FILTRATION CARTRIDGE FORMED OF STACKED PLATES RELATED APPLICATIONS This
application claims the benefit of priority of U.S. Provisional Patent Application No.: 60/997,420, 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 housing. More
particularly, this inventionfrélARATHHON OAR TitFRdn ERiMEGE PravyGivb p BkAd&te pathways to a
permeate outlet from the filtration cartridge. BACKGROUND OF THE INVENTION Membrane filters of
various polymeric materials are known and are_generally thin porous structures having porosities between
about 50-80% by volume. They are relati\?QVﬁ RN e B only used with various types of
mechanical support or reimiascapidvatidnl olsinaies dkhigfiids phivitghuch mevidisadiepear unit of area are a

function of pore size, Tﬂc%E§ "NG!Q%J)Q&,@E?%@Q&%@%W&%@? %’"%b&”ﬂe ROl d UpFHEALRIE below about
one micron, relatlvelfparge lter-areas are néeded. Such areas avé% erefore been provided by using
large individual filterghishisyeusnogoaraigenieretirensaereindividual filters in parallel. For use in critical
pharmaceutical applications such as sterilization, such membranes and their supporting apparatus must
be free of leaks or defects capable of passing small particles or organisms. Numbers of small filters
have theretofore been hand-assembled 0 Sfeidw/ Wfﬁ'\é-'dw}?rting plates and associated apparatus,

then tested, and, if necessaiy, istentizedglaféenad fhgatisarsiiegatiaensidesaialateestend inconvenience.

The operations must be repeated if the hand assembly fails the necessary.tests. The mechanical parts of
larger more compleﬁ%ﬁ?%o’?@ﬁﬁ%ﬁ%ugzy gctlahﬁsérlg Igz/r%énarr]eja eén‘éi rsg-gﬁsaeéxﬁﬁ%ognﬁ?ﬂﬂ@ﬁlters being
replaced. One asseilgheretfopermestddealivalisgosakterpieaieicontlst afkumbéen fitiedanically secured

with relatively move@éwﬁdag_rts.

BACKGROUND OF THE INVENTION

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
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
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
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 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 with each change
of filter. Pleating of fragile membranes creates stress concentrations at the folds, permits flexing of the
fragile membranes in use | rbvidedl reqbiRnRs ifittene a¥i o cMea draenkesn Bmeastedolatatthe upstream and

downstream sides a)fRe4iNgs PLRGANMET BRARIIVRS isRakiRe ANdsARLOYBIARRING Sseams.

Because of concerns for possible failures at the folds, seams, or ends, a separate flat final filter is
sometimes used in SQIE5{fth 1A REERERES RJR AP alfic R AR AR Ao AP Ui 8tions, for example,
in sterilizing pharmaiispatiaials ametiintiay eaquie flliidsseintayldiieniiberasseniaynamdbestivigdifferent materials

in pleated cartidge, gapsiguction, pereqsqs dhe seues IpreiacHls g M el The fluid
processed in presently available fifter cartridges experiences’pressure drop WhIch limits the volume of
fluid that can be progeserittipnsughtinddstritgaity i teg @fetof HirstioureeaMupnis dibsedy related to the

flow path length of thgfkig wiliRdieGRAURGS WS leRBSR M RAtBr FRAIRSHRGOAR@LEr the pressure

drop. U.S. Patent 4,501,663 discloses a filtration cartridge formed from a plurality of stacked filtration
modules and havingQVE&eaH&' 6% SR8 ABHSH GOHRE @aMADGESYRULITEHILSISEESiPA%s a large hold up
volume which resultséngaingle desas. BedduSe Batenicappliftatipossisidaiirasbar he/9xbs7 74, filed April 23,

2007 discloses a filtration cartri&i e having a fflefeg in]e]I. nd.a ?ermeate ouHeI positione%at a central
: qedns,, oL ends, a_separate {14t fina 'cﬁle{ S Omelilmes used “in; Series wi :
portion of the cartrlége. his carttidge requires a fluid deflection plate to direct incoming fluid feed from a

central portion of the'eﬁﬁ?di@fg@iﬂgeﬁ @@ri@ﬂ@ﬁhﬁiﬁgr@mﬁ: o mﬁiwrﬁﬁdtj@aﬁph@ ﬁ%la@mp_@f Hldef!ection plate is
undesirable since itgdfis A A RAHINRIGIRMRAT IR NEGALHHNR. In Al PReSklgrean integrity test

utilizes a binary gas for determining the presence of defects in membranes in a filtration cartridge. The
test provides greateMAREIraby HREA RISy AR FREE HHe Sy SRt fBWEARABh mode (IFF)
rather than a normajoilesssfiirasieracaiseei (i fie fitteasl ended filtration). This integrity test is described in
U.S. Patent The fluid processed in presently available filter cartridges experiences
pressure drop which limits the volume of fluid that can be processed through
the cartridge. The degree of pressure drop is closely related to the flow path
length of the fluid within the cartridge. The longer the flow path length, the
greater the pressure drop.
U.S. Patent 4,501,663 discloses a filtration cartridge formed from a
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
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
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 (IFF) rather than a normal flow filtration mode
(NFF) (dead ended filtration). This integrity test is described in U.S. Patent
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application Serial Number 11/545,738, filed October 10, 2006 which is incorporated herein by reference.
Accordingly, when it is desired to effect NFF filtration within a filtration cartridge and to effect the integrity
test, the filtration cartridge must be capable of being operated in both TFF and NFF modes.

Accordingly, it would be desirable to provide a filtration cartridge having a single feed inlet and a single

permeate outlet for 2eRI¥EHETOISFEbIDINREr adibifida/ IBwolRd Beckdsirabile #9Yrovdienseh a cartridge
which can be operajed imoReil TefemndNFEreRaRes AbtEREROMRdhWOKIdRRer) rafpietto provide a

filtration cartridge with a minimum of nonworking elements to reduce cost, In addition, it would be

desirable to providd Sch YA WERAHURIHE SHICOR iy JroeHedete Lpeariy Jeet a6 w pressure drop
within the cartridge filsraton pareitite preselyapubitabchemdrioigesie S MMARFFOINd NEANVENTION
To provide a filtrationo%ggtridge having a single feed inlet and a single permeate outlet for reasons of
simplicity. To provicré such a cartridge which can be operated in both TFF and NFF modes. To provide a
filtration cartridge with a n\ROIMAY. nBnweikdnie etiepiiahle to reravisie codtltiptianoterides provide such a

cartridge wherein thejluifl beingiecessgdRxParencem@doyemiessustidiopitapibecartridge as

compared to presently available cartridges. The present invention provides a filtration cartridge
formed from one orSYTRLIEE Kty AR A YYAAdNSi CRSHARIE LA REY IR SUSB ARF I Ba¢R I Bther to assure fluid
flow from an inlet tocthe fdtragiomecaitridoeh thFreughdaNeashode mMemisaneand thoaliyhan outlet from the
filtration cartridge. The ¢ rtrificﬁe IS c?aep%b]lﬁ of .bein rpr%erateq in_both. TFFE a nNFF rﬂpndes. The filtration

r

mode is dead ende ?Srllroarngla Whiltration H@Eﬁ 4ch Hitra |Bnaum¥nér8}]nr%rf)ses Wo mémbrane support

plates sealed togetlatementhdyr duse ﬁ@ﬁiph@ﬁééit@moﬂm/@@th@k oesiraklgon @mtédf_a:m rembrane support
plate has a first surface;@dherRGPISLSHITASIAY HHREGRMSMRIAREs SUR IS &siRolgdmembrane or a

plurality of membranes is bonded to each of the first and second surfaces of each membrane support
plate. The filtration Y41RHYIGE Fa" IR SUNBRER LR pENE Al AR CaBldfieate outlet and a second outlet

that functions as a vent. The end caps seal the cartridge and direct flow from the feed inlet, through the

membranes and out the outlet. Pelg[IJ t éﬁ%&p\?ﬁmw&&m@mwd pathways within the filtration

cartridge so that, on average, the flow pat is one halt the flow path length of a filtration cartridge
having one flow path and havimyidecastltiginoiadritgedragsgseaciingle Bypioleidang theingle fluid flow paths

for the permeate, Piessidbe. ARRGHHEEUHE WM EoR CATTHORIS sitRSiRRtRdYe FHRRSSN

be operated in both TFF and NFF modes. To provide a filtration cartridge with a
minimum of nonworking elements to reduce cost. In addition, to provide such a
cartridge wherein the fluid being processed experiences a low pressure drop
within the cartridge as compared to presently available cartridges.

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
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
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



EFFECTS OF THE INVENTION 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 operated in both TFF and NFF
modes can be provided. A filtration cartridge with a minimum nonworking elements to reduce cost can be
provided. In addition, a cartridge wherein the fluid being processed experiences a low pressure drop
within the cartridge corhpueitd teapsessehiifeasaiiiadte aadtdigelsitam beprovideet BRIEF
DESCRIPTION OF i3 RPREMEMSERes anfrigit@eldsigiperspective view of the filtration cartridge of this
invention. Figure 2 is an exploded({)(%[)&view of a first surface of a membrane su&port plate of this

invention.  Figure 3 is &85 4G BRYM 5RO AR THELRIRNRYS IR Flad!Be#lure 2. Figure
4 is a cross sectionadniiiyeofcatfitiradio aveastid ge dfdlwipatveatim Raorechalfiehsltfrtiopatmit.

length of a filtration cartridge having one flow path and having the same
horizontal cross-section. By providing the two fluid flow paths for the
permeate, pressure drop of the fluid within the cartridge is substantially

reduced.

EFFECTS OF THE INVENTION
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
operated in both TFF and NFF modes can be provided. A filtration cartridge
with a minimum nonworking elements to reduce cost can be provided. In
addition, a cartridge wherein the fluid being processed experiences a low
pressure drop within the cartridge as compared to presently available cartridges

can be provided.



Figure 5 is a cross-sectional view of a filtration cartridge of this invention having two filtration units.

Figure 6 is an exploded view showing the first surface of the membrane support plate of Figure 2 and
showing permeate flow paths within the filtration cartridge. DESCRIPTION OF SPECIFIC
EMBODIMENTS Referring to Figure 1, a self contained filtration cartridge 20 having, for example, 0.5
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 units 26. Upper end cap 22 is provided with an inlet 28 for feed, an outlet 30
for permeate and a vent 27 to vent gas. Preferably the end caps 22 and 24 and the filtration units 26 are
of the same plastic material and a%gk%'ié%ﬁ%&'%ﬁ@é\b%&&ﬁé? ROMKINGRith heat or solvent at their outer
peripheries. The inlet 28, siglet 30 and epérBpeatiecradpe ctiehy ailaptied foraapectiahido a conduit of
tubing or the like. n\/Th(;ovent 27 of any suitable type extends through the end cap 22 to permit the
venting of air from t eefﬂ%rar{ion cartridge at start-up and to permit venting of a gas to test for membrane
defects when operating theiditteatiols cartekiedsd ipbTHEWMIda. firbisswitagecomprigembnanexample, a
manually opening va|ygowhigh iss eRenradgaxhaust gas and thereafter closed. In use, a liquid to be

filtered enters inlet fitting 28, passes into the stack of filtration units 26, passes through the filtration
membranes within the staglgure 3 is an exploded bottom view of the membrane support plate of

Figure 2.

Figure 4 is a cross sectional view of a filtration cartridge of this
invention having one filtration unit.

Figure 5 is a cross-sectional view of a filtration cartridge of this
invention having two filtration units.

Figure 6 is an exploded view showing the first surface of the
membrane support plate of Figure 2 and showing permeate flow paths within

the filtration cartridge.

DESCRIPTION OF SPECIFIC EMBODIMENTS

Referring to Figure 1, a self contained filtration cartridge 20 having,
for example, 0.5 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
units 26. Upper end cap 22 is provided with an inlet 28 for feed, an outlet 30
for permeate and a 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 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
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 stack of

filtration units 26, passes through the filtration membranes within the stack
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of filtration units 26, as hereinafter described, from which the permeate passes out outlet fitting 30.
Referring to Figures 2, and 3, a membrane support plate 32 has a top surface 34 (Figure 2) and a bottom
surface 36 (Figure 3). The top surface 34 has a relatively large inner dimension (LID) to accommodate a
larger membrane 38 which is larger than the membrane 40. The bottom surface 36 has a relatively
smaller inner dimergidHtEIm) 4bitactéo sihewinaligiedsspmamed. diembizige We PEMBeAleraftsasplate 42 shown in
Figures 2 and 3 copprisgiihgingeshbrane support plate 32 and the two membranes 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& gé?ﬁ’\é"ﬂ'fl'i%fﬁﬁ&tiBﬂqsﬁﬁm@@m@%i?HH@D(EQéﬁFﬁ&')Zt% fitRion plates 42 to
each other at the SHorfacSH2 sritace<) Arstackoabihiltsatface (Boitg-Rarns Iprmedcdy Jaifickig3sealing) filtration
units 26 to each other at the LID to L|D surfaces. By sealin ID ID surfaces and LID to LID
surfaces in this ma?\]falser, ésﬁei—%%vé&fill?r ?or'\nﬁ%?tsdﬂgé ﬁé?é}brg {?fs or?r%go w qc%{elsgci%%fie of effecting fluid
flow there through wisichrase 3fesithish aib ikegrnihgnfiliel Testbigne s dderroltgin surfesenBbane 38 or 40 prior

to exiting the outlet 3Q of fhgibigtiomAartitier i gibicractframbiaR SiackR{ifiiration units 26.

The filtration plate 32 of Figures 2 and 3 includes feed inlet holes 48, permeate outlet holes 50, two sets
of permeate pathwé?eﬁm@gesﬁoaﬂ_aasﬂ'EW&OU&%i‘tﬁ(ﬂ%éW”TWeFt\Q}Hﬁe%prﬂ%?é‘}?ﬁHWﬁ%@z and 54, each
are in fluid communigahiranyitBupponeatate Bietmblas Hloandrmbriats30s(kiglim® Iyhichusge, feed to the
filtration cartridge Zg)e%nge S ﬁpr%u p in(la?li 8 }ch;g re nl#a a PI passes rtpr?l%gtgge?dmienrln trgr%les 48 as
represented in arrow 8" On the SID 8ide 'gureﬂ}i), ui faeedsdofsseg ?moug?'n membrane 40 to produce a
permeate which trasesksitedré andvi6. divditiahenad iepiexeantaddd\eHectnoSBuiHBligHaydoves 60. The
furthest the permeafg g s(> Bty ERTHGARS Inack2bleRisdie mdReIERfghe length of the

grooves 60, to either edge 61 or 63 of membrane 40. Theﬁge_rmeate, on average, travels from either
dotted line 64 or dotttd AWEBE wWRiISPHeb Ui 8RR RS If JREBVESO0I BN ETh&tealii 61 or 63 of
membrane 40. The fileteatiteaets Hacnughethe sieaces 1684 [pasifiesByahuied thoS68 and then
through permeate pat hples 52 or 54 as represented by arrows 31 or 37 and. out.permeate holes 50
as represented by %?rgv%@?%%seaggt eltibo ?I:@ﬂ?%?%‘?%h”tﬁﬁe'sﬂf?%”sﬁ%fe ?ﬁ.‘&&re"g?,' %‘b feed passes
through membrane BBtsc2prifdoete d)pesriosatd wiich iraverishie oheidiaing divittitme tereepresented by
arrow 69 though giARNs thnithe:litbesh e ReTSAIRJ KRS RAPING,3&E iRmgRted line 73, which

is the midpoint of the length of the grooves 73, to either edge 75 or 77 of membrane 38. The permeate,
on average, travels TIIAREIASS RttaPiife oS tiae Rveesd0unhiEs Ay 3w, GriofeAYth of grooves 71
to either edge 75 onFigwt meorhicnodBthé keqresnRat@idravets 2brough permeate pathway holes 52 or 54
as represented by arrows_31 qr. 37.and out permeate holes 5Q as represente rroyy 35. As shown in
Figure 6, fluid feeds 69a and g%ab'gg WFO%HTE@H@FM@E%% glr(f‘ (%6 Efl?wiae 'Pi%%éﬁ% é\ée’rmeate travels
along the pathwayspshoeate oyt flrs\ed, 52w sald 51 agonhaiesBinay Shisedbgndridhwan®d0a and then to
outlet 30 (Figure 1)yent RALErERI AL iGN SHAmp Il BifHNL 25 se@led teRRdFARS @Rignd 67 is shown.

The filtration unit 26 comprises two filtration plates 42 shown in Fi%ures 2 and 3 and are shown at the
cross section 4-4 oﬁﬁ@ﬂk@'?t*ﬂﬁé’%'éﬁ%%ﬁéﬁyﬂﬁbpplﬁ%\@sa@ yHes S 6 I8GethdPatSplate seals 64, 68
and 70. Membranese3§ @rehsgaiegidn tarMogIyanedltesgiaknBnbiiune Bealdpeges2. Membranes 40
are sealed to membyrane support plates 32 at membrane seal areas 7 rape.support plates 32 are
provided with an in?1ﬁerr0 lrjg\r/]v c?f? %%Iepgﬁ%% %Sa%g(;‘a er %e\/%legieﬁ%%g v s9 'ﬁ%ﬁ%?/@é 'E?ack arrows in
Figure 4, all incomirgidersd uidl8dl frgst passsstitirmugh memibieanetd) 38 protidcana permeeaiate pathway holes

52 or 54 prior to beifgirGEXRIE] ASREINEALE Frc i L AiRBMRLS Bg grenesieq A gpelr outer
periphery at outer plate seal 64 and at an inner periphery at plate seal 70 (Figure 3) on the SID side and

at the outer plate séBP®Gs £9 ThReFYsiate SBAIRSHMARIC iBvelel e Pigisré2is gatigd 1ipe 64, 59 and 66a
?re raihse(rj1 flrom tge suUNaGes ﬁl}ﬁ@ﬂﬁ@gﬁ%f@%ﬁ%@ﬂggﬁ%@w | g@, 3@%@1 @)y@g@@é(ﬁpr@xidelﬂﬂw pathsI
rom the holes 52 apd 54 to holes 50. A filtration unit 26 is sealed to end c 5 eripheral plate sea
6. A fitration uret 38 & COSTERTE Aty o PR D AL i B8 AT Ao o) s proviaed
for intrqduc_ing feedﬁmt@rtldetfd@ﬁtiaIﬁﬁjmtﬁ;cﬁ&rm&mbﬂ’mamgh olugieb36s @Q@a&i@wmedgﬂaed ir_l the manner
shown in Figure 1. Ehe,seals B, ane 59 eifpinaifie nesd Cupa.afdHenghautqghousing to effect

desired fluid flow. Referring to Figure 5, two filtration units 26, sealed together are shown. In Figure 5,
the reference numbRIEHORREH RERVASE AR GBI MY AURHSErBaHMERRIPAAVYAE MPI9SRE 8Bme elements as

in Figure 4. Figure 54hoVspridaitadmyratibnebiilsatvnnddis seretiachedsand rprdeshi@pether to form a
filtration cartridge 20 (Figure 1) having two permeate paths 52 and 54 and being free of an additional
6

outside housing.



In use, the integrity of the membranes 38 and 40 are tested with a gas such as a binary gas when
operating in a TFF mode with vent 27 open. The gas passes from inlet 28, across the membrane 38 to
vent 27. In subsequent operation, the vent 27 is initially open and fluid feed is 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 88 #FRurkiste BadP@eiROfaiith. SerritedtdD Eiteeddqhee Ak dteidsfeetnoved through

outlet 30 over the tipygsfltratignds sHartpshe’dtetfiiraiine is siesiedwhRimpaiacanomose easily be
drained from the filtration cartridge 20 through outlet 30 by opening vent 27. CLAIMS 1. A filtration

cartridge having a fi8l iAIECLAR aFuiGRSERRTLMAIEMGS® throughdiaavesatle filttaiEieshit, each
comprising two menhraeereapparvelatesprach2at thenmuznd dine 8ippithpkates halsigtat least one

filtration membraneol?qﬁg?eq] (591 %Pt%téo%p%g\yrgaﬁg i%f %ﬁep\eear%b%ngg wp(ﬁonr]t%ﬂ@l?eng@g_t?h top surface of the

membrane support plate, mbrane support pfates being bon 0 ea_ch other at an outer
peripheral surface teefoiRalsedls ta\sragnitfvRIstéinfritheedasieddiftte Muid dotled drecdt by having

passed through at lgggtong of BmamhiaRRgHAIPREB™S3R: to either edge 75 or 77 of
membrane 38. The permeate travels through permeate pathway holes 52 or 54
as represented by arrows 31 or 37 and out permeate holes 50 as represented by
arrow 35. As shown in Figure 6, fluid feeds 69a and 69b pass through
membranes 38 and 40. The resultant permeate travels along the pathways
shown by the arrows 52a and 54a to holes 50 as shown by arrows 50a and then
to outlet 30 (Figure 1).

Referring to Figure 4, a filtration unit 26 sealed to end caps 65 and 67
is shown. The filtration unit 26 comprises two filtration plates 42 shown in
Figures 2 and 3 and are shown at the cross section 4-4 of Figure 2. The
membrane support plates 32 are sealed together at plate seals 64, 68 and 70.
Membranes 38 are sealed to the membrane plates 32 at membrane seal area
72. Membranes 40 are sealed to membrane support plates 32 at membrane
seal areas 74. Membrane support plates 32 are provided with an inner row of
holes 76 and an outer row of holes 78. As shown by the black arrows in
Figure 4, all incoming feed fluid 80 must pass through membranes 38 or 40
and permeate pathway holes 52 or 54 prior to being recovered as permeate 82.
The filtration units 26 are sealed at their outer periphery at outer plate seal 64
and at an inner periphery at plate seal 70 (Figure 3) on the SID side and at the
outer plate seal 66a and inner plate seal on the LID side (Figure 2). The seals
70, 64, 59 and 66a are raised from the surfaces surrounding holes 52 and 54
(Figures 2 and 3) so as to provide flow paths from the holes 52 and 54 to holes
50. A filtration unit 26 is sealed to end cap 65 at peripheral plate seal 66. A
filtration unit 26 is sealed to end cap 65 at peripheral plate seal 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.



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 the fluid outlet that prevent fluid feed from the inlet from bypassing the
membranes and which provide two permeate pathways for permeate to flow to the fluid outlet. 2. The
filtration cartridge of Claim 1 having a plurality of the filtration units. 3. The filtration cartridge of Claim 1
wherein the membrane supgfeitifdatés ifdQuere fRuidSafHitaiien viRith ersangseipgetirs Aty from the top

surface and from thg,hgHom stigacesf \achmefdie MenraNeRIPRAt RO fbefkig outlet. 4. The
filtration cartridge of claim 1 having a plurality of filtration membranes bonded to a bottom surface of the

membrane support HERESHE lavSia, 9P HRAIRGSHTESISERIS BRJaUS 4 (o9 YLEF99%E the membrane
support plate. 5. The filphitigincaftfittgeiaf aldisn2t ba\siagketerfitsatien tognheranedonded to a bottom

surface of the memﬁﬁr}?oﬁ“%gﬁﬁd jaig ?LEF' Sﬂeﬁ”ﬁ HH'H” thmé’rﬁ%Qa?ebﬁe{LHsegéoaﬁdt%ﬁ giface of the
membrane support plate.” 6. Theiltrati ngplrate of Claih 1 wherein each of the end caps includes an
open vent. being free of an additional outside housing.
In use, the integrity of the membranes 38 and 40 are tested with a gas
such as a binary gas when operating in a TFF mode with vent 27 open. The
gas passes from inlet 28, across the membrane 38 to vent 27.
In subsequent operation, the vent 27 is initially open and fluid feed is
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 outlet 30 by opening vent 27.



7. Afiltration cartridge having a fluid inlet and a fluid outlet comprising, a filtration unit, comprising
a membrane support plate, the 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 peripheral surface 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, an outer plate seal (66a) bonded to
the top end cap, the plate seal (70) bonded to the Poftfrend cap and to the

1. Afiltration cartridge having a fluid inlet and a fluid outlet comprising,

at least one filtration unit, each comprising two membrane
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
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 the fluid outlet that prevent fluid feed from the inlet
from bypassing the membranes and which provide two permeate pathways for
permeate to flow to the fluid outlet.

2. The filtration cartridge of Claim 1 having a plurality of the filtration
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 plates to 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
plurality of filtration membranes bonded to a top surface of the membrane
support plate.

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 membrane support plate.

6.  The filtration plate of claim 1 wherein each of the end caps includes an

open vent.



filtration unit, the deflection plate bonded to the filtration unit and to the outer plate seal (66a),
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 which
include posts (68) having 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. 10. The

filtration cartridge of Claim AWRes§in LIRSTMRIANE SRR IR e NGRS RAGAGYS which permit

filtrate flow from the top surface and from the bottom surface of each of the membrane support plates to
the fluid outlet.  11. The filtratioh HURIBR CIdim PRNEHOH BaREBRTHE HARLOEIUHES an open vent.

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 peripheral surface
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,

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 deflection plate bonded to the filtration unit and to the outer
plate seal (66a),

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 which include posts (68) having
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.

10. The filtration cartridge of Claim 7 wherein the membrane support
plates include fluid pathways which permit filtrate flow from the top surface
and from the bottom surface of each of the membrane support plates to the
fluid outlet.

11. The filtration plate of Claim 7 wherein each of the end caps includes

an open vent.
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