FI LTRATI ON CARTRI DCE Background of the Invention This invention rel ates
to afiltration cartridge and nore particularly to a filtration cartridge free
of a separate exterior housing. Menbrane filters of various polyneric
materials are known and are generally thin porous structures having porosities
bet ween about 50-80% by volune. They are relatively fragile and are commonly
used with various types of nechanical support or reinforcenent. Flow rates of

| i qui ds through such nmenbranes per unit of area are a function of pore size.
To obtain high flow rates through A6 samtdiheti ne pores, for exanple bel ow
about one micron, relatively large filter areas are needed. Such areas have

t heref ore been prOV|ded by using large individual filters or by using a nunber
of smaller individual filters ing Qﬁﬁ&%hﬁhhel [igise in critical pharnaceutical
applications such as sterilization ranes and their supporting

appar atus nust be frebigdfvettionlestasto afdffabot@rtipgpablnerafatpdaliag smal | particl es

or organi Sis. flltratlorg\lélaqﬁtfgeﬁe? %f a%gf)% a[tehgxlel 5r%5t§s Eave theretofore beep

hand- assenbl ed for supp or ng pl ates and associ at ed
apparatus, then testeManmmﬂﬂmmﬁdmmmmsgamwunmwﬁmbbmxmdmamfwen at the user's
site at considerabl e convenlenc e nmust be repeated
if the hand asseW@FVmﬁgpP%mP @mﬁgﬁgg@yﬁ§“§'%¥§m@%ﬁﬁ %S@ﬁ%ngc parts of | arger
nmore conpl ex f|Ivmmma@mwsm$&amaymm&ugea@maﬁmMMleamadaanﬂwmeﬂused, only the
filters being re ced. One a ret of or.e. provi in di sposable plastic
has. al o been reCHARTCAMPGS LB T Beat Gy 0GR o parre.

| ndi vi dual nmenbr as@brbids berusit @ffarelaarregaeuratrcﬁ@f foRy/szeIREMapURP A6 s f | at  or

cylindrically, or have been_pl eat d for sposition in coppact housi ngs.
Hol ders for fl at thfﬁé@b‘cﬁtﬁrﬁé’gh Heaory O@@*’"”‘P'Bg %"E@W@He fjcf Oi‘efPlatg(E'éa are usual |y not

di sposabl e, and @Fg’é(ﬂltdrﬁr@éﬂdr@ne@ﬂ&jag@ﬁaﬁébé’havé?ﬂw@@fﬂﬂe%gen greRsS|Rhy and testing
with each change of filter. Pleating nmbr anes creates stress

concentrations aFWFH@WF%ﬂH@“”b@W%WG§“WW§&Wﬁ@m€fm@W%MHF%©WIe menbranes in use,

normal 'y requireggrhiat B4 L&AY Eehl paRiicSRES SiPRcaBths QB aQteNSibh, Qfcht he upstream and
downstream si des and requires potting
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, 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, normally requires interleaving flow

screens on one or both of the upstream and downstream sides and requires potting



and/ or adhesives to send the ends and overl appi ng seans. Because of concerns
for possible failures at the folds, seans, or ends, a separate flat final
filter is sonmetimes used in series with pleated cartridges for added assurance
in critical applications, for exanple, in sterilizing pharmaceuticals and
intravenous fluids. In addition, the use of a nunber of different materials in

pleated cartri dg@no‘FdP%Teén'fé%Ttd LM th@Md@%erkH%g%@%&%oJu@éof%&%érﬁ&t' bles into the
filtrate. S. Patent 4,5 63 discloses a filtration cartridge formned

froma plurali tnybPOSgb%@WaﬁhPfOfdatSﬁmﬁ prsdide eseraidts R ing a separate exterior
housing. The car ¥} d étlﬁeé{ﬁg(ﬁﬁ'séri%?\bv% pﬁéa{é@@arhlﬁ &Heb ?%Q@no@%l d up vol urme

which results in sanple -A-4940 |sc ses a filtration
cartridge with acrttloaba@h@“@f@@ﬂ%&iﬁmﬁgmﬁeﬂﬂzlﬂg diaimﬂcéwtlcaim@daﬂrb@mt@m end cap having
a fluid outlet. AnO ped supporting
pl ates formed w | alHtr?ﬁc{ OF’g%ﬂéggf%g%E%?:d%%{)emrﬁééglﬁdppfﬁa%ﬁgéﬁg%r ous nenbranes
covering the obvemstercEndhcreessetresosess fanexdsctivles intedhedilipipor t i ng pl ates, The

supporting plates are §%Pe%?{1§0?'6é§’dl BQeg%'ﬂLr%(o’H%Eln’&%f&m%&'f&%ﬁ) g’osed Wi th annul ar

spacers such that a f ow pa forrre in the cen t he spacers is
caused to commnbloraﬁtyeof\sﬁabwed fillaiof incduep atdisvioga ﬁelpaatsap@@rmausi@g plates and the
outlet. The flui i is distributed to

d,. a
t he internal spaglée Cgrftr'c{gﬁé uﬂ%ggaﬁlﬁé'n%?dga??gaﬁ ngp;gvoi}%eg\}pg {eﬁ%tsfnl ow pat hs forned
on the supporti ngnpledéses whil e passing through the nmenbranes.

US- A- 3398833 di scl ose r.siml filtration cartridge where the top and
bottom end caps are e@%g'gg‘@g&sd&‘ﬂa?stagﬁrét@fﬁ§?r{”? V@tﬂlaﬁﬂ? GBQJ?QQ?""W@L?Q ng surroundi ng
the periphery of filidigletshas Kot ehd &arpaévuglaamle@utreDAﬁ@nénhmlng&mnrﬂd@b space through
which the fluid to be filtered is distributed into openings in the outer

periphery of theSiGKof deoshapa PrRaftiag Riates ormgg ity m@t'%wﬁ@wm ht@dprovi de a

filtration cartr bIQr%Fcﬁﬂ&bé'n{éﬂnb@nés%\@ﬂnJ thd doh@td 20 RESRARGs 8f theow hol d up vol ure.
Such a cartridge wou rovide large capacity filtration with m ni num sanpl e

| oss. Summary of SYPR&EUNIMASSL fihe spporting plaﬁﬁ@reﬁ%@@twﬂv e glisetingly provi des a

filtration cartr bﬁ%oe% witeih 08 dpicBrsGh R drowaBiieRbeed rerhpdipaRpt s are defined
in the dependent clains.
the spacers is caused to communicate with the flow paths on the supporting plates

and the outlet. The fluid to be filtered, after entering the inlet, is distributed to the
internal space of the housing and from there enters the flow paths formed on the
supporting plates while passing through the membranes.

US-A-3398833 discloses another similar filtration cartridge where the top
and bottom end caps are expanded so as to constitute the outer housing
surrounding the periphery of the stack of filter plates to form an internal space
through which the fluid to be filtered is distributed into openings in the outer
periphery of the filter plate stack.

It would be desirable to provide a filtration cartridge having
alarge filtration area and a low hold up volume. Such a cartridge would provide

large capacity filtration with minimum sample loss.

Summary of the Invention
The present invention provides a filtration cartridge as defined in claim 1.

Preferred embodiments are defined in the dependent claims.



The present invention provides a filtration cartridge forned fromone or a
plurality of filtration units which are stacked and bonded to each other to
assure fluid flow froman inlet to the filtration cartridge, through at |east
one nenbrane and through an outlet fromthe filtration cartridge. The
filtration node is dead ended, nornal flow filtration (NFF). Each filtration
uni t conprises one NeffanaRS BRI HHoviRbad frbn aMRigFRMYIGDSR osdpROr t pl ates

seal ed together at their inner and outer peripheries. Each menbrane support

pl ate has f firsplugliy ¢faiationniits whisteae plackstiont desled IR ep¢h atheploiagtrenenbr ane, such as
a singl e nmenbrang o, oGAARRELEE IR LR8N AL A8 o £cenbrane | ayers
i's bonded to eacﬁwﬁo the Pﬁsto anlgaéegonlggéur#%gae 0 Oear(g menbr ane support
plate. The filtrandtyaugban ouwtledye thesfiltigh anceidiiside. wha iradierinasla jssieacone havi ng an i nl et
and one having a ' - ic - i solation plate which
prevents fl uid f?%“%%h@t@'ﬁgﬁ?ﬁwrﬁf%??hé'ﬁfaiﬂﬁ%b'ﬁ%méﬁ%@ the " ATt 1 ui d def | ection
plate is seal ed tmembrhee sugportiplsteloatvio oremprlace wipreor gl afem sested tngsthérat itéir ect i ncomi ng
fluid to the out radi al 10 f i i it i,ef Description
of the Draw ngs %Rerﬁﬁag(%ﬁj%épﬁgﬁqei'e%ﬁﬁéérmsebg%{} % %/ng(%tiarﬁea\}\?q%fg Pq}ﬁéﬁqaf)%nrd ation cartridge
of this inventi oasecBhdyurae 2efiltrtiorameper Bpeath age swylewebraidveabot t om surface of a

fluid defl [ | at. dinithe fil ' 1.d f this i i on.
Figure 2b 1o a pEPEBUEr e 1 A gechast B Eae el E e 1EUPa def 1 ect i on

pl ate of Figure Rafirst and secokd @idce ok@ch mensbrdneistippont Matewhefitraosecond surface of a

menbrane support plate utiJized in the filtratjon cartridge of this invention.
Figure 3bis a t& tr'(ja/%eéwr%’fde‘?iw qnd paps e BaviR0 g1 '”{ehaé‘dﬁ%entﬁ"% %‘E%‘port pl ate of
Figure 3a. ERh@hd &p&Csehl&d 18 a€ @SB S8 Whist@bvelts W Bdm dnbeeindbi | et of the

menbr ane support plate of Figures 3a and 3b. o
interior of the end cap. A fluid deflection plate is sealed to the top isolation plate

and functions to direct incoming fluid to the outer radial portion of the filtration

units.

Brief Description of the Drawings

Figure 1 is a perspective view of the filtration cartridge of this invention.

Figure 2ais a perspective view of the bottom surface of a fluid deflection
plate used in the filtration cartridge of this invention.

Figure 2b is a perspective view of the top surface of the fluid deflection
plate of Figure 2a.

Figure 3ais a bottom view of a second surface of a membrane support
plate utilized in the filtration cartridge of this invention.

Figure 3b is a top view of a first surface of the membrane support plate of
Figure 3a.

Figure 3c is a cross-sectional view at the outlet of the membrane support
plate of Figures 3a and 3b.

Figure 4 is a cross sectional view of a filtration cartridge of this invention
having two filtration units.

Figure 5ais a perspective view of the outer surface of an end cap of the

filtration cartridge of this invention.



Figure 4 is a cross sectional view of a filtration cartridge of this invention
having two filtration units. Figure 5a is a perspective view of the
outer surface of an end cap of the filtration cartridge of this invention.
Figure 5b is a perspective view of the inner surface of the end cap of Figure
5a. Figure 6a is a perspective view of the bottom surface of an

i sol ation plate havi nFQ%LEr’e 38804 pPdpedibevidd dride @bl £ablihd g8y this invention.
Figure 6b is a perspective view of the top surface of the isolation plate of

Figure 6a. - Figrpbure 7 is an expl oded cross sectional view of an
alternative filtrati OFEP?:LE ik 4 Qe fidh &tHe@MtEHéuﬁé&eHﬁdnliéo%{id?ug)la%”e menbr ane
support plate. . igure 8 i's an expl oded cross sectional view of an

al ternative filt haingenentafthafitdte cotridohifshidipvgetioni on utili zi ng one menbrane
support plate. [l OALr LS 2 t ' - ottom surface of
the bottomisol ation E)' déeg% 'ﬁ? ?%pgglé@'%?{fﬁg?@gwar%le éﬁgtrgew%ofamﬁ%aﬁer@ 7.

Figure 6a.

Figure 7 is an exploded cross sectional view of an alternative filtration
cartridge of this invention utilizing one membrane support plate.

Figure 8 is an exploded cross sectional view of an alternative filtration
cartridge of this invention utilizing one membrane support plate.

Figure 9a is a perspective view of the bottom surface of the bottom
isolation plate utilized in the cartridge of Figure 7.

Figure 9b is a perspective view of the top surface of the isolation plate of
Figure 9a.

Figure 10a is a perspective view of the bottom surface of the fluid
deflection plate used in the cartridge of Figure 8.

Figure 10b is a perspective view of the top surface of the fluid deflection

plate of Figure 10a.

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, a deflection plate 30, isolation plates 80
and 80a and a plurality of filtration units 26 between the deflection plate 30 and
the isolation plate 80a. Lower end cap 24 has the same configuration as top end
cap 22 (Figures 5a and 5b). Isolation plate 80a has the same configuration as
isolation plate 80 (Figures 6a and 6b). Filtration units 26 are made by bonding
two membrane support plates 58 (Figures 3a, 3b). 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 inner and outer peripheries.
End caps 22 and 24 are provided with fittings 28, 36 respectively adapted for

connection to an outlet conduit of tubing or the like which is attached to the



Figure 9b is a perspective view of the top surface of the isolation plate of
Fi gure 9a. Figure 10a is a perspective view of the bottom surface of
the fluid deflection plate used in the cartridge of Figure 8. Fi gure
10b is a perspective view of the top surface of the fluid deflection plate of
Fi gure 10a. Description of Specific Enbodi nents Referring to Figure 1

a self Conta'nedﬂﬁkﬁ?ééé'ﬁmmﬁ%Q%%MQ&ﬁm%@ﬂﬁﬁMé@&koﬁﬂﬁmﬁ%ﬁ@Qbe 0.5 square
meters of filter area, is shown. The cartridge 20 conprlses an upper end cap

22, a lower end &@rp)thznutletapfaraaffm@ttttatt@heqdpé@@hs@bydagt@mfr\obﬂhow ates 80 and 80a and
a plurality of fFllttM%do nsuglgmue%ﬁorp%\ee%fﬂtﬂﬁoﬁimé%B;rfarwa%@ate 30 and the

isolation plate 8 e sane configuration as top end
cap 22 (Figures demhﬁa$b§mﬂB§bM&bY@%ﬂﬁ@éﬂ%§@0® has the same configuration as

i solation plate 80 (Fjguy N o o= Y [ re made by
bondi ng two nenbrane support ° P@gﬁggwfﬁ#é%pgiggngﬁg%é8%?%?erabIy t he end
caps 22 and 24 amdendhibrofigh the etlicam2impersit A6 veating cbéir ftomethssféiraiorpl astic nmateri al

and are sel ecti V%Art}’dgﬁﬁlsqgf’%p ﬂ%ené Comae gor%% prmglr%% e gémnﬁ‘?/gb’e”t at their

i nner and outer peripherie ca S are i th fittings 28,
36 respectively ad&pka@n&ﬁoenmmmacmndmmmmﬁaumauﬁwebp@hmduw&ﬂaﬂhtub|ng or the
li ke which is attac

s 28, . Fittin 8. conprises an inlet
Lo the stack of P TRITIGH" ks SRRy eHaZ sl et G EERGu ¢ *at tached to
it such as by C|aﬁbMﬂgaém&bn$h@ﬁﬂémﬂ%ﬂkaﬂ@m@ﬁaﬂ@mD@ﬁSes an outlet fromthe
stack of filtration units dui t d,to it such as
by cl anpi ng (not shomﬁf“’a(Wé%a%gﬁ@ﬁ$'§é§' ”ﬁﬁ%ggﬁ$?§ﬂq%% 96§Cfs attached to
the isolation pl ﬁtrﬁloﬁﬁhltélmlF%és&ﬁ‘rdﬁghﬁt’@ﬂ%@h rleMEraBRahithiaPe ddckid® pernit the
venting of air fromthe filtration cartridge at start-up. This nmay conpri se,

for exanmple, a nﬂﬁﬂ@”WVS%ﬁéﬁmﬁﬂuﬁﬁﬁﬁﬁ”%ﬁﬁﬁﬂ”w¥mSBQWQHp%ﬁ“é%haust air and
thereafter cl osegycEdssap 24 is provided with a vent 34 simlar in structure
and function as vent 3% and an outlet 36. Vent 34 is attached to isolation

pl ate 80a and ext endsR¥HINIIRYHIUEGFE2@apbpa fiuid deflection plate 30 is shown having

a top surface 38 and a bottom surface 40. Top surface 38 of plate 30 is bonded
such as by thermal welding to an inner surface 85 on isolation disk 80 having a
fluid inlet 82 (Figures 6a and 6b). The prongs 48 are bonded to inner periphery
surface 81 (Figure 6a). The outer periphery surface 44 is bonded to outer
periphery surface 79 (Figure 6a). Top surface 38 of plate 30 has, at a central
location coincident with a fluid inlet 28, (Figure 1) a plurality of the prongs 48
which provide spaces 50 to effect fluid flow therebetween. The bottom surface
40 includes a flat inner peripheral surface 53 which is bonded such as by thermal
bonding to flat inner peripheral surface 56 of membrane support plate 58 (Figure
3b). The outer peripheral surface 54 is bonded to outer peripheral surface 57
(Figure 3b). The fluid deflection plate 30 includes peripheral fluid pathways
(holes) 6 which permit fluid flow from spaces 50 to surfaces of filtration
membranes as described below.

Referring to Figures 3a, 3b and 3¢, a membrane support plate 58 has a top
surface 64 (Figure 3b) and a bottom surface 62 (Figure 3a). The membrane
support plate 58 is provided with peripheral fluid pathways (holes) 66 to effect

fluid flow through filtration membranes as described below. The holes 66 and



In use, aliquid to be filtered enters inlet fitting 28, passes into the stack
of filtration units 26, passes through the filtration nmenbranes within the
stack of filtration units 26, as hereinafter described, fromwhich the
filtrate passes out outlet fitting 36. Referring to Figures 2a and 2b, a
fluid deflection plate 30 is shown having a top surface 38 and a bottom
surface 40. Top gideafigurea0hd B) Birde3MnbPorRonisdd U6 RAuidoutifier mal wel ding to
an inner surface 85 on'isolation disk 80 having a fluid inlet 82 (Figures 6a
and 6b). The pr ofitpsted Bergihwugio Mpdgttanbsifamedr ispevidpthwinprongs §dedns1 (Fi gure 6a).
The outer peri ph@ﬂa}fes%rtﬁefe‘ﬁgwé% td ;?]er %Qiefﬁjroﬁgﬂtk@lééﬁés RETHMBRLYsuiktel ace 79 (Figure
6a). Top surface 38 of plate 30 has, at a central location colncident with a
fluid inlet 28, (Hsguded o)y secopd renatiraneypurpprt plife hayino thgsemBdegiii eh provi de spaces
50 to effect fluj I T ASur i ncludes a flat

i nner peri pheral bgtﬁ&fsgr\éggé %H \%El@%:k\r&ﬁ@atl%%gsé%p%tgg%%g t{?@%mhégoﬁal bonding to fl at
i nner peri pher al ssiaee tdaebob&dsfichrae bthermel bondiyde & sqobraitremb@ng tipgur e 3b) . The

out er peri pheral 54 | nd ter i . al ace 57 (Figure
3b). The fl uid d@?t?égﬁfé?“ne%ﬁ”% %Bﬁast?%@%ﬁ%%%-em"@ ef@%@l“&?ﬁ%at hways ( hol es)
6 which permt f twintbnibteossuppoim pattesorh® 68 ae sundédio engfof he kdweat i on menbr anes
as descri bed bel ow. , ”I;'{eferri ng to Fi ﬂr §§ %eﬁb 3bf an@2 3c, a nenbrane
support plate 58cwg%uraé'o'1%]p essl?f’?ngéng %rﬁne(%f)% P 633 lito Rey oqatS m surface 62

(Fi gur e 3((31)h. | Th$p|n@|nb@fam$?mmfvz wfﬁdf?ilt@nﬂ@wiifﬁa anrm}yiodmﬂ fMivtpﬁthspeH) pheral fluid
pat hways ol es 6 to e t ui w throu iltrati on menbranes as
Foscr bad' bel ow 7HebbiTes Shahatis oy a8 g orr Gares? 34 HAT St ean be al i gned
or nonal i gned sowlometiesmdnbkiings. Ebdwitrbion @kinBetedin thheries e aughe The bottom
surface 62 is provided with prongs 68 having spaces 70 therebetween to permt

fluid through t hBeBpHaedYyePEUCPRETHGHIESIMSEPTalberdY fid Sbeiaed"to a second

menbrane S!Jpport_to?%@da@ei%\(ijéﬂgotit)@ﬁaté?@d@igd@%)%ﬂd i@%ir&%ﬁ?éamlﬁddwa@%@ 62 in a stack
of filtration units 26 as described below. Th surface 64 is bonded such

, e \ e top
as by thermal bohdsigrigse &) Jeengnet sEpir AneoW ey bF pasprogetiitieidyi ng t he same
design as the toperdre E&ibli®ebprma filtration unit fromtwo nembrane
support plates, the prongs 68 are bonded to prongs of the same configuration
on the second nenbr angefgingporigud dedliraBprerbiagesdicorarsessriomend cab pl ural ity of
plutd fLow parhsylan Whiehoae: beT0Bkeidbl B MG %, aliddih d Tl ow paths 74 on
top surface 64. The ow Bat hs 72 and 74 on surtfaces and 64 are covered
with filtration pelaiiezmds boteachd £4pl2r ati on menbrane can conprise one or nore
menbrane | ayers such - it e ] lsnG om | wi d. contacts the
top surface 38 of defiﬁezeéltqn%gégﬂ A |8G§J(;RE %llgu?eg ﬂg'g%rggﬁ%rgldse%gr'@%t ed radially
outward to hol esfithg(ZBitguentect 2iH) defiRtiongae &8 Tlauiuidpassds fehweedprongsl4@t 76 for passage

o [1Lirate. et GG ea Oh SR G, DALy LBLGHAR (0 £ 2ined e
defl ecti on pl at e(F&ie 2a) dnd holessd6i(Biguraibe) tTh2 Bed il daswet ater @ theh dtr@gll02 and a bott om
end cap 24. membranes 96, 97, 99 and 100, through the spaces 70 between prongs 68 (Figure
3a) and out the outlet fitting 36 to be collected as filtrate.

Referring to Figures 5a and 5b, the end cap 22 (as well as end cap 24) is
provided with an inlet 40 and a hole 46 through which fitting 84 (Figure 6b)
extends. Inner peripheral surface 52 and outer peripheral surface 86 are bonded
respectively to surfaces 89 and 88 respectively of isolation disk 80 (Figure 6b).

Referring to Figures 6a and 6b, isolation disk 80 has a top surface 83
(Figure 6b) and a bottom surface 85 (Figure 6a). Disk 80 is provided with a fluid

flow path 82 which can function as either a fluid inlet or a fluid outlet as



Referring to Figure 4 in use, incomng feed fluid to be filtered enters inlet
fitting 28 to contact fluid deflection plate 30. The fluid passes between
prongs 48 through passageways 50, and travels radially outward and then

t hrough holes 6 (Figure 2b) and holes 66 (Figure 3a). The feed fluid passes
over and then through nmenbranes 96, 97, 99 and 100, through the spaces 70

bet ween prongs 68l @rdiSy. $I§les@'8@|s%l=&ndéoh/ﬁth%%hg§é4 fHethtlh@Qﬁl 36 to be collected as
filtrate. Referring to Figures ba and , the end cap 22 (as well as
end cap 24) is pP@WigRed hawsing foap vempaear 34 (riclied) t@phrmlt@aw&etqﬁ@as@gh which fitting
84 (Figure 6b) extands ndaifhe RAFERPEKRA sl HRSopRerABE: QULREy Per i pher al
surface 86 are bﬁi@e reestec?? vel yr ”ﬁ({]?%agés %5) r% 88 respectively of

i sol ation di sk 86Hc( F$ yihesm@lbynding to the bott%ﬂéﬁa(?ei&%@f@d cfl at ésouBa and 6b,

i sol ation dISk 8 r m surface 85
(Figure 6a). Ber@@é?alﬂat%@%\c}ef téaﬁ&tp %ﬂ%h&g Isg&é §§§(P@r8§t§ihﬁ%%?%fch can function
as either a fI ui derlplnﬂrmsurtace%)lsftboud&d toiondr periplsesal s@’ee&:&ﬂd{)mﬂ che?lw. The disk 80 is
provided with a [Iﬂ|tLJFe5rB 84. The fitting 84 conprises a housing for a vent 32
or 34 (Figure 1) {0 permt passage of gas or liquid fromthe cartridge 20
interior during startReﬁqmnngTdnlégw@ptf&tﬂlhéraarmd@mﬂsorrbdmdedbpeedjcdp 2as by ther nal
bonding to the bptto urf f en p ter peripheral flat
surface 88 to ou? |de 8Opbsﬁélﬁoﬁlp%§e§ OBéSOlﬁ%mf)Eﬁéo S@O toglu its inner peripheral
surface 89 is bouodediot plate BM& thep esspdpieroater ﬁdrnﬁ@(éaa@atgufffaoe{ld cap 22 (Figure 5b).
Referring to Figure 7, the filter car r|d 104 c i.ses top end cap 22
bonded 1o top | SHPERIBAZEIREAoHE! CTEI Lo G G BOREH e bonded t o f1 ui d
defl ection plateogdd aad inidh8djdcefit@sipastisviecQubial 5end bbid@heddj acent surfaces.

Defl ection plate_30 is bonded to nenbrane support plate 58 at their respective

outer and inner Hbfigeesmbraes PH#EY4IMegbrane suprO eIt B3deddebWBRded t heret o

filtration menbrapgsn I@te&ﬁ@at%&r rMRIINE RNE! a‘ﬁél'lfhﬁé?ra@ijad%h@e@phéﬁl duSaceonded to bottom
isolation plate 108 at their respective outer and inner adjacent peripheral

surfaces. BottonPPeslietaienian Weés beeisd i@o%ﬁﬁ“@(ﬁaii%ﬁ‘ lseletiopARieRY cap 24. 1sol ation
pl ate 80 prevent §retBH!S(HoIHQp fdldﬂo% AP 18 UrBEA0 S KRR ASe %Fbre%gnts I sol ation plate

108 prevents hold up liquid fromentering bottomend cap 24. Referring
to Figure 7 in ubdd unIlﬁw@mmgﬂ%@@pﬂpmmctpap84 be filtered enters inlet fitting 28

to contact fluid defllgéfén'l go ﬁétﬁé?m%ge indc gfééd'ﬂgld[%ao% ﬁ'e?ed ﬁkﬁ@rﬁé’f prongs 48

t hrough passageways 5 avel s radi a outwar en through holes 6
(Figure 2b). Thefiffirged tddouta@ﬂmééﬁe@@mmﬁhﬁl@chH@ﬁSSBwaGb’@ghPWES% anes 96 and 97,

through the spacgs uéh?pa?%‘g%%fai?@d%@ﬂ%%lsr§d|£||l/: Ear%%?mengﬁ?&pﬁ%l?éﬁ“e outlet fitting

36 to be collecte errlngto |gure ter cartridge
130 conprises a thapreghd The feed fluid passes over and then through membranes 96 and 97,

through the spaces 70 between prongs 68 (Figure 3a) and out the outlet fitting 36
to be collected as filtrate.

Referring to Figure 8, the filter cartridge 130 comprises a top end
cap 22 bonded to top isolation plate 80. Top isolation plate 80 is bonded to fluid
deflection plate 110 at their respective outer and inner adjacent surfaces.
Deflection plate 110 is bonded to membrane support plate 58 at their respective
outer and inner adjacent peripheral surfaces. Plate 58 has bonded thereto
filtration membranes 96 and 97. Membrane support plate 58 is bonded to bottom
isolation plate 102 at their respective outer and inner adjacent peripheral surfaces.
Bottom isolation plate 102 has the same configuration as top isolation plate 80.

Bottom isolation plate 102 is bonded to bottom end cap 24. Isolation plate 80



cap 22 bonded to top isolation plate 80. Top isolation plate 80 is bonded to
fluid deflection plate 110 at their respective outer and inner adjacent
surfaces. Deflection plate 110 is bonded to nmenbrane support plate 58 at their
respective outer and inner adjacent peripheral surfaces. Plate 58 has bonded
thereto filtration nenbranes 96 and 97. Menbrane support plate 58 is bonded to
bot tom i sol ati on,plAk@old P 188 rdh&itdring f%&@r%(‘cfab Y? Is‘al'alﬁo‘ﬁ'bla%ﬁﬁz bBRGE adj acent

peri pher al surfaces Bottomisol ation plate has the same configuration as
top isol ation pl btleurdiquid Bem entaing kabpra encorar pt- 5@@”@@)@ Figgre§oneidt o bott om end cap
24. |sol ation pl %E@fhﬁﬂo b&ﬂt@ﬁé%ﬁtff Fr‘\%lfﬁt nH B3 Fogbﬂté%tﬁufocb@lé%mﬂ ra&emgotop end cap 22.

| sol ation plate 102 prevents |qU| romentering bottomend cap 24.
Referring to Fi gufﬂéeﬂug pa$8ﬁ$:lmtwaﬁ@prf3fmd8 fhrauprobpaseageneay$ $Q andtrevdlsaadiay s inlet fitting
28 to contact fl prat 19 ween prongs 48

t hr ough passage\/\glﬂ\garg@ Ouﬁﬁ eQH‘ve:r@e f?geéj ?SI&%V% e @ro @ﬁﬁeﬁrﬁjﬁéﬂg%l es 111. The
feed fluid passeS6 avér, t@q@h@@cmﬁ@memﬂmage% (©igurafa aBdqut fnlapmjllegh spaces 70

bet ween prongs 6 F u out the outlet fitting to be collected as
filtrate. %H& J')sgea ﬁer?%g ﬁtpaq? ack of elenents as descri bed above to their
out er peri pheral surfmam@mdshaﬂ«téelerp@tsuq@ldmcaﬂedshnvé@dl%'outbrhe need for an outer
housi ng to prevent Flgure 9a and
0b. 1 ool ati bn df SKPHE8 et By BEPRLESrees taneelhal Llshiubif Ged 173 D <k
108 is provided wietdnt leekbdeus eiminbilew path 82 which can function as either a fluid
inlet or a fluid outl asdscr i sk 108 is provided with a
fitting 84. The fi ttlﬁﬁe”@@ Koo} 1ol asaé‘ggwfﬂ'@f'qq&'s?g%q‘és YR8 E 108 permit passage
of gas or |iqui darfdrmmnh@rfa@mtwImlsgeo@%romww@ﬂuldmlpatgza@wm up. The top
surface 109 is bonded such as by thermal bonding to the bottom surface of end

cap 24 at its ou‘Eqné‘ﬂ”C%ra?Eiﬂ‘érraaﬂcW'df”]'%Pr %Wpfoé@éa%ﬁsct”tﬂedcﬁ??\@rﬂﬁéﬂskpher al surface 86

(Figure 5b) and '1(§8Ssbr&f‘t%ﬂw@rﬁéﬁtﬁh@%ﬂﬁhefthr@%@é#ﬁsﬁr@&%o&%g'fo‘ﬁabéhng}ﬁd to inner
peri pheral surface 52 of d ca Cap 24 has the sane

24 ,
confi guration ast%wltﬂssaw%Rasm@UidérO@ﬂWﬁra@ae nferigrrngstatt s havi ng spaces

119 ther ebet wveenThRp0RE5cLdPis BEReLARIRDy LR B8R BhePbidH $Race8 (Figure 3a) to
provide fluid passageways that communi cate with outlet 36. Referring to

Fi gures 10a and %0Bd caplZdiadts@etfel regiphierhfighpusipes 88 1poufesessivirr @ eiréced® i ncl udes a set
of Dottom prongs ez sl g SR BaBRy é‘rﬁé‘[sﬁrﬂ%@qﬂo\w&ﬂo Aflbr pakhem sur face 116. An

i nner peri phery face 118 is' s to I nner peri surface 71 of

menbr ane suppor t syfaeet & o6& d(Chi YuFieurgsh). Camﬂéhasdlpﬁs@mef:mwam@a&vas top prongs 48
havi ng spaces th as described above
(B gure 20y The sral 5 TRoRRTWiHPakS 1balind B8-S A ARRNEE. &2 Cor 0 "y be
used for size exEioogsildmakibbridedioipongs Gorf didide kFigures3aplamtovidd el of a size greater

than that of the pores. Qﬁhafga%mﬂﬁgg?ervﬂm%utﬂ% prevented from fl ow ng through the
menbr ane. passagevay '

Referring to Figures 10a and 10b, fluid deflection plate 110 (See Figure 8)
includes a set of bottom prongs 112 having spaces 114 therebetween on bottom
surface 116. Aninner periphery surface 118 is sealed to inner peripheral surface
71 of membrane support plate 58 (Figure 3a). The top surface 120 has top prongs
48 having spaces therebetween and function in the same manner as described
above (Figure 2b). The plate 110 has holes 111.

The above invention may be used for size exclusion filtration, in which the
particles of a size greater than that of the pores of the membrane are prevented

from flowing through the membrane.



Alternatively, it may be used with other types of filtering nmenbranes. One
such type of nenbrane is an adsorber nenbrane which contains a chem stry such
as an ion exchange chem stry (anionic or cationic chem stries) or hydrophobic
interaction chem stries or affinity chem stries such as Protein Aor G
l'igands, which bind selected constituents, generally contam nants such as host
cell proteins (HCP), Ridgh@bg, |%y@§use§0ﬂ@ét%tyﬁé of MisfitgSRehbrfL- and renove them
fromthe fluid stream Alternatively, the chem strcé can bind the desired

mol ecul e (pept i den® iyt Emambrantis @b@wfb%ﬁ@mbfﬁ@ Whick égntainsch ca¢Migy t he r emai nder
of the fluid andsich s GABPABEASNEASH @rkbf SRt ndf8idipgror ane(s) are then
washed to renove any resid ma eria then the desired nolecule is
el uted fromthe hulrdshebiventésgctien Cdﬂhfalﬁfg@s ar ﬁfflmltMehemISql@i? ehcli pHroteioRiocGst rengt h, etc).
CLAI M5 What is c 4 havmgaflwd
inlet (28) and a@ d}?\gmh]b ndA?l&! 4&?? ﬂ@ﬂs fljé%rtaf Cgagn'ﬁ%%kS%g]faS%ﬁg%r%lnt s including:

a top end cap (2@ptehaiH0iy nudeé a‘CIdeueddqtcmlhetVIrL(SQsB}tp aad obvadheneingh tbap (24) havi ng
the fluid outlet fILgic?s?r)eam. Alternatively, the chemistry can bind the desired molecule (peptide
or protein, antibody, and the like) and allow the remainder of the fluid and its
components to flow through. The membrane(s) are then washed to remove any
residual unbond material and then the desired molecule is eluted from the

membrane by a change in the liquid (pH, ionic strength, etc).



a first isolation plate (80) bonded to the top end cap (22) and to a
deflection plate (30; 110) at respective outer and inner peripheral surfaces
t her eof , a filtration unit (26) conprising a nenbrane support

pl ate (58), the nenbrane support plate (58) having inner peripheral surfaces
(56) and outer peripheral surfaces (57, 73) on each of a bottom surface (62)
and a top surface (64), filtration nenbranes (96, 97, 99, 100) bonded to the
bottom surface (62) of the nenbrane support plate (58) and to the top surface
(64) of the nenbrane support plate (58 ANEnd peripheral fluid pathways (66)
radial l'y inside g outeLy peripheral surfaces (57, 73) to effect fluid flow

t hrough the nenbranes (96, 97, 99, 100), the deflection plate
(30; 110) having i nnet. 6émﬁbhewbﬂméﬂ?ﬂéd@§h@ﬂ@ﬁﬂwémkbﬁﬂeﬁd@émdpheral sur f aces
(54), and peripheral fl t de the outer peripheral
surfaces (54) which pergggt@ﬁ(ﬁﬁ®¥ﬁ8gQ%d&gg%?égzghgﬁbthe filtration menbranes
(96, 97, 99, 100), wher ei ratofead nend?) hadg teuipidore () ate (58) is bonded to the
def | ecti on plate (30; 110) dj pheral surfaces (53; 56)
and at the adjacent outerapbé){rmlnfo%1 %1&§ W“é%gmﬁéﬂgfgé to formseals to permt
fluid flow to the surfaces fiotistibtien platk {30pkdndl tovdertop amsp (RBand®/3 99, 100)

t hrough t he peripheral pl ate (30;
110y “and the menbraia eisbar VoG BB et Ak g bebbBAGT SR b ac e (80a:
108; 102) bonded to the batfitatoneni QGannwgﬂga&@ﬂMbmnmhﬁﬂ@Eﬁmwam% support plate

(58) at respective outer and eri pher surfac er eof ,

Whor et 1 he of entRrEat e g Pal Rtk E e Ao e 0 ARUBEL T ve ad] acent
outer and inner BglipReRBifaBRIGPYEbRback U fREGSs BN Bt a thy wrféloezdi@w paths are
formed fromthe fluid inlet %@d; t hr ough t he Eerlpheral fluid pat hways (6;

66) of the defl eltrflighmpntianss (8% F1 ) kehepdds he PlomentFakRe Ehpport plate (58),
through the mnbh@rﬂ@@ne(s%ﬁ)ort%lzte @%ndl@% @Qfa&@(@@légllﬂe Fnaﬁbrgr{eléhﬂ)o@m let (36) that

prevent fluid feed f omthe f i nl et fromb aSS|n% t he nenbranes (96,
97, 99, 100).  plae 5813 andmépheral fiurdaoﬁhws Haﬁ'ﬁlbr@@'d@%outqr@&ﬂ §30) of Claim1,
conpri sing: surfaces (57, 73 ﬁ‘)tefféc‘?ﬁﬁ&ﬂoﬁonJgh Ik FRkbafes Yl 87 o 460), Wher ei n adj acent

menbr ane support plates (58) of the filtration units (26) are bonded to each
other at the adjacent |nnéW”b@ﬁWwﬁ@ﬁdBOéﬂ%ﬁ@@@ﬁmﬁmﬁm@ﬂaﬁﬁ@%aﬁﬁﬁcent out er

peripheral Surfagr?ﬁjtérgentpﬁ)%épsﬁ%@ésﬁmt) %ntﬁ)ﬁeﬁg}%ﬁﬂtﬁd u&é}p@aﬁ%ﬁ’a naL;PHél&”t ering the

fluid outlet (36) except avi assed | ranes (96, 97, 99,
100). 3. thheutermlerﬂnharlalisorrﬁaoeaﬁfr mhtst@eerr(nm‘dh,ld fmwzlo sutf@®ey ofdfe filllaidnm 1 or 2, where

the filtration c %Br‘fzrﬂeg%afes: @C%(}’?@g mJRérQiﬁ%% fetBran@Bupport féte (B RborfiEd | NI NG spaces

t her ebet ween mnt
to the deflection plate (30; 110) at the adjacent inner peripheral surfaces (53; 56)

and at the adjacent outer peripheral surfaces (54; 57) to form seals to permit fluid
flow to the surfaces of the filtration membranes (96, 97, 99, 100) through the
peripheral fluid pathways (6, 66) of the deflection plate (30; 110) and the membrane
support plate (58), and a second isclation plate (80a; 108; 102) bonded to the
bottom end cap (24) and to the membrane support plate (58) at respective outer
and inner peripheral surfaces thereof,

wherein the elements of the stack are sealed at their respective
adjacent outer and inner adjacent peripheral surfaces such that fluid flow paths are
formed from the fluid inlet (28), through the peripheral fluid pathways (6; 66) of the
deflection plate (30; 110) and of the membrane support plate (58),
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4. The filtration cartridge (20; 104; 130) of any one of Clains 1 to 3,
wherein the deflection plate (30; 110) includes prongs (48; 68;; 112; 115)
havi ng spaces t herebet ween. 5. The filtration cartridge (20; 104; 130)
of any one of Clains 1 to 4, wherein the nmenbrane support plates(s) (58)

i nclude(s) fluid pathways (72, 74) which permt filtrate flow fromthe top

surface (64) and fromthe tth?argh%‘rr%h%ﬂ‘aﬁé‘s%@( 62 b9 qt)(%i%ﬁ&thro h tid¥gigmenbr ane suppor t
plates (58) to the fluid outlet (36). ration cartridge (20;

104; 130) of anyodne(3Bfthatprayansiut feed fram thatld inleh(28diem bfassingéheend caps (22, 24)
I ncl udes a vent ﬁgﬁg@ggg%ﬁg,%§%%.

2. The filtration cartridge (20; 104; 130) of Claim 1, comprising:
at least two filtration units (26), wherein adjacent membrane
support plates (58) of the filtration units (26) are bonded to each other at the
adjacent inner peripheral surfaces and at the adjacent outer peripheral surfaces to
form seals to prevent fluid feed from entering the fluid outlet (36) except by having
passed through the membranes (96, 97, 99, 100).

3. The filtration cartridge (20; 104; 130) of Claim 1 or 2, where the
filtration cartridge includes prongs (48; 68;; 112; 115) defining spaces therebetween

within the fluid flow paths.

4. The filtration cartridge (20; 104; 130) of any one of Claims 1 to 3,
wherein the deflection plate (30; 110) includes prongs (48; 68;; 112; 115) having

spaces therebetween.

5. The filtration cartridge (20; 104; 130) of any one of Claims 1 to 4,
wherein the membrane support plates(s) (58) include(s) fluid pathways (72, 74)
which permit filtrate flow from the top surface (64) and from the bottom surface (62)

of each of the membrane support plates (58) to the fluid outlet (36).

6. The filtration cartridge (20; 104; 130) of any one of Claims 1 to 5,

wherein each of the end caps (22, 24) includes a vent opening (32, 34).
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