe&gﬂngaw_ges of the present invention will be readily
t he

appreci ated as sane becones better understood by reference to the
foll owi ng detail ed Itiesanother objectdfene embsdidwntdf tha presemtdnvéntion ¢o plovidea

acconpanyi ng _dr.aw, ngs erein. Figyre.1l is a cross-sectional view,of
Separ ot | orPBiF e et Becieeideciig ety Sl SRuceerel Peweebitientne of
the presenfeparBi@élements1> Figure 2 is an expl oded view of one preferred end

cap in accordance with the present invention and show ng the perneate
tube; 18 gure 3 is a @thesphbiects arnd sdvantagesond thepresent imvenpior il bertadithodi nent

f th d . FHi 4 | ' , i al k

howi ng. arfBPratedss 1hF sitat PehrBs §RREIngbStot By BRstt B ¥ sl RdEE el o
Vi ew part i desériptidhoien covsidezi dtdithetith with eHealctQtlpalyir @awaizs whierdife seal
structure; Figure 6 is an end view of one preferred enbodi nent_of an end

cap set; and Fi gur Figusedl i agzessisastiopabyipy o @ sepasatignamedule pastially brokeme

preferred ﬁaﬁ@acf | e . | . |l e is generally shown at
10 in Figure 1.@%1@’& f&rﬂgﬁ%ﬁ%ﬁg@nﬁ§€@E§}é5?@r1§?%%$ﬁbf separation el enents
gener dlsl y indi cat ed Eipurk? isBhexplefed viewaf one breferndd énd captin aeotdahsewith yhe

wel | - known separation el epent that has a surface perneable
present invention and showing the permeate tube; :

Figure 3 is a perspective view showing another preferred embodiment of the
end cap;

Figure 4 is a perspective view, partially broken away, showing another

20  preferred end cap set;

Figure 5 is a cross-sectional view partially broken away showing one
preferred arrangement of the seal structure;

Figure 6 is an end view of one preferred embodiment of an end cap set; and

Figure 7 is a partially exploded perspective view of one preferred separation

25 element.

A separation module is generally shown at 10 in Figure 1. The module 10
includes a plurality of separation elements generally indicated at 12. The separation
element 12 can comprise any well-known separation element that has a surface permeable
to one component in a fluid stream and impermeable to another component in the fluid

30 stream. Suitable separation elements 12 may use any type of effective separation material
in any arrangement that provides a suitable channel or channels for the passage of the fluid
containing the permeable and impermeable components along one side of the separation

material and a channel or channels for collection of the permeable components from an
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.to one conponent in a fluid stream and i nperneabl e to anot ent I n
the fluid 30 stream Suitable separation elements 12 may u

ef fecti veWtMHilt4lon material in any arrangenent that pro'WHE@ zglé{ﬂ)l tabl e
channel or channels for the passage of the fluid containing the perneable

and i nper Rkt sk BT ARLRbarafbR HAtPAE SiifiBlehahis f2 Painddaterdhd réRhRld éin and a
channel or channels for collection of the perneable conponents froman -4 2

8 FEB 2oo®ave/@d@13/smral4xrpﬂmrpMatm4@t@ptpmﬂ@ Hyid sonfriningthe ppamesbleon

mat eri al . I I

opi ral or Y P EaRR ARG S Vi@ aRlafy 806 of it SHaflifin St B il

per rreabl et‘rlea;ftﬁ!mbaﬁé]uidm{dl %sfslhg uuhm%:@;t bfythe mpmam egethaitl Examplembf t he ¥
separatlon el e nt .or,,co ecC t.he t [ a SN it axia
out of 7t h&PR @F‘gﬁlﬂﬂ?’iudg%l?‘é @gggoﬁ?) 3e\el) g@%@ﬂ% mgnts i ncl udg
spi ral wound and ho'F{l@sWtﬁrb{i%{ g@%ﬁﬁwnaaé:ﬁém is f&féﬁéﬁiﬂﬁﬂmw& H8PRERLS 0N

elenent is preferably arran that there is a coaxial flowwth the
per meat e falcoaxiahflaw avithehe pedmeaterflavoin 1(ne hamtral pprt@ndﬂ@t axalgng\amaé, shishown i n

Figure 7) .0f. t he_ el Th arrovvs ow.t he on of flow
ot Oihe 1) ik igis Deotih fgnent ThE ppv i ety f SRR O B o0 Wt 1
separ at | Oe@baiRThiidst BloWeES tlﬁﬂﬁ‘e@ht ih%xmcfnl ANDe A& Wik S§fArawvhdnyentdIr ough
the el ement "fromoff-center 'inlet and outlet ports. Suitable se aratlon

el enedfs ofherdone anhoth ﬂnwaaxﬁanas@dwxwllyélmﬂgigthﬁ&lqrmé frameotfpsenter in

t hose skil | Nt f

ar'r angere qeaCaghsy fEiA0E sorbByilf HosaRieh 48 oiClaafion/ didofBindif off %f@ﬁ’
el enent 1ZnbaMitd those fillédin thy aaf 15 nenbr anes Ieaves 14. A retentate
channel sheet 16 separates each _nenbrane | eaf 14. The ret enfate channel

sheet 16 conprises dykeshshomadn Figige 7sthgaast poskaiediamrapganenis orfl}y provi de
separatio e tat t 16
defi nes t%g&? ﬁtltﬁﬁ ?e@&t%ﬁ%ﬂﬁ@‘é&?ﬂ%}v&iﬁe&@rgg lgtnl? a Vﬁ%ﬁﬁé} I's in fluid
communic atnrl]mii?mnisheém 14 etAcretentate dtanngle;heetdﬁ separatels eemhnnembrpm leaf bh Bieenent
12. 20 Each of the aves 4 are woun out g e ate.t be 18. Th
per neat e fﬁtﬁ%fétel@a-l‘ﬁlfi ISE‘?féé SOPTIFeR|3 qliﬁhégeﬁoqs& hd H%{Pé‘? ﬁ)prﬂﬁ@ehol es
20 are forg u%zﬁ&t‘{dgx"ﬁ#ﬂeéd’ﬁi adefif l@%Q§ 'TF{etr&eﬁHe% a:}&&?sﬁé%f I‘@ééfﬁleﬁ theRiefatd he

I a 0

perneate t e ou er nost portion he separation el enents,
over the |chawes$ Hdch ofrthqratematadharmelsowmrﬂmd cemnuinitatidinwith dheretentate chanpel se
an inperneable_.la r théat} l tﬁélnhlblt any feed or retentate nateri al
from passi lag’af’ Neiciein “separation elenent 12 and between the

separ gpi on el ement  1hcARd tHe18aves 85 3k WonRiSdlt 2fermeuRtuisoMs: I Bheseemestt |
tube 18 includes a plurality of holes 20 therethrough. The holes 20 are for receiving the

permeate and to allow the permeate to enter the permeate tube 18.
The outermost radial portion of the separation elements, over the leaves 14,
may include a cover or shroud. The cover may comprise an impermeable layer that will
25  inhibit any feed or retentate material from passing to the outside of the separation element
12 and between the separation element 12 and the pressure vessel 24. Such covers are well
known in the art. The cover may comprise any suitable coating, such as fiberglass, epoxy,
or any other sufficient layer of impermeable material about the outside of the leaves 14.
Other applicable covers include those described in US Patent No. 6,066,254.
30 Each of the leaves 14 defines a permeate channel in fluid communication
with a first side of the leaf 14. The permeate channel is defined by a permeate channel sheet
22 disposed on the inside of the leaf 14. The permeate channel sheet 22 comprises a mesh

sheet, as is well known in the art to provide separation of the leaf 14. Each leaf 14 is folded
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.known in the art. The cover may conprise any suitable coati §% as
fi berglass, epoxy, or any other sufficient |ayer of inper aBFe nat eri al
about thew&?"quaélof the 1 eaves 14. Oher applicable covetST/PA22 t hose
described in US Patent No. 6,066, 254. 30 Each of the |eaves 14 defines a
perneat e cdbeatihke pefindateitlthnaeinshisgti2Qdh il ordinaiy) watllfknosin fashden oid isBecuredbdo 14.
The perneate channel is d%Lined perneat e channel sheet 22 di sposed on

by a
the i nsi dethgpesmeste tuhe 184 qﬂ@&ﬁ%ﬁé@ﬂélériwe@redéﬁéapezze%meil§@boatth@sh

sheet, as j I ' t o \i.de: ' f 14.
Zach | car 1Y (TR pefindpREethe sBed a2 U FR AR Bl B A6 v

t he per meatemminzicatizin wsitke e lidResi20 to hHowiths pameate\fliid fAewingrinfosthépermeated | s
secured to, th r mreat e be 18. The opgen d of leaf 14 js secured to the
er meate tQBue 45 3o iRibgh thapsteets Ghanpkland ioudh kel i e POTHRAR 22
defini ng t{ige Pgr ARKSMPIRATTAEpritidd elbMeMQNHY (AR AR al¥ithlnkd' R &mgﬁéci%ﬁyt 0
allow the perneate fluid flowng into the perneate 5 channel to ow

t hr ough t havageblefremeFidmdae €prporationiBOM3M400/2 hol es 20 into the perneate

S commer ci ally " aval iy oRp el PUBhaBl ety EIBb i 16

pernmeat e cpumnegte shatlel &1 the eqtatale RIS EstHBuledr cHidét pdénthtetaugh t he
perneat e channel and the retentate channels distribute or collect retentate

for 100consammusication with theirpientate chaneale Theprmecate clrmachermwanicaten withdhe
comuni cat e#d‘bﬁﬁﬁﬁvﬁﬁhﬁ 18&’) tﬁgb&nﬁlﬁfﬂ;ﬁ%lé |l ow i nto the perneate tube

18. As best shown I n re’1,t ‘'urther includes a pressure

vessel 24. Each of Afbest ehdwmin Figur! 1¢dRthedule 10 Surthep imiydes a prdshird vediel
pressure vessel, 24, Mre  specifically, the pressure vessel 24 defines an

| £s
i nner  opemdh&adsof the genag sraenty | iesontained within the nressutectesseh 26nMargner
openi ng 2 \ 4 . kN el
29t har o Bo LA BB R e enihg 05 Tho Serp AR e P2
seri esl5 wiarkiocated iy hednhermpening 28. Wahils dher@ may Dhiy e eresaleraent d 2 sethetessare

cl osed of f_ wi d or ,bearin | at es, 26. Bot h, end f the pressure vessel
545 mel wacveisel 24 diredhn b3GR IR of pizh cpirglipn lemenivd Ssommente © S58%

pref er abl yo#hih ' a -fﬁ\@ﬁ QREN : . a feed
tube 30. Al so, %mﬁ?olﬁ)g%es%eiy%g%des a Ser neaétggelggéﬁ?g%&oq}ﬁg%@%nggf) The end
plate 26 bearingplatesi?ér Rothlends dfttiee pressmiseivessel @4 dndluddan endl plate 26a Asshewh it e

et ont ot o HBCEHa PGSR AP A arelily R et it lesifeed cRenimt paadeiptio

vessel2024. a 8k Gube3O! MISE)End phit:€36 AR1IAES a BeithdARESheMniclbr PoRSVTERend BlatElo
Typical ly, the second of the two perneate outlets is plugged so that the

flow of t A thigthersand of the pressure vessel 24 includes a retentate discharge opening (not shown)

that is similar to the feed opening 30. The retentate discharge opening allows the retentate

to exit the pressure vessel 24. Also, both end plates 26 are equipped with a permeate outlet.

Typically, the second of the two permeate outlets is plugged so that the flow of the permeate
25  isonly out of the one end of the pressure vessel 24 as shown in Figure 1.

As describe above, it is common for pressure vessels 24 of the type disclosed
herein to have a feed inlet and a retentate outlet. However, it will be appreciated that
multiple feed inlets, multiple retenate ouﬂets and multiple permeate outlets may be used.

Each of the separation elements 12 includes an end cap generally indicated at

30 34 oneach end. Each end cap 34 includes an inner hub generally indicated at 36. The inner
hub 36 defines an inner hub end surface 38. The inner hub end surface 38 is preferably a
flat surface. The inner hub 36 also has an annular opening 40 therethrough. The annular

opening 40 is for receiving the permeate tube 18. While the annular opening 40 may be
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.25 is only out of the one end of the pressure vessel 24 aszsﬁhp!\gm Fi gure
1. As describe above, it is common for pressure vessels 24 of the type

di scl osedWHU441t o have a feed inlet and a retentate outPEtUS er, it
will be appreciated that nultiple feed inlets, nmultiple retenate outlets

and mul ti plyEndrivalye@tertan ehmdbdintens the innsediametes bf thie ahhelas eemingl 4008 taefste Nt S
12 includes an.end cap generally indicated at 30 34 on eac_ﬂ end. Each end
cap 34 i ndo fasilitatgcoppgetion of thesad cap i yithihe permeatedibes S, aypdll be discussedip 36
defines an,d : e ie: F1RE Snmid ' RS j

pr ef er abl &%@ﬂ?@g[ﬁ%@ﬁf ace. ﬂtﬁg | nngro-ﬁﬁﬁggggggf@%@heg@%ﬁ&g&mul ggégdg&\i ng 40
t her et hr olghing Brvircalan ofoas-seatioanay) tak® an'g sditabler geoaietricepnifigargtionneat e t ube

18. Whi_l e the annul openi ng 4Q.may be -§ 2 5 FEB 2006 WO 03/011441
PCT USS2) 21249 oy | HerISERIOtn i BeREs &4 G BHILY O EoS AHEOKE 42 8HEN of
the annul Eifﬁdiﬂll’ﬁ@dt%d’}? flotn ﬁl@ﬁﬁ‘ﬂe@@ubl IQ TRE Fibs k2h& aﬁ‘aﬁﬁ'lﬁﬁltéleﬁogiggtgﬁlﬁctﬁﬁd cap

34 with the perneate tube 18, as w be di scussed mor e bel ow.
Furt her, tSpecifically, fhe et engagethepndsetthe laayese] 4©, prowent thedeavee L ifloyn  havi ng
a circular,_s¢r - S |.on Kk ui I o) [ onfiguration. 5
As best oitdaieopRER Sk e G 65 Abgt b e SR oohe B> O3 ena
radi al | y qhérelsstelbsn, The mibk 42 alsoredverawshffadent Tloev patlh for4le foed offetéimate to exit
anti-tel escoping structure.. Specifically, the ribs 42 engage the ends of

t he |éave§n§4ena5aq&nee&@mnttlﬁ@nreéaué§1a@ntﬁ?éewptlt%| escopi ng or noving relative

Lo, one anoLher. TS DB ULS AhGRALINE W6 9IRS md ASLEPREVEST, e

ribs 42 al so | eave r’et en 0 exit

10 one sepncladé oflargeciiethtred?. Arprotrugion 46l saemdstovelvadbnirdm the flargieet4pridieer r ed
enbodi ment, as_ shown in Figures 3 and 6, each rib_ my include a flange 44
t her eon. ARTRIFESoN, 40 émfon passinecanss 2 sindzeatfan pdracenhend s psshganan Fighse 6.
protrusio IS 3 ' f | shown
P\H gur o AR spEiBNERRH APy Bend £ bl & redl £ bR IR T Mee ARAEE 200 a7
on t hd5outthereefd Jthepuotiusien 4Gpasses aaf onelontwardby extending s faraof e ritv42 amhe

outwardly .extendi ng .sjyf.ace of the ri,b 42 and..into.the . channel 47 The
prot rusi & itadhe Hhagea, o rBresiar o6 s fpsFiied i Megiagio 372 Kagpvirglof e
pr ot r usi oRRotficls M6l iRty PaiSntoteHebiBRRMahh L4 T haNaRliSle 49 walds audi bl e
as well as physical indication can be observed to provide feedback that

t he respeghysicalémdicatigpscanibe obsarwedio nrovide Siedbask that the respestivel endeapsate bel ow.
20 The enltj ‘a%ﬁ .34 further 'l. nec%udeﬁ n,Quter hub generally indicated at 48.
The outer® %@OS&%QI_T ?‘Fe‘gj lﬁ Sotape _ovg'ur face 50 thereon. A |ocking
structgre general |y THed@ap 84 fiarthe? Indhsdeb dh bURE hib 5RREAT, iAdichiee a8l TP 34.
The | ocking structure 52 is adapted to .
outer hub 48 defines an outer hub surface 50 thereon. A locking structure generally
indicated at 52 is further disposed on the end cap 34. The locking structure 52 is adapted to
secure end cap 34 with an end cap 34 of an adjacent separation element 12 is shown in
Figure 1. The locking structure 52 is preferably disposed on the outer hub surface 50. The
25 locking structure 52 comprises a plurality of projections and receptacles disposed about the
outer hub surface 50. The projections and receptacles may take any of a number of forms,
As shown in Figure 2, the projections comprise a plurality spades 54. Each spade 54 has an
inner relatively thin section 56 and an outer head portion 58. The head portion 58 has a
thickness greater than that of the inner section 56.
30 The receptacles comprise openings 60 in the outer hub surface 50. As
shown, the openings 60 have a central area 62. The central area 62 is large enough to

permit the head 58 of the spade 54 to pass into the opening 60. A channel is formed under
the outer hub surface 50 for receiving the head 58 of the spade 54. The opening 60 includes
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.secure end cap 34 with an end cap 34 of an adjacent separ atzippgglment 12
Is shown in Figure 1. The |ocking structure 52 is preferably disposed on

t he outer“mj?}/oslg‘?“llace 50. The 25 | ocking structure 52 cor’rpwﬁggn 1fj‘l9ural ity
of projections and receptacl es di sposed about the outer hub surface 50.

The proj eGide®@stions 84! TheRidRGeEfonsBY hadk £ saaller Width thatihef ofthe t&@it#ib area 63.
shown in Figure 2, the projections conprise a plurality spades 54. Each

spade 54 HH side sectipns64ratlont the inngr saetipn 86 of thespae g pass Beatethrovghs Butswill i on

58. The hgﬁgglga{,rﬂ.jeq{éaggstggé?ﬁthér Ss greater than that of the inner

section 56. € receptatles conprise openings 60 in the outer hub
surface 50. As shoWherefbee, opademtgdodkCendaaps of thisnype hdjacend eb@capfhee cent r al

g T EN AT e DO TRy

receiving &g@ﬁn?@@(ﬂoﬁ@e%{ljisatz&ﬁ eﬁ%é%é“’l’h%lﬂ @PE%4 B REndIRLeHG Nt e 6 FEB
2006 WO 03/011I441 PCT/ US02/ 21249 side sections 64. The side sections 64

have a snakdpective aiter hubsurfacestSOehgagee Therend ghpsaideare @en rotabad refative toamei ons

64 all ow the,i nner.,,secti 56 of the de 54 t as her et hr ou t
o oot At e € eloeRutE of houtoleh FRRSeedirekRor B hd i RSt b
| ock end aB@S§padés $4'bsttcnY BEt at Wk @RIUTeitRADIERPSIdOsR NS4 Qﬂﬂﬂnﬁg@ B0.t Date inhe
heads 58 of the spades 54 are aligned with the central areas 62 of the

openi 1§s abis ppsitipe theiprdeaps capnot b pxigly mpyed wifh respeet ta onapvotheished t oget her

until the Digﬁgéﬁ%&!o\f‘ﬁﬁ?%ﬁfec{?&po %fgfr'i‘c?:éa}éﬁ iﬁé‘&%&%lifligéci}ﬁs\;l\lﬁ’ﬁgg bﬁzfi-gﬁati*?féiyar €

then rotate Ive 1O one ano elther a“cC

(l; ount er - clrotaking ﬁﬁ eﬁiﬂg&pﬁf 34in ﬁﬁebbﬂx;sitb ﬁirécfﬁmgrunﬁbth'reimms %ali‘gfh witththesptets 54
ottomout at_the end of either, o e side sections 64 of openi.ngs 60.
Once in 10meafiZofihe pperang. Theendape abvhendn dus pesition, san he mevetaXiphnwitRs pect

to one an '§@§(ﬁ I ' 21 IS
acconpl i sﬁe %Es:ﬁt?rﬁ% y §'r’e$6c‘l}[f Sla\glgeefﬂglm'é ?%{%P %&ﬁg&% ﬂgm g}crlltdlt jﬁ%@%ﬁfﬁﬁﬁa%tﬁép%%ggsi te
di r ectliSon elemént 12hAlsve tbsendRap 3¢ @iff Figurd12 bhadjacent sephration ekenfedtsdf2 Hak ¢he

openi ng. The e aps 34, n_in this positjon, can.,be moved axi all i th
eapect t JUOHEALIARRAR PIYCsu Ba BRRETE RS 4 baie O iALRE RIS e 3

adj acent qggg&&;mpgbtﬂl%ngg S@eL tioflefnent e end cap 34 of Figure 2 of

adj acent separation elenents 1Z has the identical |ocking structure 52.
Thus, an end cap 34 Ameltergativedockingstiushire 53 ikshowndn Figirede A52hows ipFigored on

Dot €1 Ll ioRERY e R MR Per P 16 LR L
pl uralbioty mbville fdranest 68ahéerBBéhiRe - TH Wotb 68 BeRPHs Rt hRptable féPrebdiomigdire f Or a
sl ot 68 therebehind. The slots 68 conprise the receptacle for receiving the
outermost legs of the L-shaped catches 66. Thus, the outer leg of the L-shaped catch 66 is
received behind the slot 68 to thereby axially lock adjacent end caps 34 relative to one
another.
As best seen in Figure 4, one of the end caps 34 includes an outer annular
25 flange 70. The outer annular flange 70 protrudes axially outwardly from the end cap
beyond the outer hub surface 50. The flange 70 protects the permeate tube seal from
damage during handling of the separation element 12. The other of the end caps 34 in the
set shown in Figure 4 includes an outer annular recess 72. The outer annular recess 72 is for
receiving the outer annular flange 70 of the opposite end cap 34. As shown in Figure 1, one
30 ormore of the outer legs of the L-shaped catches 66 on one end cap 34 may include a
protrusion 74. Similarly, the opposite outer leg of the L-shaped catches 66 on the adjacent

end cap 34 may include small recesses 76 for receiving the protrusions 74. The purpose of



-outernost | egs of the L-shaped catches 66. Thus, the outer Isegggfzﬂshe
L-shaped catch 66 is received behind the slot 68 to thereg " axl a | ock
adj acent HO¥UMAI34 (el ative to one another. As best see?ngHSqi{ﬂ@Jée 4,
one of the end caps 34 includes an outer annular 25 flange 70. The outer

annul ar f lRERtrdSloR isfolsestan titededdss 76 Seh@icknd dap95a hirQosited t6 gﬁvmy@afblé he

outer hub surface 50. The flange 70 protects the perneate tube seal from
damage durand ghysed feadhaels thatihe sadeansi3vt are & therfully locked pesitignher of the end

caps 34 in the = set S0y iifin Lt dhioE b AESATaO AU P TGS 72
C}' IS TOr In e outer annul ar

The outer annul ar recess recerving nge 70
of the oppmsingthendecamuby fladge 3thereohextends skghitly fomeardly efitherouterngdst t he

§EL§ E\ g'éigf?u%c.et i s 15 Tos aliembend epddaaniudesg toith Heineadhabea Sp_%‘qxest o6
. |

oot r s one SEerm@E End: S ot 7S WISYIHBE gREPD SERRSI0BT b APceh RS I, 1

t he pr ot r Usiseat thegein.o Thatas, thenotck 78 preddes thavdnee faritke euter lnubpsirfade 50 of thecked

to provide audi,nbl a physi cal feedback that the end caps 34 are in the
fully Iocl@é‘l?cﬁ'gﬁgfﬁ?\.gg‘me outer hub surface 50 of one of the end caps 34

(the one on the I ef tth orlisth BebeinbR: edicaps FNOMhRIcohtigRERor QepdifichGilemeits ends
slightly forwardly of the outernost 5 surface of the ribs 42. The adjacent

end cdf 342imust bagensirugteddaving anend gamolthe type disclnased baying amevistamwiasst end.

seat t hor d1E8 19 B Sk &g W6 Bh el Bmt ARG e nBhink e QRLAGRN ey BRE Bt
surface 5Gh@btheiénd. 2djacenb separitiof dlenitfts 12urebgially bibgred @4 Pushedicgetiapsuch? of
this configuration, aration elenents 10 12 pust be constructed having

an end ca aiﬁhq%éeltlygg? thedeshaped caely 66 gngageviheslot 88nThaend eansagrotatedn one
d, and : i oL .

The’ ot ner 125 RGHE aidt ob AeidokBRelbELh Ao RUME i ARON) il BROCIFnes O

pushed 5t ogatche6 tottoms ouhit the kot 681t Br certeiy enibodimerits, shaprettusioh 74 witildngages

the slot 68. The end caps are rotat rel.atjve to one_anot he in a
cl ook se EHBMEELRs Bioese RO E A b pigmer] ingetol GALBE A SRS 66
bot t oms  oybcyell rélBvetoUneBiRothks E%Hﬂiﬁ{bgf%&e’@gxﬁgﬂﬁfgnﬁz, ﬁ{lﬁ)l“ﬁf Jﬁiﬂ#ﬁé@?ar&cﬂ@mu' d

engage the recess 76 providing an au physi ca ation that the
end caps aheprotrusike 46 (sdeatonseintiguad) amtheflange # of bt 42 engagbethe ehdmmel 4/Ent s,

as shown in_.Figures d 6, .,the protrusian 46, (.seen only in Fi e 3) on
the 11 angdeRnedby feistbs 22 ot agiaceaRod i an Sfoviamin TIER? Gotp Hyvidhautplsdud) o
an adjacernphysips feaBaciéthab iR Wid chps3404#E focRed.t © provi de audi bl e and :

The connection between adjacent end caps 34 is shown best in Figure 1.

With the respective end caps 34 in the locked position, the annular flange 70 surrounds the
annular recess 72. In this manner, the annular flange 70 provides added support to the
connection between adjacent end caps and helps prevent flexing of the two adjacent

25  separation elements relative to one another, particularly during installation of the separation
elements in the pressure vessel 24

While two preferred locking structures 52 are provided, it will be appreciated

that any suitable structure may be used to lock the respective end caps 34. For example,
push type connectors having an enlarged tapering head can be inserted into holes on an

30 adjacent end cap. Alternatively, axially-extending fingers can be incorporated into the end
cap which deflect radially over ledges or protrusions of the adjacent end cap. The end caps
locked together when ledges or protrusions of the fingers catch behind corresponding ledges

on the adjacent end cap. Yet another alternative relies upon single or multiple sets of
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bet ween ag] acent end caps 34 is shown best in Figure 1.
respecti v&VQIWIMs 34 in the | ocked position, the annul arPETHIGE1HY
surrounds the annular recess 72. In this manner, the annular flange 70

provi des @ﬁg@s%%s%glbo%s dddgidges ek therldirénte R et magpicalantadaiasaog

hel ps prevent f g of the two adjacent 25 separation elenents relative

to one andtinprefersed thatcihe deckingstruchge beschithaldl ean nsovide 2 predsigrainedn
| t i i . i t
52 are. pr Sinizdlin RS Sif e EPaenge el PadillnPhatRbleifhos BB 1ot LICS

used to | dissussbébelowp drtfeyably nhk loakiag Stuctierwithalsvpeenit theisdalihg forcennect or s
havi ng_an  enl arged tapering head can. he inserted into hol on an 3

ad) acofit. GHECABHHA FORPAISE R EXldopes aqufaﬁg}ﬂ&éﬁgwaﬁl?fbgﬂnﬁg@ﬂﬁaéﬂe el How

! hcor por ato?ﬂw'fﬂfiﬁtﬂr € mddl V) Gien cla@&ﬂiserlﬁﬂirﬁ'l)t Eué)t\éeﬁowl-ﬁﬂgﬁéﬂ or
protrusions of the ad]acent end cap. e end caps ocked toget her when

| edges or ppessire dsopowithinfthe reterftate gharmelshieethl Goaflthesepatation sfporai.ng | edges  on
t he adjacent end cap, Yet anather terpative relies on sjingle or
mul i pl o sets of oA shoRan ke 1 B Shpe ey Brernciege n o3 RE ORI
spiral gr QO‘fGi&eééWin?'ﬁ@-ﬁnngZI ahE G-Hg 82 proRide af sealeicfRéen the bitiradt sidiceaded
fashion. It is preferred that the |ocking structure be such that it can

provi d8 a ofthechad cap3hend the innensurfaes efdhepressvse vessel 24 rihetsarlS4msevqatsthe

ocii g sePeTpe b etentle ARid et P fnd BeSfieRE P PELS Sorlc TRECH BB 2 14,
response fshow bfdutéruefase afe ieﬁ@'c%m‘t. hig wakk e apprecintet) Iysves; tHat tHeyOirtig 82X al
flow of the fluid through the nodule 10. Such forces arise naturally due

to flow i meRydquevideaseal hetweenapspRptivei qutertub suxfages 20 0f adingsnt end sapse dt the Oy
th ' . i Fi . incl ud
e e S R0 el B bt HIE BRI by o 1o
provi dés dlowing fromi ovtstde dfthe cepapativnsdlensent f12 tleroudidthefent kap atide owtpr Bub and t he

i nner surface of th ressure \ves 24. The seal 84 prevents the flow of
feed and SBHe dp guth ﬁpﬁepﬁeﬁ-pmgihﬁwe%a&enﬁﬁp aréQeqresshie vewsl mayae
Oring 82 n‘nd;fy ot BEWhe LTt QM 150 gb‘g 68afell gﬁéﬂ%leﬁﬂj%r%ei@g%né&f ¥dnylsuftsble seal

appreci ate owever, that th ing 8 may pr e a seal Detween
r espect i veonfiguratidnsb TherVf-aepandibe six-labigdssah sudnas the pultiseal from Recisiomg seal

I s provided at, thgnouter hublagurf ce, feed and retentate fluid wll be
pr ecl uded “155Rtes 40y PR AUAMBUYS de of the separation el ement 12

through the end cap g inifitaBt feRfurd\SHXhS pPres@RSnventioft 400 pRoidé &n inigtBvéd dehNg 82
bet ween the end cap and the pressure vessel ogtag or may not be used. It

wi | | al so belavegp thapsroeate tubrstl 8taf ediacent separation alemaends 2. Hamdesirable pprovides)|
areliable seal between the permeate tubes 18 of adjacent separation elements 12 to prevent

.20 physical feedback that the end caps 34 are | ocked. The t 4
wal R

any contamination from the flow of feed or retentate fluid into the permeate tubel8 at the
connection.

25 Generally, the sealing structure comprises a seal surface that is connected
with the permeate tube 18 and a seal. The seal surface is adapted to engage a sealing
member and axially compress the sealing member between the seal surface of a first
separation element 12 and the seal surface of an adjacent of said separation elements 12. As
used herein, the seal surface can be connected to the permeate tube, either by being an

30 integral element of the tube itself, or can be a second member, such as the inner hub of the
end cap 34 which is directly adjacent to the permeate tube 18 and which can be connected
thereto. The connection may also be fixed in certain embodiments, such as when the inner

hub is spin or solvent welded to the permeate tube. The connection may also not be fixed,
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-configurations. The V-cup and the six-lobed seal, such as tj¢ figgl 2006 eal

from Precisi sociates, Inc., are proven alternatives._ 20 An inportant
feature ow(%ﬁ:gmb@isent invention is to provide an inprovedpé'gHPozlzngV\een
the perneate tubes 18 of adjacent separation elenments 12. It is desirable
t o provi deuclas whertthednisee hlb ergapes s sé¢dond pedlingahember fnst shéwn) atdll imceefiice
separation elenents 12 to prevent ., any contamnation fromthe flow of feed
or retent eéwmﬂmpmeatwﬁew%mrﬁﬂlbepem&t the connection. 25

General ly, the seali UkSn &ﬁwi by nect ed
wi th the perneate tu%?g?égﬁeg a sga . t%ﬁgﬁssgglﬁfg?&uﬁgﬁéé%?gh%@g%t% tgaengage
a seal i ng andéythersealrsurfags edrhyrises fipst 84 and kecond 86 ipayneatertube ehd swiises. {Thet iseal

surface of,a firs eparati | enente.1 nd, t he | surface ~of

adj ac eﬁt dhe pegmya etﬁé? g??’gtﬁmgﬁ%eeﬁ@ﬁ?lslpsl .S%m%f%?fliﬁ%@ﬁmﬁaﬁe@ gilglér%}&r‘lf ace
can be conndGeeshdiss éndsurfaéd¥Raé snruldd Sprefoidbly birflladif icR@s sevtidh. Eatledf the
elenent of the tube itself, or can be a second menber, such as the inner

hub of t hefirseffhandnecond §hendsurtaces are geneyallyflaicent to the permeate tube 18
and which can be con [ oAl t f in
certai n enbodi nment S,Rf;fééﬁ%ggw gﬁ{rﬁh%t %ﬁr?g(?&%%bé@gug%%ﬁ?%@g%egﬁeen \g/\r/el ded
to the pergroetess. Waseen EFigares 2ahnd Gntheaynilhsgroows islof the fistlend sudfade 84.FFRe
2006 WO 03/011441 PCT/US02/ 21249 such_ as when the inner hub_engages a
second Os e AtnRlEr groRKe 88 isfor recsiipg ang refaiung A sealing mpembsg thesein. Précrallynasit e
tube and t ) ' i E% y=TaTalc) ; ) l'ing
structure,ﬁgghgﬂgivg}g%@?ggéggg%@’gﬁgggﬁg e sbgzglws r%{;?gdégm rbigsgg@fi rst
84 and seowidth &Bthe grovweiB8 it slightlyschatien thamw the.craslh aection, of the Qhingk adhie t ube

18 t ends bet it ' 84. and d 86 d f .. The first 84
and secondnameb e Qe 0 5k pe sighlly Rprered BHCBE gaave 8 atefranyplycde
section. Egghe @fandehs of e Glringis & Zn@;&g&% Bian BRAnSIHE HRGRTr T thedROGIARY, Y

flat. At | east one of the first second 86 end surf aces i ncl l_Jdes an
annul d5  dndhis madger, te Qaing Wwill Hei shighthy steetched dver thegreaveu Aafriction &b will thusn

the first end s. 84, The. . | 88 i i Vi d
ot ai ni ng 9 Wreddrh et the ( Rioe R U Pyt XBa e ifuth OF alepininalids o e
in Figure gighflPfess fih HRIcra®dReefiort ONBE O5ARg 0. Thisiallewd the Jling 90it6 plotifdet he

groove 88 is slightly smaller than the cross section of the Oring 90. In
this nannftem thengroove 8ty @@ags the speond|engd sutfgceddrafithesadiecenhsepaatien glepwnt 88,
Al ternativ. the insi ' X ri [ Lght 1121 t han
the insi deﬂd?(%hr%\isetha °8?é?ﬁ§5%%%%é?%ﬁ?éﬂ@ﬁ%"ﬁid@%naﬁ%§ %"q%p%%& ?fﬁ’kﬁg‘%'v% Il be
sl i ghtdoy sippficidielthavwithiniBe §iopevethesrésehcitivanioh] thewedlingtrhetiber may be

retained in proper position using alternate methods, such as for example, the use of a

suitable adhesive. In this case, the groove 88 may be eliminated and both end surfaces 84,
86 will be flat over the entire surface. The O-ring 90 can then be secured to one of the end
surfaces 84, 86. Alternatively, small ribs protruding from the side walls of the groove may
25 be employed to create regions where the effective groove width is smaller than the cross
section of the O-ring 90. Additionally, while an O-ring 90 is the preferred sealing member,
it will be appreciated that any suitable sealing strlllcture, such as for example a compression
seal or a seal with a non-circular section, may be used within the scope of the present
invention. Seals of non-circular cross-section include the four-lobed seal, such as the Par4
30 seal from Parker Hannifin Corporation, the six-lobed seal, such as the Multiseal from
Precision Associates, Inc., the Tetraseal, from Goshen Rubber Company, the Press-In-Place
seal, from Parker Hannifin Corporation, and other well known seals such as the U-cup and

V-cup.
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-be provided to retain the Oring 90 in the groove 88. Al so ke dpost h of
t he groovwg {igs slightly less than the cross section of the Orin 90
This allo FRIHL ng 90 to protrude fromthe groove 88 %T@ﬁ‘&é?dé t he
second end surface 86 of the adjacent separation element 12. Wile a

groove 88 is prefer rgkhownlift Figute 5 the ehd tdpg 39Qré sechredpartherdspettiae parteatet
w il be 20 appreciated that within the sc fpe of the present inventiogn, the

seal i ng ndueses8says géall%ﬂmﬁrétcpndﬁu{fa@p%#o he fitst permeatefybe | § o Gontast ﬁ\ﬁt hods
h f |

;EgovgsBB%ﬁ%O%%gﬁeﬁrfﬁeﬁt&%ﬁ% 30@%???&1 %tﬂsl uer ?Sal?gg Iaﬁg?géngbgt’v% @P& Eg fSI at over

t he enti r detwechabeinnéiianb3 6 andgth® 6utensurface of the peancatembedmmmtccﬁtlbﬂe Thns|

of "t he Sgr dbY BRDAS Y b Sl so s enteLwErPL g bf beditele SPpin Dy fudbete

groove w qﬁéludl\% %?Eiﬁiplé Q%ﬂcﬁdﬁﬁl ﬁtr B? the W8 %T h@bsREs tlﬁ%pf& weldth %9 by solvent

Addi tional l'y, Ile an "'Oring he preferred sealing ne w | |
be appr eciweldingt Indeedanyy mnmqtﬂfeomnmmglesmhuwéto @Gmﬂa@tqiblbeéﬁéﬂ"rpl e a

conpr essi aon. al_or eal w.th a.non,circ C thin
the scope ‘G Pﬁ? sﬁ?%%@tﬁe PHRSEN ?%%tlo%eéft ﬁV%&H%@? Sﬁ’ggﬁﬁ%ﬁ&& és@cctquh

i ncl ude t hgay BaiechiRB AitestBPlo thé BdY oFdhd leaveRadbr tathet@dr. f r om Parker Hanni fin
Cor poration, the six-lobed seal, such as the Miultiseal from_ Precision

Associlftes, Inc., t Heﬂlfemrﬁﬁ@wélemhorimn@dbmrﬁd P 3 &r areypirrHy fonmed from a

Preos- 0 FhAGu e of S IR SRipe PR GOt Ml e 1t
PCTI US02/ Zler€atdntérifienubie) ad:s@ éréh Eelo\thuaﬂdxateﬁalsrﬁéymclads,ems ed on the

respective perneate tubes 18 so as to allow the first en f
the first (perylpaitile-putpdienesstyrenelnrany othes thermalplastic fapexamy %tcP@ YSQ%WSRA%é

second per e ‘gmm ween.t he
i nner hub (gg@ (ft?ﬁﬁhegusplet%ﬁgd%rﬁrge o?lrﬁﬁﬁl‘éld%gr}}tn%lg?gos% 1633&@5 négft%crl tical.
Thus, 15 tfmddﬂmmonipobmﬂfsuuhyberedmwmobpbmeshe out er surface of the perneate
tubeln any manner, nIudln Ieafr| nal it by the use of
adhesi ves, by spin VEQI ‘HéoB? t}geoqegl)é;ﬁ{[m WFGFWB ﬁ ?fﬁypeﬁﬂ?ﬁ‘i ®r of
connect i ngubdeg majac&&ttaegéaﬁ&l él@:ﬁer&@'lﬁmtﬁ'b%lérﬁ'é?ﬁs ﬂﬁm%btamadh IThe &t en@ope of

the present invention ernatively, in this enbodi ment, the end cap 34
may be s ecmlrfacb 81 ofthe pyrmmet tube &8 df theffirstisepdrationcelementd2 qommses thogereralhso I n

th f nbodi t h d
mten al A swiaeand BEring e noves BRTon Thp ek b Ratiatuy Solbrterh AL
tube op t (l}ﬂaceﬁeiﬁ ﬂﬁ%@ox’dﬁ@ rFIRCHrst 4H3%ecdRl sePirafi@ $1BmBRk QWarspigdedraiagental s

may inclu ABS lonitrile-butadi ene-styrene) or any other thermnal
pl astic foqneemgﬂnpt @chp%atylgqmesmvm caps align to allow the locking structure to coact as

described above.

The O-ring 90 is axially compressed between the respective first 84 and

second 86 end surfaces of adjacent permeate tubes 18. The locking structure 52 secures the

25  adjacent end caps 34 and thereby the adjacent separation elements 12. The O-ring 90
prevents any fluid in the feed or retentate streams from entering the permeate tube 18 at the
junction between adjacent separation elements 12. By properly positioning the end caps 34
on the permeate tubes 18, a predetermined axial force can be placed on the O-ring 90 to
provide a proper seal between adjacent permeate tubes 18.

30 In an alternate preferred embodiment, as shown in Figures 1, 3 and 4, the
inner hub end surfaces 38 on the end caps 34 provide the seal surface. As described above,
the inner hub end surfaces 30 on the end caps 34 are generally flat surfaces. One of the

inner hub end surfaces 38 on one end cap 34 preferably includes a groove 92 for receiving
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-or the like. Further suitable materials will include any t GFFE%?MV
two-part reaction 15 nol di ng conpounds such as urethanes or_epoxie I n
order to bvé”é({!tl“llhe seal of the type descri be above bet weknl %W?é%t‘?
tubes 18 of adjacent separation elenents 12, two el enents 12 are obtai ned.
The first anO-rimg04. aWheBﬂnmmmmeﬂfm@aﬁhhbﬁglﬂ sedl nidsebé perfdcteriyptwedn on
el ement 12,cqQ Se neraII t surface and having . h roove 88
t her eon. "g)el"k‘ﬁﬁi@ fﬂ"{%“égj me‘eﬁﬁ&@o IQP Ch ﬁgllﬁéhegroove
88. The fi jiflARPeSfE QO‘éfﬁfeFlﬁﬁ&tHuB BERHRIBOLnbéted WithPaASERlA Y BE Ber One
anot her such that the respective end caps align to allow the |ocking
struct ure sufaceafthe permehte tibeld€d Thisdid tightar@ngémentdOné¢csssaxy wlgrovanbther essed
bet ween. th tiv . and econ surfaces,. of acent
per maa[ge tﬁ?) ? %ﬁ@@%&ﬁ‘ﬁgﬁg S’Hbf.?r"én%g‘ ggéfﬂl g qpter s%f?fcﬁ@g nt end
caps 34 anﬁeﬂﬂa%%e 1) eTtaApreferiell nSHRA ctipefBctilgaiRThid fight al@géhént rigto%%m

prevents any fluid in the feed or retentate streans fromenteri ng

per meat e t WBld thginger yte36 {ofthe peireatedibe bh Telfastitate this sennection the @?mllﬂfs 12.
B I

o ctet or i SPSAEEA0 e hobf Bl 56 B RE wliredt AdMORFERRYE of B mg Brid
proper seahgﬁlebmﬁomﬁtmmemthqqﬁnmﬁmeﬁanbperni&te f0e Il 8 arwithih ehiesope of the

preferred enbodi nent, sho in Figqures nd 4, the ner hub end
surfacth 3Bresmmt men%%aﬁwéymge YABRIE fRe inner %%3 @G}’?’ﬁé‘élve‘ﬁsw“g‘é%dctﬁ’i%f‘ed

above, th tulﬂ:“b tﬂéﬁ} th(g?] | at
sur f aces. e oii AI nner u%ﬁlga}(ljésur gégggagggggr@gn%gﬁgﬁlg%?ap gﬁeﬁ%%lé

pr ef er abl yséahmay He perfeciedusing 9 uifabie seeling member te2was) thEBirizd bbb 36/\ﬁld)t&/e011441
PCT/U802/21249 an O ng 94. en this a sed,.a fluid ti

seal must suitalle Senfink eBhd ARG T b red Hopioide e setl beiestot

t he perma&gwﬁuggsaﬁ@ﬁﬁp%ﬁggétgmlllgy the annul ar opening 40 of the

i nner hub 36 nust be connected with and sealed to the outer surface of the

per neat® tube 18. ThAs aboys, while grgrocaners‘angpwémredltg rﬂméh@@ﬂyng 9)4 mmvmrt t he

5 fl ow of ffﬁgor ret. tatefl%gq_hall)! the r}ﬂﬁ e outer
surface of “F¥fat aPB‘S 1a esp?%eao ?R’E?aerﬁfn‘ﬁé‘—‘?% 7‘7‘?61{1%5
fluid ti ghmeﬁ;béﬁﬂg@ewambautpmp& Iﬂ)SItiUﬁ'u@m h@temaranethods, S&cH 2 fohexaRpledet e
tube 18. To facilltate this connection, e annul ar _opening 40 of the

i nner hub B ofgyuitable adhesive. Imths easethe gwem 8& gayfesliminatedand bash pdjacent

tight th
the scope. Bet b Y sias 8o PR ar Y&t (e SR TnE AHRE R Sl thip) 36
nmay bea@ol yenied b bhkesf the iridee hulp eid®afaged mmddulémvyatvhﬂehuo Sng 94k the

adhesives may be used. Further, a fluid inperneable
preferred sealing member, it will be appreciated that any sultable sealing member, such as

for example a compression seal, may be used within the scope of the present invention.
In order to perfect the seal of the type describe above between permeate
tubes 18 of adjacent separation elements 12, two elements 12 are obtained. The inner hub
25 end surfaces 38 of end caps 34 of adjacent separation elements comprise the generally flat
surfaces. One of the inner hub end surfaces 38 includes the groove 92 thereon. The end
caps 34 are secured on the respective permeate tubes 18 to provide the fluid tight connection
between the end caps 34 and the permeate tubes 18. Preferably, the end caps 34 are spin
welded to the respective permeate tube 18. The O-ring 94 is slightly compressed and placed
30 inthe groove 92. The first and second separation elements 12 are placed adjacent one
another such that the respective end caps 34 align to allow the locking structure to coact as
described above. The end caps 34 are secured on the respective permeate tubes 18 so as to

allow the inner hub end surface 38 of the first end cap 34 to contact the inner hub end
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seal may be perfected using a suitable sealing nenber bet FFEWnner hub
36 and the S)ermeate tube 18. Any suitable sealing net hodv&% S be used
to provi d&¥0¥YPA4lpet veen the inner hub 36 and the per meaP€IUHE1IY. 15 As
above, while a groove 92 is preferred to retain the Oring 94 in proper
orient ati ogurfaté 38\bf the Rd 28PB4 €0 Sinbtt tHedhnethiibiend blrtace G8RA tief erldrap Bagaent

i nvention, the sealing nmenber ny be retained in proper position using

al t er nat e bastyesmin Figuknl.as for exanple the use of a suitable adhesive. |

n
this case, the groowv _ o ' éi‘:?ﬁ end
surfaces 38 will be ﬂ%@ ‘g%?@?r?gdelgl@@%gﬂ%é‘g%’?ﬁg f?‘?\%e@ ca{;le ?zﬁgt;\ be
20 secur edhe firsterd odp 34 and thednnen hibb endiswaface 38 of titGecoltidjacentdndycap 34i The an
Oring 94 js the referred seali.n er, jt wll be_appteciated that any
sui t abl% SOSKPE Softien ieadarent s e 1 andhere P B iFoGu Spin e
used wi t hi dedBifts $20RSaR b bRopH§ %%lﬁoﬁiﬁg’ eldn@rtapd 4 64 BRpeBedte ilbRs 18, tahe

seal of the type descri be” above” bet ween perneate tubes 18 of adjacent
separ at i onpredeserorined axial foves ceh baplaced apther@-rivg94ita prpvidtnapiopeisea e5 end

surfaces 38,.0f end caps 34 qf adj nt sepatati | enment s compk. se.th
generalty fistenSiferBlend nfacd SBnTAT bora RGN drife SFHES B RlpREy b 1
groove 92 hfbdnd@rfaddsBsailcheCRith thedhid tghtevnhestiofbetweentRs @6t hubg 3g@ndeat e
tubes 18 to provide the fluid tight connection between the end caps 34 and

t he pekOheapesmeatp&ubes d 8 preventsrany|fpid infhe &ed o seientatle siyeams Fpm enjgsi to the

respective r { | . ' L. I ressed and

pl aced 30 Pér%ﬁ[eﬂg@%bfeOIOSiJ/zg%M%eﬁvé%ﬂq%ﬁ%%gfe%gaﬂghgg%lg%ﬁ gﬁ {lgomr? "el enents 12 are

pl aced adj acent one Boampedviding shecdeal betwedn/the immephul endesuefadescIBost éad caps I t o

al low the | ocking structure to cQact as . descri bed apove, K Th eng caps, 34
Firgl, s

are secur eof Wincemseparaion elementsdPnesaiomn adypriggessre gbtained, &5 dther
hub end su fd AR nd -13
2 6 FEB 20‘3’%‘%%8%3%%‘39‘16 ﬂﬁ@%ﬁgg‘g’fg%sfgﬂguiﬁr?ﬁaggﬁggﬁg}eﬂ‘?Fwe en%*‘*c“’?? T to
cont act5 t haijaceneperineitedulststo ndtdmye d8caitadt bre enufheraiSedehd, e infrdibeaén i n
Figure 1. The Oring 94 is axially conppressed between the jnner hub, end
surface 385"6§°est i@rgﬂ@ta larggr g.g%:cggn a‘a;gfhttﬁzo‘?ar%@fe SFéWgéﬂ?}“éeﬁr % H@Qy{%@e of the
second adj AGANkaiGRMicRHT ﬂxb@'&ﬁd s fdcB 8k irélGtivd to4hE WecRing3tra Sty $5hdches less
adj acent end caps 34 and thereby the adjacent separation elenments 12.

Agai n, by @itapgkrly positioning the end caps 34 on the perneate tubes 18, a
predeterm ned axi al §or. can _be, placed .on the ri 4 to Qvi de. a
proper seal between ft%ﬁgagélnprepﬁh@rtﬁﬁ&gal%ngw S%Cﬁgggqe’fh@g%ﬁﬁ?ﬁgtion of
t he O-2(¢ ndcdidbififtini With 8¢ Afsthdr ih BARF to farthetinthrowy tha eRegrtd ofitiRifodilé.h t he

fluid tight connection between the inner hubs 36 and
The module 10 also includes an element interface adapter, generally

indicated at 96. The interface adapter 96 is connected outer end cap 34 of the outermost
separation element 12 in the pressure vessel 24 as best seen in Figure 1. The interface
adapter 96 is to provide a fluid-tight seal between the permeate tubes 18 of the first and in
25 some embodiments the last separation elements 12 in the pressure vessel 24 and a permeate
interface tube 98. This connection permits permeate to exit, and in certain embodiments
enter the pressure vessel 24 without becoming contaminated from feed or retentate fluid in
the interior of the pressure vessel 24.
The interface adapter 96 comprises an end cap 34 taking any of the
30  configurations as set forth above and as shown for example in Figures 1-4. The end cap 34
includes the locking structure 52 as previously described. The end cap 34 is connected to a
permeate interface tube 98. The permeate interface tube 98 of the interface adapter 96 does
not have any holes therethrough as do the permeate tubes 18 described above. The
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.10 perneate tubes 18 prevents any fluid in the feed or ret ?Q?EE eans
fromentering the perneate tube 18 at the junction betwee |dC
separati oW QP¥HLMs 12. By providing the seal between the ?9?(5%02}‘?{]549end
surfaces 38 of end caps 34 of adjacent separation elenents 12, certain
advant agespeneatetinhteirfaecitube98 Sorther ldoesmud hawegpanydéaves 44 corngutesi théretve Then t he

perneate tubes jn such a ner that_ the end rfac 84, 86, of 15 adj acent
er moat o BFBEAlednieRcH e SFas tamecied tojfe THivG DY 16 OEBe G oo 9y ARk,
end SurfaE&?oﬁ?aKHv@‘fbﬂ&nﬁFétﬁ{gﬁtﬁé P&‘rﬁefat%ctﬁbé)f‘st ﬁ’g&?&bﬁeﬂn@ﬁ@@ the sealing

menber. Finally, the axial registration of e e surface 86

relative to the | ockimonepreferted embbdinient, aysbowe gsFigure 1, theapermbate mtedfadse

appreciate t. seal ing.neans,deschi.b her ei n b d qi.n 0

conbi nat i oﬁ'b&n!a? A® g‘?@eéﬁgf’ﬂgﬁu‘%}i’%oﬁ‘ﬂgthgﬁgmmef Wé@%ﬁﬁ’b‘sé%ﬂféhei ??%lecép Pty of

t he modul esuchfue biyagisl weldhga |A5%jn', afd Helges firth HovBEHhE innkf RIY 36 Map B8 RipRfed to
generally indicated at 96. The interface adapter 96 is connected outer end

cap 34 of - facBiteethe spirs weldingprogess onThe mpeniublend; syrfpep3 hrispsefarablyats dhe 24 as

best seen j ' ' . .06, . r Vi

fluid-ti gh@%ﬁ%&%@ts@é‘%@? %éﬁ%%%%gﬁa“@?%‘ﬁé&i@%ﬁhﬁég?ﬁ% 6@%&@%% some
enbodi ment end sigface 38 of e adjatind endiaprdintFheleadicaps Teamp tigmslucled\vs Sseathandrer gdtd a
perneate interface ttﬁ)e 98. This connection E‘grm'ts erneate to exit, and

i n cer t&i nfasthabavereln Ris rapnner, the el brtweqrdisend sap 3 phibadashaperatien
cont am nat gybhC1d fieiifle @hd E? ﬁf‘&@tgg inltdrdcd _aHé(;btelI g ‘ﬁel'dgﬁ %ifapgcﬁéreis@&. PhfigSur e
dap a

vessel 24. The interface a ter conprises an end cap I ng any of
t he 30 conpioyidestifluidtight relatiofshipt tetwban/the pennease twhe Ws of the last sepakationn

Figures 1-4. The en ap_34.  include e locking structure 52 as
pr evi ous| yéla’é"gﬁtr]tzﬁggl.tﬁfrﬁ‘é‘%%ﬁe@ agﬁtq%gbgonnect ed to a perneate interface
tube 98. The per neat gyiiRitRE iRRENIBGRI U868 3¢ bfthkRh@ Ll %o%@ﬁt@r’fac%@d%ﬂ&s

not have any holes therethrough as do the pernmeate tubes 18 describe
above. 15The%6 isshows te-baflapoer thapntiss ounfiace, it willTbe gaeéddted thapthispaerchubrendr f ace

tube 98 further does not. have any.l eaves 14 connected theretp. The. .
permeate. | MELEP g1ed HesBeipde ¥ @ ey fite B iR Ching BBk Bh coffeiting cap
in any ”Bngleferﬁb‘d thatabe et hupéaMRrta6d 38 ONAe adjabéht @ ciiEINBRhE sépahftioh8 W th
the inner hub 36. In _one preferred enbodi nent, as shown in Fldg)ure 1, the

permeat e i fEBeERPDbe Baty dyethoy while ao shewn indFigyred, Seisealis perfectadbetweps  manner
1§t e R g e 40 e SR Il g
wel di nZp pr ssabeh belfeefected detweeh obe df therehd sarfadds 84, 36 6f the paimeatd tabe 18 Aad
the end surface 100 of the permeate interface tube 98. This is accomplished by providing a
groove on one of the end surfaces 84, 86 of the permeate tube 18 or on the end surface 100
of the permeate interface tube 98. The seal is then perfected in the manner as set forth
above for providing a seal directly between the end surfaces 84, 86 of permeate tubes 18 of
25  adjacent separation elements 12.
A permeate connector is generally indicated at 102, The permeate connector
102 extends through the permeate opening or port 32 in the end plate 26. The permeate
connector 102 includes a first tubular section 104. The first tubular section 104 has an inner
diameter that closely matches the outer diameter of the permeate interface tube 98. The
30 inner surface of the first tubular section 104 includes an annular groove 106 for receiving an
O-ring 108. The O-ring 108 provides a fluid tight seal between the inner surface of the first

tubular section 104 and the outer surface of the permeate interface tube 98. In this manner,
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-inner hub end surface 38 engages an O-ring 94 contai ned inza% Opgs 92 on
an i nner % end surface 38 of an adjacent end cap 34. The d c s 34 are
then | ock®P P14 nanner set 10 forth above. In this manReFU 2. ring
94 between the end cap 34 of the |ast separation elenent 12 and the end
cap 34 of faed or metentdtaFmidisgueventedsrdne buterimg theipetmeaternter e tube IBht shis

provi des ac{ UId tight relationship between the perneate tube 18 of the

| ast separa SR1%) epent 12 and t he perneate interface tube 98. Wiile the

i nner hub end surf acthéBerditeatd WnhédorCHR iﬁﬂh&fmélﬁ&‘es'arﬁe@él{@tﬁﬁulﬁfi%h@ﬁ 11¢:> 96
Is shown tg be flat over the entire surface, it will be appreciated that
ﬁlﬂfﬁnﬂchas fiecei vi ng

this inner Th@lﬁ"@ﬂ@ltubé‘lﬂfﬁ%@nﬂdﬂ) igintegral with the fizst qubdarseetinar
the O @“&xlfh GRSk t b f
38eof [ ﬁitglg nt enld captegiﬁanftﬁ? ﬁgﬁggbgg#gglt%ﬁafoé] r‘e\mala{i”i‘i% g%’ef){ezg.ﬁru{ aee
Fur t her, \Mhﬁ)4 mdascﬁsrgbm 11ubu15¥ gmtlensé T}tefseccgﬁh‘hbumr sbetéémtlmébggﬁis\ﬂ?@ﬁgh the
t ub. end .surface of, adj acent end caps it owl

apotcci at oBOTHER ofFEngg2ad e @l pine dpe MEsand b éwt:@ﬁé 1B i lmesa
surfaces 8eaded 8p 10Rer aﬁéﬁ) e]aﬁ1 qqs E&B.g% Q(fe‘apipeo

v I'ng groo e on

perneate interface tube 98. This Is acc
one of thethsmdrm&at‘f@mgﬁﬂ&@remr@%ssdlé%errreate tube 18 or on the end

surfacg, 100 of the ate rface tube, 98. The se i s, then t ed
in thefbrranner as setRPc?P 3%8%/ eﬁ@e%y%tmnwageégqer F‘?E’@Ppg t he
end surf acesd@botB&néd oP@BE MRAUR 10U bRt ktHeffirstnd ! Qﬁ%ﬁtthéﬁl@@éléhbmz

el ements 12. A perneate connector is general |y indicated at 102
permeat e cHildes » permegte interfapeiaibe A8 exighding thepefromzand tb@bﬁﬁmglqap 3ﬁ@ntth632 in

the end pl 2.inclu

coct | on honstelffent NSRS ARbEn S RRIECT Hoie o pBMGiERiRrgh B OB ERtendine
cl osel y nathetefiont. Whalsmy ofé mvailen 03§ td truses, rtnegérﬁldafetlﬁfefﬁeembu Bethe $irst The
30 inner surface_of the first tubul ar section 104 includes an annul ar

gr oovel 31 06ehdy pot showny isinsergd intp amﬁgne.a@%comxn@sodoz that is Gigted mathi ateeaded plugi d

tight seal ]55%‘“& L[S I section 104 and
t he outer sﬁ%%\%:tﬂ%g) eémg{ n@gé{s{ae&? églrdfll;égsgs “@&Jéé’“rgﬁ aIrItHsanf?ﬁﬁﬁB?]t 15 2e
FEB 2006 Mv@&hefebdzaﬁd P&&'mhis@aﬂamnﬂmgnafb ledves @t emttRtdiretlion of the aRbRY ant ed
fromenter erneate jnterface tube 98 at this_ connection. The

perneate c CREFMEYP LIQRS BE‘ElH’@§eHn§3é‘EBW8 18 in thecdirestion ptthe atrow lnThe
second tu Besd gdl,g, |

and has abplbragel atlfvtge;fe snal X rgtreh%li t er t tgﬁ&% tmf‘ @E}tﬂeﬁ?ubhﬁe{:?ﬁ‘g%ytaﬁon 04.
A wal 12011 2impynities concenteatés inghe stidun. shdisserabativelyldntertratedt retontate exis.thehe

second tmeguleiSCHhe en %8p§s)1(tte 0 tfxet]vrlggt%e feergiopemngz&

In certain embodiments or processes, it may be desirable to carry out further
separation on the retentate. In such a case, the retentate exiting the modulel10 can be
directed to the feed tube 30 of an adjacent module 10. In such a case, it may also be

25  desirable to connect the permeate tubes of the first and second modules. To accomplish
this, the end plates 26 of the first module both include retentate openings. Each end of the
outermost separation element 12 will contain a permeate interféce tube 98 connected with a
permeate connector 102. One of the permeate connectors 102 of the first module 10 will be
connected with the permeate connector of the next adjacent module 10 by a suitable pipe

30 connected to the threaded opening. If two modules 10 are to be used, the endmost
connector 102 may be plugged as described above. In this case, permeate will flow out of

the connected modules only from one end.
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-perneate opening 32 in the end plate 26. The second tubular 110
further includes a threaded opening 114. The threaded ope 14°1s for
recei vi ngP 0¥H&d4ded pipe to carry the perneate out of thBC 8@?@@?@ vesse
24. 10 An end cap 34 of the type having the perneate |nterface tube 98 is

preferably used at Doténsteisa sihgle Modaldld, @ piédsuréRaisel 8.prévided. i A Fikstend cap

34 on the first elenment 12 _includes a perneate interface tube 98 extending
t her ef r om SeRA@tipmelement 17eﬁd>b€5dﬁlﬁd3431t¢rﬁnﬂr€ép 3f gt theeﬁréh%n@ratlm element 128 shown

in Figure

When only %o%@&n%%fl}ﬁagm JTF%}%M[}}‘S%J ﬁ{rﬁ‘eg%gﬁtrerea egt’ﬁ?)% 8 aE{lﬁ‘gbe ;m%rhe

$ irst d15 esirdl,mtuxihe gp&émm 25 of thnwsslaﬂ wssebzamﬁﬂnhneﬁﬂstiiefm‘m_?entem&ﬂgz tshgt s
itte ade e at the openin , e second end is

as sho yeS“PPO‘%‘ffg‘tB Frsfisel le g%“"f‘ﬁgeﬁaéaéﬂ’nﬁ%ﬂ?"éfseﬁg?%t eto

flow thr ousbbmteb@o {Héeﬂi'@tsseﬁérahéh tlemefl 12264 umoaitmg iR Rt Sep hﬁnof bliiicht jo The

perneate flows throu e perrreatetube he dlrectlon of the arrow
in  Fi gur erelativago thedirstseparatien element: 12 é’rpf&@blsf, githéreaudible m@ysnchlefeqdhmkes 10,

t he conce uri ANCe, tra Th

rel ativel yIS 82‘98‘2%{&'%{%% tb%?éﬁ?‘iiv c?p§ {2’ et?’@" thlf ﬁ@%ﬁf&%’pposi te
to that haydrfegtstaheallebflecinijiceft pttmeatd nﬂﬁgusl mrﬁ?@éé\sm%ﬁeawd untipgRIeRs, it
may be desirable to carry out further separation on the retentate. In such

a casel0 t hieparatiom elgmenihdstbiepy plaped indheppenine 2%e0f the pregsure vessel 24 Theo, freed

b !
dosi rabl o 10 a0 MhBEE UporlBOborhed inbllpHelyBs BEMerleb B Lerldnn S4itces.
acconpl i Shlasttsbpai'atldd‘&elﬁaﬁt 1. althes:na@laté 26 hevihg thetperfaetié Cotrtior 1 0F Higpésed in
retentate gpeni ngs @1 d of out er nost separ ation element 12 wil |
contain a tggi’ﬁ@éﬁa&ﬁ RAst ?Ség@‘ %tEPSEe‘b@ the BiseRre Yessrlide i the,we EICBHHEEL or
102. One ofnd fig HBLIP &R0 1008 I errifif lnubliSs 107 ! 1@9&1 fobditBlohler D€ o a

connected Wt e perneate conne e next- a ent nodu
sui t ablSe psupﬁc@ﬁf the pmma&imtenfach mbbt%eaadelcb Oping 103 prbﬁdbsmseabﬂatbvesn th@sear e

L Chi s caauteeRtio A e et ond i yesed e Prgrinb b Bl wbis Geadsi oyt s
one end. J—fbte%&tg ﬁﬁe%@&ﬁme&% R tHe berek éte C?SIAng%./ At HseEonE ASL! %s@elsﬁng! e

nodul e 10, a pressure vessel is provi Irst separation el enment

obt ai ned. mipel khis threpdeitodhe oﬁmﬁg Fskandefaeditube 30 &4 emnantted B the feedmperinged
to anot her,gnd cap 34 having a perneate interface tube 98. This assenbly is
then slid %ito t he opening 25 of the pressure vessel 24 until the first
separ gig on el enent IWiththe Gorfiethiorth@RbdnyadjateROslEMents 12 bhE witheRSsleReNesSel

24. A second separatiaon elenent is then
interface adapter 96 made in this manner, a more reliable seal can be provided at the

permeate tube connections. The number of seals needed to make the connection is also
reduced. Further, the axial compression of the seals by the locking structure 52 provides a
more reliable sealing arrangement. Finally, axial compression of the seal is enhanced by the

25  naturally-occurring force arising from flow-induced pressure drop with in the retentate
channel sheet 16.

The disclosed embodiments are representative of presently preferred forms
of the invention, but are intended to be illustrative rather than definitive thereof. Obviously,
many modifications and variations of the present invention are possible in light of the above

30 teachings. Itis, therefore, to be understood that within the scope of the appended claims,

the invention may be practiced otherwise than specifically described.
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.secured to the first separation elenent 12, by the rotating the second

separation elenent 12 relative to the first separation el enent 1%. o
Preferably, either audible or physical feedback is providedin?Q'gpéQ@E
the respective end caps 34 are | ocked together. This |locking also perfects
a seal between adjacent perneate tubes 18. This process is repeated until
the last 10 separation el enent has been placed in the opening 25 of the
pressure vessel 24. Then, an end capcpgﬁhﬁg anot her perneate interference
tube 98 is secured on the end cap 34 of the |ast separation elenent 12.
The end plate 26 having the perneate connector 102 disposed in the
perneate port 32 is then attached t.o the pressure vessel 24 in the well -
known mannekr . T%éq¥¥¥§¥“§@BﬂF§Pm£B§Pgbn 104 of the permeate connector 102

is disposed ahouindBR Qpkalior BoddndiRi a hBRALRAE WBAIRg aPefhéAL EhdnBle 98

and the Oring 108 provides a seal between these conmponents. At the first
end of the vessdh fluiheorapsnication with adirstisideed seidtshpasationckadedoneallgetingl  a

retentate tube is connected to the retentate opening 28. At the second end
of the vessel, aoe“BF%& 116 is threaded to the opening 114 and a feed tube

30 is connect ggetnfeatdibé erending AioAg ad 8xis befvdéhifitstlahd sewndeals anl ibdluieen
adj acent elenents 12 and with the elenent interface adapter 96 made in this
nmanner, a nore remmpteatioaavithspid pamsas\chaanelat the perneate tube

S ouecy ORor AleRIRAR R of B3AISEASH S (MG RpaRIBRROIOD | o 81 SO

reduced. Furt npression o sea ocki ng
struct ure 52 firvhdeonad endtapsrdidposda respretvdly gbaut said gersrennt] saidisaedndyendaxi al

conpression of the seal is enhanced by the 25 tural ] y-occurring faorce
arising from fl d?ﬁ-sﬁﬂd?.?é‘@aatﬁf‘g@saﬂﬁz‘am‘éﬁal 'Wﬁn?ag?etq’f’élyrté‘%/ré FLYEn %‘ﬁia?ﬂﬁiel
sheet 16. The di ; i %lf@cpti

preferred forns Lsdg% 9}%&%11%1%3%%{ ﬁg%‘rﬁ%ﬁ{&géf&ﬁ ﬁt endeg r%lga%glyﬁr@ggﬁg%{i ve

rat her than def icurtespamdirigendafap o€bw adjacdngly positiogedwsgaraticmelemest; and

i ati f th t ] t ible in Jight of the ahove 30
{cachi nos. 1t aoeH sSiaearopeSE g EParardtinant Al LRI itemeEsR8 or 1 ne

appendeg cl ai M5, geafiliemeMBENbdtRBerYd Q81 Rirfaet hi®Al sead SiteAcd0F an hi@bently
specifically described. -17 2 8 FEB 2006 CLAIMS 1. A separation el enent

conprising: a pepassiibed sepapaioatelementouyerein spidissal syrfacagomirisaraniaiiuiirng a

per neat e channel in fluid co njcation wth fir i i

separati on body sregﬁn%%qrfa(ggts?%éedr%gé}lk@gtogfer ﬁlr%uérrlfﬁgegtcéOfﬁﬁiegﬁ?ag%\%@%’g&gl ong

an axi s between gipbsitioRedinsgsdiechegpundicand td the foetthéhte tube, wherein said annular
sealing surface includes an annular sealing member, to prevent fluid flow

20 between said retentate channel and said permeate channel.

2. A separation element as set forth in Claim 1 wherein said annular sealing surface

includes an annular groove therein for receiving and retaining a sealing member.

25 3. A separation element as set forth in Claim 2 comprising an O-ring seal for

placement in said annular groove.

4, A separation element comprising:
a permeable separation body defining a permeate channel in fluid communication
30 with a first side of said separation body for collecting permeate;
a permeate tube extending along an axis between first and second ends and in fluid

communication with said permeate channel;
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comuni cation with said perneate channel; a retentate channel on a second
side of said perneable separation body; 10 first and second end caps

di sposed respectively about said first and said second ends onQszEEBm
perneate tube and having said perneabl e body there between, said end caps
including a | ocking structure thereon adapted to rel easably engage with
correspondi ng end cap of an adjacently positioned separation elenent; a

seal surface qoRRRG{adahitlbie s@@ddﬁ%@de%ﬁsﬂﬂepenﬁ%l@ t&dntbaagpxi al 'y
conpress a 15 sealing nenber between said seal surface and a seal surface

of an adj acentalsyal sprfa¢et ¢0®ne¢te¢evae aeimsatectbeyand adam@t t@uaxwélaloanms asurf ace

conpri ses an annul e surf ace red ter CII’ nf er ence
o e por s teafihe et PdwRHLIA Sl §FHLE Andp SiAL oo Bt aeReB Che
perneat e tube, WhRitRined Sépachatidareldridnt, WikabinREidSullsaefcd mﬁmﬁ%a@mmul ar
seal ing nenber, to prevent fluid flow 20 between said retentate channel and

sai d perreat e chigalieg surface Acayisgdhabout e outes pispimigtense of themermeate tbai and1
wh d |
erein said annyl 3560 Mgpe{érgér eﬁaﬁeﬁgl n@%&éﬁﬁ%ﬁﬂ@é‘%‘% %&E@ggg aé)FlﬁlaF' n

for receiving and Fretal nin Separ a enent as
set forth in C asealiig eofioe um’luugs an afhularmgalieperhber, tqoﬁmomré]mid flowsai d
annul ar groove. 4 A separati on eI err]ifant conpri si ng neabl e separation

er
body defi ning a BRI teteatate phange Wlsa‘dd%?ﬁ%%?&mﬁ 30 with a first
side of said %B%ﬁéké&'ﬁd%ﬁ&i WeﬁsQfl &Qéd 1%§;§ H%l?%ﬁ&ﬁ%ﬁ@ firSt %rsgﬁastegorgiuéﬁﬁs

extendi ng al ong an axis |rs setond s and in flu
communi ¥ati on wi d:fhsasimaﬂmpac mmmtwddiamg eshn;d peﬂxﬁe@leBbd?]iBh%%tmeneﬂa@ﬂai e

channel on a second.s of . s r meabl e se a i on a seal  surface
connected to the aﬁé?%‘ﬁﬁ gmg O ré’ﬂ“ﬁl tgrr:k;a,qggﬁbqn@gge Withgeal i ng
nmenber bet ween S@irﬁsﬁ(ﬂﬂhnééﬂdfcﬁﬁ%fﬁﬂ@ didcdflg 5o§1%ﬁ@ep@p91fauaﬂe@meﬂf:@ﬂalsyal
posi tioned separatl on el enent, wherein sai seal surface conprises an

annul ar 5 seali n‘glf@m ﬁ%’@c@éé}mm@ie@b@ﬂﬂtoﬂ)we@w&ﬂv@mqygmﬁetr rseidl logkinge

per neat e tube, [g‘ i.n a plane perpendicular to the perneate
tube, wherein sal uﬁ%u (Pgalé 32?&%% “surface includes an annul ar seal i ng

menber,14 0 prevent fluid flow bet ween said retentate channel and said
perrreate channel ; first and second end ca[)s di sposed rlﬁg& ctively about

said first and sAisepaaivrrlenerigs setdoph insglaim Jorpaseingach plesaithirshand siefl sai d
permeabl e body,{ Qﬁrc%p? ElHGRBne SR kthe PR having an inner hub end surface, and an outer

hub defining an outer hub end surface, said locking structure disposed on said outer hub
end surface.

20
6. A separation element as set forth in Claim 5 wherein said end caps include a

plurality of ribs extending between said inner hub and said outer hub.

7. A separation element as set forth in Claim 6 wherein said locking structure

25 comprises a plurality of projections and receptacles disposed about said outer hub, said
projections of said outer hub adapted to releasably engage with corresponding
receptacles of an outer hub of an adjacently positioned separation element in order to
connect said separation element with adjacent separation element and to axially
compress a sealing member there between.

30
8. A separation element as set forth in Claim 7 further including an axially oriented

protrusion on at least one said locking structure and said ribs for engaging a recess on
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caps including a |locking structure thereon adapted to rel easably engage
with corresponding end cap of an adjacently positioned separat%%n agﬁaﬁnt,
said seal surface connected to said end cap to prevent relativé® t
of said locking structure and said seal surface. 15 5. A separation

el ement as set forth in Claim4 wherein each of said first and said second
end caps each define an inner hub having an inner hub end surface, and an

outer hub ggf éﬂhmoaﬂn%g%&ftm@md §£1§ riby bf %Ecgac%%i gehmgﬁwo.rbgoﬁa§ %%aen & to

di sposed on said outer end surface. separation e as set
forth in C adive® thitenid Inclgng strentaredagsutedc] ude a plurality of ribs

ext endi ng between said i nner hub and said outer hub. 7. A separation

el enent as set forth in Claim6 wherein said | ocking structure 25 conpri ses

a pluralitygof pA%E?ﬁ-htii(_ﬁﬂéieﬁeﬁi A Q6CMiAH ehidiSPRSER sl cﬁﬁicgmBHEiﬁ% aftub,
said projections of said outer hub adapted to rel easably engage wth

cor r espondi #ger ubcupwhieh said seal surfegetresidesandshiddnnerdjubdesmin yefdsdito saded
separation i I . ation. el enment with
adjpacent se%éé‘fr% g?ﬂla té%ﬂegf)gﬁnéﬁb t gﬁlg @%gﬁﬁg?f%lgb@%%s%ndasa% e%ﬁrﬁnﬁéert}igﬁber t here

between. 30 8. A separation elenment as set forth in Caim?7 further
including ap,axially oriented protrusion on at |east, one said | ocking
P igrih

structure and sai*dePIHLON GFMERPS§P in Glayad ¢ wheyeingapdmsrmegtde one of
sai d | ocki ngnshafibt bodyecshisedh dpird Reoudll nidigdliacent el ement to provide

irdl .

feedback to "1 ndicate that sai gpl?oc Ing structure is secured. 9. A
separati®n el enment as set forth in daim2 wherein said end cap conpri sing
an 5 inner _hub ¢on g%i ch.said sealnt%urface resides and said inner hub is

spin wel ded'to AP §NPEIROLASCRAHION PFA FOMPTIFNG d 1 ow bet ween said i nner

hub and sai d pRixRAhEd Hedne aR innfr REPHE Uk @Re:€l enent as set forth in Aaim
1 or 4 wherein said perneable separation body conprises a spiral wound

menbrane. 10 21 ouishhehdefinipg ppputar Bependurfaee;el enent conprising:  an inner
hub def i ni ng %rbldrglrﬁ?'rofﬁ%g e?@gdiﬁg%f%&e%ﬁ &l iﬁ)nlétreelrrld Qalilg) Olclit%; lrxtr;‘tl)s?g an outer hub

end surface;
15 a groove on said inner hub end surface adapted to receive and retain an axial sealing

member therein;
a locking structure disposed on said outer hub surface, said locking structure including a
plurality of projections and receptacles disposed about said outer hub, said projections
of said outer hub adapted to releasably engage corresponding receptacles of an outer
20  hub of an adjacent separation element to thereby connect said separation element with
adjacent separation element and to axially compress said axial sealing member there

between adjacent inner hub end surfaces.

12. Anend cap as set forth in Claim 11 further including a permeate interface tube

25  extending therefrom secured in a fluid tight manner to said inner hub.

13.  Anend cap as set forth in Claim 11 further including a compliant member on
one of said locking structure or said ribs and a protrusion connected to said compliant
member, said protrusion adapted to engage a corresponding notch on an adjacent

30  separation element to provide feedback that said locking structure is secure.
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a plurality of ribs extending between said inner and said outer hubs; 15 a
groove on said inner hub end surface adapted to receive and retain an axi al
sealing nenber therein; a |ocking structure disposed on said Q@@ EEB 2006
surface, said |locking structure including a plurality of projections and
receptacl es di sposed about said outer hub, said projections of said outer
hub adapted to rel easably engage correspondi ng receptacles of an outer 20
hub of an adj acegtepaevhaldridht @b SaT6th Irmlhhﬁfl&mér&f?@ﬂ%fg%nﬁﬁi &f sariaElahg on
element with adjacent separation elenent _and to axially conpress said

axi al seal istycienyith comespendips engeap efdnadiasent glgraent mmyl%qmomprtfsawe@rcqz. An
end cap as sel. N i i I ] ace
tube 25 exot%estrﬁlﬁilf %éﬁ{%@?g%xﬁfﬁmsrée\ge&; gﬁﬁpﬁ{%b‘?ﬂﬁ?‘géﬁ‘?ﬁﬁ?“qﬁé%@%{ %ﬂi%lmzj i nner
hub. 13. Arpeenéatealmnasl.set forth in Caim 11l further including a conpliant
menber on one of said |ocking structure or said ribs and a protrusion
connected to said conpliant nenber, said protrusion adapted to engage a

cor r espondi g n%@&ﬁ%@%é}ﬂé@%@@& f3%h ﬁle@ﬁfrﬁtnios)mléfeﬁﬁmhe; &cﬁfd%éii R

feedback that said 'locking structure 1s secure. -20 2 6 FEB 200

separ at i on @iphient mesberattathad:th ai leaioae of daidkiest endhseengd gadreapss, ofirssai d

| ocking structure with.corresponding end cap of an j acent el enent

o ovi des coTPTENE o seig FEE end ARG A0 Seshi R haRDeR it P EVLIE EPUES! ow
bet ween saigheloft40 RétAnE BedVAE lprRfichdiiFattaRRETRALR ORBMAR! meRbdiSso that
separation el ement as set forth in CQaiml1l or Claim4 further including a
conpl i dift rdsiftoetionanfithe pryapliant menbenduringlecking showis $aid Srst ararusisnda gassnd
caps, a first rot.rusion.on said first.end cap, .and.a secand protrusion on
sard" second e PeRE S 3R RRleR ddroidfaeh i8Pens 308 BABRE S Pbid s T
attached t dngieatd tis@ 8@l leokingd R fre £Gebdtad. 10 deflection of the conpliant

menber during locking allows said first protrusion to pass by an opposing
second protrusion on an adjacent el enent and feedback is provided to

indicate that saj i (PYI I, L . i nt
as set fort%'in%%gakﬁggh&%%ﬁéﬁEgégﬁﬁn%E%?Egﬁﬁsgggégg?ﬁﬁégggﬁggf%%gﬁé osed
condui tl5hawnoigséhcandoi hading artimter diuktertequainto gr grehter thahale inher dismeter of

di aneter of ,said perneate tube.
said permez?te turB%.
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