STACKED PLATES FILTRATION CARTRIDGE RELATED APPLICATIONS This application claims
the benefit of priority of U.S. Provisional 5Patent Application No.: 60/997,492, filed on October 3, 2007,
the entire contents of which are incorporated by reference herein. FIELD OF THE INVENTION This
invention relates to a filtration cartridge free of a separate exterior 10 housing. More patrticularly, this

invention relates to such a filtraibACKRRdYe A lal RAJIWPerhBARI B&hway to a single permeate
outlet from the filtration cartridge. BACKGROUND OF THE INVENTION 15Membrane filters of various
polymeric materials are known and are generally thin porous structures having porosities between about
50-80% by volume. They are relatively f%ﬁh@‘g g ﬁrPeJP &W&ﬂwqjsed with various types of mechanical
support or reinforcement. Fhisvaatesiibliquadashheubinstichimeiobnargsypsr ervsiama are a function of

pore size. To o?tairbgtig%h fpwl%gt{%eﬁ éhr%ﬁ%a.jigg S mlet(r]: f(i)ne(pcqrﬁgr fgr mg Qﬁ{,‘?w about one
micron, relatively large |IlterJO reas are needed. SUch areas have therefore been provwfed by using large
individual filters or Ppnietoh Wisibae ofcormarkied iurivetrRiendttegteiim parallel. For use in critical
pharmaceutical applications such as sterilization, such membranes and their supporting apparatus must
be 25free of leaks or defects capable of passing small particles or organisms. Numbers of small filters
have theretofore been hand-assembled %’rzlp'géﬁe-m&mm\gd%brting plates and associated apparatus,

then tested, and, if necessaiy isterilizedklafen atfihatigecssitgatreoosideiable eagfriand inconvenience.

The operationgmust be fengated It e and Asembinfallsihe 20 necesean ests, Jhe mechanical parts
of larger more compﬁ-:'x fifration gys{ems Xre genera |y cledaned and ré-used with on ygfhe filters being
replaced. One assefaiygharetegisredpirosdte dath wrpdsableindiestiermestalsottateiometiitanically secured

with relatively few r@mym%a{?ﬁlréﬁe_

BACKGROUND OF THE INVENTION

15 Membrane filters of various polymeric materials are known and are
generally thin porous structures having porosities between about 50-80% by
volume. They are relatively fragile and are commonly used with various types
of mechanical support or reinforcement. Flow rates of liquids through such
membranes per unit of area are a function of pore size. To obtain high flow
20 rates through filters with fine pores, for example below about one micron,
relatively large filter areas are needed. Such areas have therefore been
provided by using large individual filters or by using a number of smaller
individual filters in parallel. For use in critical pharmaceutical applications
such as sterilization, such membranes and their supporting apparatus must be

25  free of leaks or defects capable of passing small particles or organisms.
Numbers of small filters have theretofore been hand-assembled for
parallel flow with supporting plates and associated apparatus, then tested, and,
if necessary, sterilized, often at the user's site at considerable cost and
inconvenience. The operations must be repeated if the hand assembly fails the
30 necessary tests. The mechanical parts of larger more complex filtration
systems are generally cleaned and re-used with only the filters being replaced.
One assembly heretofore provided in disposable plastic has also been

mechanically secured with relatively few moveable parts.



Individual membrane filters of large area have been supported flat or cylindrically, or have been pleated
for disposition in compact housings. Holders for flat membranes are large, for a given filter area, are
usually not disposable, and also require disassembly, cleaning, reassembly and testing 5 with each
change of filter. Pleating of fragile membranes creates stress concentrations at the folds, permits flexing
of the fragile membranes indigiduploneraNanediliess ahtbreatien ot Resresypoited ilBiorrboth of the

upstream and downsiiagieatiged@ndiedieSHRAENFRNd{Gi3R0RSIMe SRR HARRRSS and overlapping
seams. Because of concerns for possible failures at the folds, 10 seams, or ends, a separate flat final

filter is sometimes J&¥de &yl empianaeare dreeglos Rof e s AR Y hiaal applications, for
example, in sterilizidgghasmaael tidslsandéntisasanbly flaldmihg, addiienbenseesfiry number of different
materials in pleated mﬁﬂ]rtg?&e &%”%g“&{i?ﬁ ipcqﬁg§?n5 trg? ?%%Féesmg%t%ﬁ%%%??l?e% igﬁ%stshe filtrate. 15At the
present time, filtration cartridges tormed o}eréctangu ar membrane support p 5es are provided with a
plurality of permeateopegdtatiansigtahefiglésneptiitufasss i éhsifiesile reguipreanes pluvagity of connection

devices and conduik,{Qdikf PuRAHISRETERGRIPH bhvIcREIEoh dmlhBGR sisrazrEadigation cartridge

formed from a 20plurality of stacked filtration modules and having a separate exterior housing. The
cartridge is undesirdBY¥TSi5ER" PSS Bt HSI AURNGRIAY e st sen) LierfplE A%s.  U.S. Patent
application Serial Nowalipsiy %Rams( Bddade pfikascer@Todisoteints aililiikatiantsartoldge having a feed
inlet and a permeate outlet 25(%ositioned a%%tc;‘ﬁn&[atl”?ortion of %he cartgrié:ﬁe. This call{tridge requires a

fluid deflection plateset%méirgcr:tel%wr%i%eé) ?f&%(ej eed from aercelzsntsroarp%'orﬂ%nuso e ?:%{}?ﬁd’éehto a peripheral

portion of the cartrim.teﬂr@ﬁiﬁ@lwdw @ﬂ_éed@ﬁ@qﬁw [b_ﬁta@éﬁﬁhﬁﬂ_@@ﬂébléd@fo@(ﬁf@d@sha nonworking
element to the cartridg My thRRrRseMidimeaN IteoyUEHLIIZRSAdRRANMIRaSEoh 30 determining the

presence of defects in membranes in a filtration cartriéjdge. The test provides greater accuracy when the
binary gas is flowed'WasafGaHiriPHomAtiakidn RieRied FatiidasRer iR aTsToEfiltration mode
(NFF) (dead endeddiltirasiof). ekbrigiaiRgiiyotestfikdeascribed in U.S. Patent application Serial Number

11/545,738, fikf.? October 2‘9 t%g%rgggi?htis (ianc:ﬂmotﬁa;[]edcan rrgirésbxf orrefeglergfe.Ir eAcfa%o{ﬁirr]gly’ when it is
desired to effect NFF filtration Within & Hiltration car rlage Ahd182rec the iNtegrity sfl, the filtration

cartridge must be cajeatslest beaipetopletestedeipiogtded FAtArd NIFHimadgmermeate outlets.
This arrangement is undesirable since it requires a plurality of connection

devices and conduits to recover the permeate.
U.S. Patent 4,501,663 discloses a filtration cartridge formed from a
20  plurality of stacked filtration modules and having a separate exterior housing.
The cartridge is undesirable since it has a large hold up volume which results
in sample loss.
U.S. Patent application Serial Number 60/925,774, filed April 23, 2007
discloses a filtration cartridge having a feed inlet and a permeate outlet
25  positioned at a central portion of the cartridge. This cartridge requires a fluid
deflection plate to direct incoming fluid feed from a central portion of the
cartridge to a peripheral portion of the cartridge. The inclusion of a deflection
plate is undesirable since it adds a nonworking element to the cartridge.
At the present time an integrity test utilizes a binary gas for
30 determining the presence of defects in membranes in a filtration cartridge.
The test provides greater accuracy when the binary gas is flowed in a
tangential flow filtration mode (TFF) rather than a normal flow filtration mode
(NFF) (dead ended filtration). This integrity test is described in U.S. Patent
application Serial Number 11/545,738, filed October 10, 2006 which is
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5Accordingly, it would be desirable to provide a filtration cartridge having a single feed inlet and a single
permeate outlet for reasons of simplicity. In addition, it would be desirable to provide such a cartridge
which can be operated in both TFF and NFF modes. Furthermore, it would be desirable to provide a
filtration cartridge with a minimum of nonworking 10elements to reduce cost. SUMMARY OF THE
INVENTION  Toiprerderatedsilieeaio e daftirismhadeag airghg lwheedtintetesigdateigifeciermeate outlet for

reasons of simplicityFForprayise\adah & ARFdae st JacanhrenssatrshinPadp TieF and NFF modes.
In addition, to provide a filtration cartridge with a minimum of nonworking elements to reduce cost.

The present inventiSBYGUi GEL 997 auD Pe LAPRRYE 95 RH88 AR WP AL FEIRYLNffration units which

are stacked and bonmeesto each other to assure fluid flow from an inlet to the filtration cartridge, through

at least one 20_.membrane and thr n outlet from the filtration cartridge. Th ridge is capable of
being operatedsln both T a%%}ﬂﬁﬁgﬁo _ 8%(,?.&]1%% (#ch'r'g E)(I)% {r%cpgévfg %%eiﬁé%ﬁ%‘d ?%rgrr% 31 flow filtration
(NFF). Each filtratiorvinit confisrilesfead mlembrdne siuplsopeprerie setridfesgetsensactheir outer

peripheries to form grﬁgﬁghﬁﬁﬁIg@qifp(ghy@%@g@m@@g@g%@qmggoglgt@anﬁgg@ fistsurface and a 25

second surface. A filtration'membrane, such as a S|%e membrane or a plurality of membranes is bonded
to each of the first &30 S6cOMde&HAELOBr EBER Rt A BramespurtsrRareT e iR cartridge is

provided with end cagirabléluid prdeide peimedde oathetigndizhsecandnuitiestthahiunkilans as a vent. The
end caps seal 1th ce}rtrid%gt%r}g direct flow from the feed inlet, 30 through the membranes and out the

outlet. Permeaté flurd ows(ii ?Sﬁaﬂ'a single fluid pathway within the filtration cartridge so that, the

filtration cartridge can be provided with a single outlet for permeate. EFFECTS OF THE INVENTION
SUMMARY OF THE INVENTION

To provide a filtration cartridge having a single feed inlet and a single
permeate outlet for reasons of simplicity. To provide such a cartridge which
15 can be operated in both TFF and NFF modes. In addition, to provide a
filtration cartridge with a minimum of nonworking elements to reduce cost.
The present invention provides a filtration cartridge formed from one
or a plurality of filtration units which are stacked and bonded to each other to
assure fluid flow from an inlet to the filtration cartridge, through at least one
20 membrane and through an outlet from the filtration cartridge. The cartridge is
capable of being operated in both TFF and NFF modes. The filtration mode is
dead ended, normal flow filtration (NFF). Each filtration unit comprises two
membrane support plates sealed together at their outer peripheries to form a
stack of filtration units. Each membrane support plate has a first surface and a
25 second surface. A filtration membrane, such as a single membrane or a
plurality of membranes is bonded to each of the first and second surfaces of
each membrane support plate. The filtration cartridge is provided with end
caps, a fluid inlet, a permeate outlet and a second outlet that functions as a
vent. The end caps seal the cartridge and direct flow from the feed inlet,
30 through the membranes and out the outlet.
Permeate fluid flows through a single fluid pathway within the
filtration cartridge so that, the filtration cartridge can be provided with a single

outlet for permeate.



A filtration cartridge having a single feed inlet and a single permeate outlet for reasons of simplicity can be
provided. A cartridge which can be 5 operated in both TFF and NFF modes can be provided. In addition,
a filtration cartridge with a minimum of nonworking elements to reduce cost can be provided. BRIEF
DESCRIPTION OF THE DRAWINGS 10Figure 1 is a perspective view of the filtration cartridge of this

invention. Figure 2 is an exploded top view of a first surface of a membrane support plate of this
invention. Figure 3 is an explodegHhetiar yiewd (R BMeBraNe support plate of 15 Figure 2
shown after being pivoted about holes 50. Figure 4 is a_cross sectional view of a filtration cartridge of

this invention having one fitf4HBHONRLIAER B‘PBH@ Freng!a BeeiiRkapd a sipgls PErEIgats cross-sectional
view of a filtration canttuﬂqerafeﬁsmmmemmlhqmm teoditividion Andtsttadgenvalisngclinebd-4 of Figure 2. 20

DESCRlPTlONSOF EI’E[%: Eh’\/é%(()a IXIEH;I}SHOCIES ca%fﬁmngvﬁ%elai.qwa |’t|%ns%]_f?t?§ &ned filtration

cartridge 20 havmg or exam square meters er area, Is shown. The cartridge 20 comprises
an upper end cap zwrﬁlctmefw&h@ as@iplrzwrramﬂ aoplueakityoof fimemi® o2 BdutiesCR6l Lawes end cap 24 is
provided with an inlglXRfqr feed, an outlet 30 for permeate. Upper end cap 22 is provided with vent 27 to
vent gas. Preferably the end caps 22 and 24 and the filtration units 26 are of the same plastic material
and are selectively welded together such as with heat or solvent at their outer peripheries. The inlet 28,
outlet 30 and vent 27 are 30resp8RiEHDESaRED fONCORMRME@RIQEINEBIUIt of tubing or the like.

10 Figure 1 is a perspective view of the filtration cartridge of this
invention.
Figure 2 is an exploded top view of a first surface of a membrane
support plate of this invention.
Figure 3 is an exploded bottom view of the membrane support plate of
15  Figure 2 shown after being pivoted about holes 50.
Figure 4 is a cross sectional view of a filtration cartridge of this
invention having one filtration unit taken along line 4-4 of Figure 2.
Figure 5 is a cross-sectional view of a filtration cartridge of this
invention having two filtration units taken along line 4-4 of Figure 2.
20
DESCRIPTION OF SPECIFIC EMBODIMENTS
Referring to Figure 1, a self contained filtration cartridge 20 having,
for example, 0.015 square meters of filter area, is shown. The cartridge 20
comprises an upper end cap 22, a lower end cap 24, and a plurality of filtration
25 units 26. Lower end cap 24 is provided with an inlet 28 for feed, an outlet 30
for permeate. Upper end cap 22 is provided with vent 27 to vent gas.
Preferably the end caps 22 and 24 and the filtration units 26 are of the same
plastic material and are selectively welded together such as with heat or
solvent at their outer peripheries. The inlet 28, outlet 30 and vent 27 are
30  respectively adapted for connection to a conduit of tubing or the like.
The vent 27 of any suitable type extends through the end cap 22 to
permit the venting of air from the filtration cartridge at start-up and to permit

venting of a gas to test for membrane defects when operating the filtration



The vent 27 of any suitable type extends through the end cap 22 to permit the venting of air from the
filtration cartridge at start-up and to permit venting of a gas to test for membrane defects when operating
the filtration cartridge 20 in TFF mode. This may comprise, for example, a manually opening valve which
is opened to exhaust gas and thereafter closed. In use, a liquid to be filtered enters inlet fitting 28,
passes into the stacRridifradtbinunits 2800sasHus agueftinpiéessiltfaticHameipblamesuaitnin the stack 5 of

filtration units 26, aghetrinAlie WERANDEFkER™ WRERIHR BRIMRAIGEASBS oUt outlet fitting 30.
Referring to Figures 2, and 3, a memprane suPport plate 32 has a top surface 34 (Figure 2) and a bottom

surface 36 (Figure 3). The 1ofisatqul 3 e JUtred i gHeEntat SUnmER dres SN HE T accommodate a
larger 10 membranefdfiitratiore s Sanedset thougie thbfilresodSacanmiad&owithialtis sager than the

membrane srugturs A IS L 0T RINENES A0RANC A, T o syfage 0 has a relatvely

smaller inner dimension ) 1o accommoda e smallel membrane structure e filtration plate 42
shown in Figures 2 @f@@leolitprses the membrane support plate 32 and the 15 two membrane structures

38 and 40 which are seal%{g}mg g{]ﬁ@J%rtpiaﬁwg,ofat%m&np@%@yfﬁ)@g@@ﬁg@ %@t membrane seal
sites 44 and 46. A filtration unit 2 cr%i)able of effecting fluid filtration is formed by joining (sealing) two

filtration plates 42 tS65ER StHEIBI e 316 fo WHYBEHURESSAGIAUR 3 AINAIBSURES 38 is formed by
joining (sealing) filtriedton usitgivibytol@gehidttotbieneatidre (LIDIo bl Reurineamidy skejerg the SID to SID.
surfaces and LD to LR eufages n s mannck &, stask pEflraan unis. 36, (Figue ) s formed whichis
capable of effectlngnlle oW eret%roug which assures that all incoming flui edilis passed through a
membrane structuréhds e AEPHENESEXTWE tiefoumks SONwD therfiltrantsreaamibigeb20Figure 1) formed

25from the stack of fijtration paits 2& The féltr%qiém,m@tgn%@f (s RTEC- D= TaTo WG BF'% feed inlet holes

[
48, permeate outlet holes 50 and vent holes 56. In use, feed to the filtration cartridge 20 enters through
inlet 28 (Figure 1) a#d9PAB8esn GRS MBPHEIR SUE WEe fOre SBREYRII QRO A %ON the SID side

(Figure 3), fluid feedhown in Figures 2 and 3 comprises the membrane support plate 32 and the
15  two membrane structures 38 and 40 which are sealed to the entire periphery of
the membrane support plate 32 at membrane seal sites 44 and 46. A filtration
unit 26 capable of effecting fluid filtration is formed by joining (sealing) two
filtration plates 42 to each other at the SID to SID surfaces. A stack of
filtration units 26 is formed by joining (sealing) filtration units 26 to each
20 other at the LID to LID surfaces. By sealing the SID to SID surfaces and LID
to LID surfaces in this manner, a stack of filtration units 26 (Figure 1) is
formed which is capable of effecting fluid flow therethrough which assures
that all incoming fluid feed is passed through a membrane structure 38 or 40
prior to exiting the outlet 30 of the filtration cartridge 20 (Figure 1) formed

25  from the stack of filtration units 26.

The filtration plate 32 of Figures 2 and 3 includes feed inlet holes 48,
permeate outlet holes 50 and vent holes 56. In use, feed to the filtration
cartridge 20 enters through inlet 28 (Figure 1) and passes through feed inlet
holes 48 as represented in arrow 29. On the SID side (Figure 3), fluid feed

30  passes through membrane structure 40 to produce a permeate which travels a
direction as represented by arrow 58 through grooves 60. The permeate
travels through the spaces 68a positioned between posts 68 and then out
permeate holes 50 as represented by arrow 35 to the outlet 30 (Figure 1). On
the LID side (Figure 2), fluid feed passes through membrane structure 38 to

5



30 passes through membrane structure 40 to produce a permeate which travels a direction as
represented by arrow 58 through grooves 60. The permeate travels through the spaces 68a positioned
between posts 68 and then out permeate holes 50 as represented by arrow 35 to the outlet 30 (Figure 1).
On the LID side (Figure 2), fluid feed passes through membrane structure 38 to produce a permeate
which travels in a dRecticn agaEprreaicd bp\elsol SIuetidugh [GRREBET by BreWdRRheate travels out

permeate holes 50 gsJigpregoBiRd by ariow $enfateringdr Fiogurgfmeafltraties woit g6 sealed to end
caps 65 and 67 5 is shown. The filtration unit 26 comprises two filtration plates 42 shown in Figures 2

and 3 and are showWAPKSEREER6E QY HEN 4-4 of Figure 2. The membrane support plates 32 are sealed
together at plate seals 64 Refdriidg keFiyurande stilichioe 3138 20 ecakal adldal thepdsrabdaTe plates 32 at

membrane seal area 72. Membr tr re,40 | led to membran ort plates 32 10 at
membrane sea%aregss%v.wll\'/lihn ?ﬁﬁ%ﬁgﬁ%ﬁﬁ §|§?i“s% § egﬁgv %r@@%ﬁ?ﬁvﬁ %t%gr% ?n%i%jﬁof holes 76 and an
outer row of holes 789wessAcdieh B\atideataghionitalvsher Frrpareeaticlll fréorhihigyeeed. fllid 80 must pass

through membrane gisHFeSF5h oM 4aRECsI0RERGIEGBYEHRY 86 NNRale 2 afh& ditration units 26 are
sealed at their outeMerlphery at outer glate seal 64 and at an inner 15 periphery at plate seal 70 (Figure

3) on the SID side ANEMH#HE STEIAIEE%8S B8R DAY MR EIEPIRRNELSEI36ALME TG de (Figure 2). The

seals 70, 64, 71 ane:aba@rexasaddirom sinectusfaces sarsounchogiiralesothoHiglites 22and 3) so as to
provide flow pg&hs t hoIeBrSO. A f'ltratio%un' 26 is sealed to F"?eds ?,Qp 65 at o&t&am(gr(iﬂpheral plate seal

66a and to end cap 7'a1ol r(]aerspegri%rﬁgsral seal 20 69° AR INIBL (ROt SKOWN) Is Srow ed for introducing

feed into the filtrationngnitevp ef A%nf@?@rﬁﬂl anteuty 30 koks 586_3 _fﬁﬁd&h@b@d by tthe I?A&H’mer shown in
Figure 1. The seals$4,,R6a @ @94535{[]1;3@591%@5@%;& a0 ,ﬁggl%ggga{h(péﬁzgsﬁ hQusing,to effect desired

fluid flow. Referring to Figure 5, two filtration units 26, sealed together are 25 shown. In Figure 5, the
reference numbers WHRRW S SR 4ame iIrdp ehfleorGRaNeRYiASHIGUPEaE i§éntin? tHE"&UPRe elements as in
Figure 4. Figure 5 shiwgahad seqibaralityedfdiltsationpuaijsa26ubse skackes enehgealgditagether to form a

filtration cartric{ge deﬁjﬁgrryeag‘ Z)Ig ei@ rrﬁ?(Efg%Pe%?%w £ I?)uglségeantaoéﬁhnegouter plate seal

66a and inner plate seal 71 on the LID side (Figure 2). The seals 70, 64, 71

and 66a are raised from the surfaces surrounding holes 50 (Figures 2 and 3) so

as to provide flow paths to holes 50. A filtration unit 26 is sealed to end cap

65 at outer peripheral plate seal 66a and to end cap 67 at outer peripheral seal

20 69. An inlet (not shown) is provided for introducing feed into the filtration

units 26. A vent 27 and an outlet 30 also are provided in the manner shown in

Figure 1. The seals 64, 66a and 69 eliminate the need for an additional outer

housing to effect desired fluid flow.

Referring to Figure 5, two filtration units 26, sealed together are

25 shown. In Figure 5, the reference numbers which are the same reference

numbers in Figure 4 identify the same elements as in Figure 4. Figure 5 shows

that a plurality of filtration units 26 be stacked and sealed together to form a
filtration cartridge 20 (Figure 1) being free of an additional outside housing.

In use, the integrity of the membrane structures 38 and 40 are tested

30 with a gas such as a binary gas when operating in a TFF mode with vent 27

open. This integrity test is described in U.S. Patent application Serial Number

11/545,738, filed October 10, 2006 which is incorporated herein by reference.

The integrity test used on the apparatus of this invention is a test that has been

designed to correlate to the removal of small viruses. The initial composition

6



In use, the integrity of the membrane structures 38 and 40 are tested 30 with a gas such as a binary gas
when operating in a TFF mode with vent 27 open. This integrity test is described in U.S. Patent
application Serial Number 11/545,738, filed October 10, 2006 which is incorporated herein by reference.
The integrity test used on the apparatus of this invention is a test that has been designed to correlate to
the removal of smaRfvibadee. gpaes ii9aVc &1 GsRidRYoeKRS iRt efharss ThBIE COENE 10%

hexafluoroethane. Thisgrsdmiximeerizdindurankiaghgdesdmeran e reRarmiited e gas mixture is
allowed to sweep across the upstream side of the membrane and bleed out the vent port while

maintaining a trans THEFRGEARRS fieLo5eat side o A0a B8EBaNGHKLHIesh L EhaEahRe e quired so that the
concentration of thentvile gasesingainsnconstbrinepidsupsiramm Siesdrma¢EEipmest of the
[lalﬁ?taiﬁtindicaﬂve of a

composition of the is taken downstream. An elevat exafluoroethane v
membrane that‘l’wiII%r\?ilc’)%glp?aE’i|rn6}{>l|?rlﬁagc._j %tgétbtsﬁegqct?g% nﬁﬁ%?ﬁti%ﬂ{“&@\?&? %7}?3% ?n'?ﬁa?y open and fluid feed is
10 introduced througihtheiepsiseosidel it engasurrieret widhecsimpesitipsoivitisigases Kitekeon cartridge 20. The

vent 27 is then closgglaRitbah 6 Wrivahelexaflbrisiase 2 A06 iShiiediNebrithaspmeate. Excess

permeate is removed through outlet 30 over the time filtration is effected. After filtration is effected,
permeate can more'BAN Rt EIRA om the filtration cartridge 20 through 150utlet 30 by opening vent
27. 20 25 30 CLAIMS What isisdedoredoperatidn, Ahbliratiaay ¢aitiigig sy lopwingna fluid fedetiand a fluid outlet
coOmpnsINg. 15 introduced through inlet 28 to produce permeate that replaces gas within the
filtration cartridge 20. The vent 27 is then closed so that the vent holes 56
(Figures 2 and 3) are filled with permeate. Excess permeate is removed
through outlet 30 over the time filtration is effected. After filtration is effected,
permeate can more easily be drained from the filtration cartridge 20 through

15  outlet 30 by opening vent 27.

20

25

30



at least one filtration unit, each comprising two membrane 5 support plates, each of the membrane
support plates having at least one filtration membrane bonded to a bottom surface of the membrane
support plate and to a top surface of the membrane support plate, the membrane support plates being
bonded to each other at an outer peripheral surface to form seals to prevent fluid feed from entering the
10fluid outlet excepEbWA¥ing passed through at least one of the membranes, a top end cap, a bottom
end cap, a vent on QieQE tisced caps, and fluid flow paths from the fluid inlet, through the membranes
and through 15 the fluid outlet that prevent fluid feed from the inlet from bypassing the membranes and

which provides a singlé-pétBEp SaERAge ARV Ad 141N ARG R B UG WERHROME T Hbw to the fluid outlet.
2. The filtration cartridge of Clairat lidaaving: afipacrlityvaftfheadhtredioprizignitso mambiaediltration cartridge

e e TR PO WA GRS R gsrese o o
filtration membrane bonded to a bottom surface of the membrane support plate
and to a top surface of the membrane support plate,

the membrane support plates being bonded to each other at an
outer peripheral surface to form seals to prevent fluid feed from entering the
10  fluid outlet except by having passed through at least one of the membranes,
a top end cap,
a bottom end cap,
a vent on one of the end caps,
and fluid flow paths from the fluid inlet, through the membranes and through
15  the fluid outlet that prevent fluid feed from the inlet from bypassing the
membranes and which provides a single permeate pathway including a row of

holes for permeate to flow to the fluid outlet.

2. The filtration cartridge of Claim 1 having a plurality of the filtration

20  units.

3. The filtration cartridge of Claim 1 wherein the membrane support
plates include fluid pathways which permit permeate flow from the top
surface and from the bottom surface of each of the membrane support plate to

25 the fluid outlet.

4. The filtration cartridge of Claim 1 having a plurality of filtration
membranes bonded to a bottom surface of the membrane support plate and a
plurality of filtration membranes bonded to a top surface of the membrane

30  support plates.



4. The filtration cartridge of Claim 1 having a plurality of filtration membranes bonded to a bottom surface
of the membrane support plate and a plurality of filtration membranes bonded to a top surface of the
membrane 30support plates. 5. The filtration cartridge of Claim 1 having one filtration membrane
bonded to a bottom surface of the membrane support plate and one filtration membrane bonded to a top
surface of the membrabe Bigppbreivatcasadaeneffiflationl phatangf aneifttiatidieraembeoR of the end caps

includes an open Veghded to & HditbHALRRERDIIBRERABAM A IbIN|RERMA R JHdidiRdtigh comprising, a

filtration unit, comprising a membrane support plate, the 10 membrane support plate having a filtration
membrane bonded TEEHARFOMNAGHL8 9P HETAGR ATERS ML LR E4RRRYE Bl 1o a top surface of the

membrane support plate, the membrane support plate being bonded to a plate seal (70) and an

outer plate seal (64) atan.in eripher n quter inner eriphery of the membrane support
plate to form sel‘r’als to pﬁ%g%?l fﬂ%ofréé]c? #g?hrai%%ﬁn@%e'?lﬁﬁé o?itt?é{t% ee@ecglf}%ﬁ] fjggfr?&%passed through at
least one of the meRMBFaEE, a top end cap having the fluid inlet, a bottom end cap having the fluid outlet,

20an outer plate seal (66a) bonded to the top end cap,

7. A filtration cartridge having a fluid inlet and a fluid outlet comprising,
a filtration unit, comprising a membrane support plate, the
10 membrane support plate having a filtration membrane bonded to a bottom
surface of the membrane support plate and to a top surface of the membrane
support plate,
the membrane support plate being bonded to a plate seal (70)
and an outer plate seal (64) at an inner periphery and at an outer inner
15  periphery of the membrane support plate to form seals to prevent fluid feed
from entering the fluid outlet except by having passed through at least one of
the membranes,
a top end cap having the fluid inlet,
a bottom end cap having the fluid outlet,
20 an outer plate seal (66a) bonded to the top end cap,
the plate seal (70) bonded to the bottom end cap and to the
filtration unit,
the outer plate seal (64) bonded to the filtration unit and to the
outer plate seal (66a),
25 and fluid flow paths form the fluid inlet through the membranes
and through the fluid outlet that prevent fluid feed from the inlet from

bypassing the membranes.

8. The filtration cartridge of Claim 7 further comprising posts (68) having

30  spaces therebetween within the fluid flow paths.

9. The filtration cartridge of Claim 7 wherein the outer plate seal (64)

includes posts (68) having spaces therebetween.



the plate seal (70) bonded to the bottom end cap and to the filtration unit, the outer plate seal (64)
bonded to the filtration unit and to the outer plate seal (66a), 25and fluid flow paths form the fluid inlet
through the membranes and through the fluid outlet that prevent fluid feed from the inlet from bypassing
the membranes. 8. The filtration cartridge of Claim 7 further comprising posts (68) having 30spaces
therebetween within th&0fldibefl it giamsartridger ol fMtpition wasieHy e fTIapRTeniieRelh the outer plate

seal (64) includes pogtss(BRIDRVINM $RRFES NERRASSNARDF Itk Giolhn e g afion satdge of Claim 7

wherein the membrane support plates include fluid pathways which permit filtrate flow from the top
surface and from th&'B IR AT FUES Of ERSTH RIS SRIOIASoHRASTERIAPTHE Mifid outlet.  11. The

filtration plate of anyl@dewfeElaim 7 wherein each of the end caps includes an open vent.
5
11. The filtration plate of any one of Claim 7 wherein each of the end

caps includes an open vent.

10



