FI LTRATI ON CARTRI DGE Cross- Reference Rel ated
Applications This application clainms the benefit of

U.S. Provisional Patent Application No. 60/925, 774,
filed on April 23, 2007, the entire contents of which
are incorporated by reference herein. Background of
the Invention ThFEL TRWEIONQ@AREREEE to a filtration
cartridge and nore particularly to a filtration
cartridge free of a separate exterior housing. Menbrane
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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



cylindrically, or have been pleated for disposition in
conpact housings. Holders | for flat nenbranes are

| arge, for a given filter area, are usually not

di sposable, and also require disassenbly, cleaning,
reassenbly and testing with each change of filter.

for NAahdistafds dré R@gd, €or efileé: addapateasusly easlisposable,
concentrations at the folds, permits flexjng %f t he
c

anfl ralssgurecenmmsmy,.ql\eaag& reAbsCHRRY 904 tggjtnegrwih cach change
of Lﬁstg{e rfélg %% fl(':?. %e%rﬁ?e@% ﬁ%s%ﬂgsscyonpé?ﬁljaneﬁs e{ttﬂ?e folds,

ream si des and requires ting
pedfilé fexing bEtie\fegile meatbadnet reuentemeably repsres a{pfmleng'mg
seans. Because. of concerns fo ossi ble.fail res at
flqvn eere<sts 8,006 5 heth o hegisirean aad ghyattisam iges api zeauires

poft‘ﬂnllé a%rd/ddrsadﬁ f%rs 't 1 8R&Add Bh P& ekiGppinth bdhnk, Q?écﬁﬁ%e of

ges ftor added assurance in cfFitical
- coapqrhs fratpbssilsle filmresent dreplotds, seams; @rands, zi saparate flat final

har maceuti ca and i ntrave ddi t
e e SorLERe DY Pler B anrioi ¢t e pRURRe L
crﬁi%ﬁlt ggﬁgﬁlong GBS &)fa‘ﬁﬁﬂé QH steAG#i83 pRSid0EutRAl4 8 $ntfdenous

extr les into iltrate. U S. Patent 4,501, 663

fluids dmcasldmoa, thie luse aﬁ ;1 mnnb,qrof diffrgent pasiteriads mypiented carfridge

of s acked filtrat d h
ooiBichion iesdisef 8 SO L on SRRl JRF etfoar having
undegig’ ableft 455@110@63 dishéses a flleatia daatidgeiformed e ahi ch

results in npl e loss. Accordingly, it wquld be
Plldltélbt}f @ﬁmt@k@@ﬁbra@vn aeodglesiand paying A S?i%i’?’ﬂtt? PHEEOHAISIG: a
ar Lt a
RSl SRR ERR Qb Mol e U, B,
sdﬂmnn%ﬂwsanple | oss. Summary of the Invention The

present invention oyides a filt t

P or naerordinaboaaohd be destiaife pipvit & fRpiiSH okl hpgine
o PRCBIHiG, RGP IAPHORRISARE ?%Flﬁ%%’f?@%e o
latdercapggitydiltrhtbaswith nenimemip szmple lessd t hr ough an out | et

fromthe filtration cartridge. The filtration node is
dead ended, normal flow filtration (NFF). Each

filtration unit coRhhesofAMEIBAHINANE support plate or
two nenbrane support plates sealed together at their
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fluid flow from an inlet to the ﬁltratlon cartridge, through at least one membrane
and through an outlet from the filtration cartridge. The filtration mode is dead
ended, normal flow filtration (NFF). Each filtration unit comprises one
membrane support plate or two membrane support plates sealed together at their
inner and outer peripheries. Each membrane support plate has a first surface and
a second surface. A filtration membrane, such as a single membrane or a
composite membrane having one or more membrane layers is bonded to each of
the first and second surfaces of each membrane support plate. The filtration

cartridge is provided with end caps, one having an inlet and one having an outlet.



a second surface. Afiltration nmenbrane, such as a
‘singl e nenbrane or a conposite nenbrane having one or
nore nenbrane |ayers is bonded to each of the first
and second surfaces of each nenbrane support plate. The
filtration cartridge is provided with end caps, one
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Description of the Drawings Figure 1 is a perspective
view of the filtration cartridge of this invention.

Figure 2a is a mesrInaetiptih ofteyDedwihfie bottom surface
of a fluid deflection plate used in the filtratiaon
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plgte%%%leﬁ%‘i%i; outl et of the nenbrane support plate of
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cartr s 1nvention. Figure 5b is a perspective
Figue\Baof the inner surface of the end cap of Figure b5a.
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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 5a is a perspective view of the outer surface of an end cap of the
filtration cartridge of this invention.
Figﬁre 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 isolation plate
having a vent of the filtration cartridge of this invention.
Figure 6b is a perspective view of the top surface of the isolation plate of
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.



having a vent of the filtration cartridge of this

invention. Figure 6b is a perspective view of the top
surface of the isolation plate of Figure 6a. Figure 7
is an expl oded cross sectional view of an alternative
filtration cartridge of this invention utilizing one
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Fig@eloni dge of Figure 7. Figure 9b is a perspective view
of the top surface of the isolation plate of _Figure
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platePE Frgugy 9% Figure 1, a self contained filtration
cartridge 20 having, for exanple, 0.5 square neters of
filter area, is shown. The cartridge 20 conprises an
upper end cap D@criptidmmb%peeifd: rapodivhenta defl ection
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24 and the filtration units 26 are of the same plastic material and are selectively
welded together such as with heat or solvent at fheir 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
fittings 28, 36. Fitting 28 comprises an inlet to the stack of filtration units 26,
from the outlet of a conduit attached to it such as by clamping (not shown).
Fitting 36 comprises an outlet from the stack of filtration units 26 to the inlet of a
conduit attached to it such as by clamping (not shown).

A vent 32 of any suitable type is attached to thé isolation plate 80 and
extends through the end cap 22 to permit the venting of air from the filtration

cartridge at start-up. This may comprise, for example, a manually opening valve

which is opened to exhaust air and thereafter closed. End cap 24 is provided with



connection to an outlet conduit of tubing or the Iike
which is attached to the fittings 28, 36. Fitting 28
conprises an inlet to the stack of filtration units 26,
fromthe outlet of a conduit attached to it such as by
cl anmpi ng (not shown). Fitting 36 conprises an outl et
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conduit attached to it such as by clamping (not shown).
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to outer peripheral surface 57 (Figure 3b). The fluid

def | Refeirong tp|Fagweste, Bhoinddssa penibpinsrsappdrt piate Peltanaegn
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
holes 6 (Figures 2a and 2b) can be aligned or nonaligned so long as fluid flow is
effected therethrough. The bottom surface 62 is provided with prongs 68 having
spaces 70 therebetween to permit fluid through the spaces 70. The bottom surface
62 is bonded to a second membrane support plate having the same design as
bottom surface 62 in a stack of filtration units 26 as described below. The top
surface 64 is bonded such as by thermal bonding to a second membrane support

plate having the same design as the top surface 64. To form a filtration unit from



(holes) 6 which permt fluid flow from spaces 50 to
surfaces of filtration nenbranes as descri bed bel ow.
‘Referring to Figures 3a, 3b, and 3c, a nenbrane support
plate 58 has a top surface 64 (Figure 3b) and a bottom
surface 62 (Figure 3a). The nenbrane support plate 58
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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, isolétion 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
described below. The disk 80 is provided with a fitting 84. The fitting 84
comprises a houéing for a vent 32 or 34 (Figure 1) to permit passage of gas or
liquid from the cartridge 20 interior during start up. The top surface 83 is bonded,
such as by thermal bonding to the bottom surface 87 of end cap 22 at its outer

peripheral flat surface 88 to outer peripheral surface 86 (Figure 5b) and its inner



t hrough passageways 50, and travels radially outward

and then through holes 6 (Figure 2b) and hol es 66

(Figure 3a). The feed fluid passes over and then

t hrough nenbranes 96, 97, 99 and 100, through the

spaces 70 between prongs 68 (Figure 3a) and out the
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Dgfrleecytieogtp?ate 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
prevents hold up fluid from entering top end cap 22. Isolation plate 102 prevents
hold up liquid from entering bottom end cap 24. Referring to Figure 8, incoming
feed fluid to be filtered enters inlet fitting 28 to contact fluid deflection plate 110.

The fluid passes between prongs 48 through passageways 50 and travels radially



hold up liquid fromentering bottomend cap 24.
Referring to Figure 7 in use, inconmng feed fluid to be
filtered enters inlet fitting 28 to contact fluid
“defl ection plate 30. The fluid passes between prongs 48
through passageways 50, and travels radially outward
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surface 116. An inner 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 membranes.

One such type of membrane is an adsorber membraﬁe which contains a chemistry
such as an ion exchange chemistry (anionic or cationic chemistries) or

hydrophobic interaction chemistries or affinity chemistries such as Protein A or G



and a bottom surface 113. Disk 108 is provided with a
fluid flow path 82 which can function as either a
fluid inlet or a fluid outlet as descri bed above. The
disk 108 is provided with a fitting 84. The fitting 84
conprises housing for a vent 32 to permt passage of

gy o B4 petede b SR o6y SBRpmRLfen St e
prbRBETRCPYARL]cidadid, B tHahd, QIFuSd! §taGRd rétho i emaPord 4het

Its outer peripheral flat surface 88 to outer

flyé sirgsimer AlteratiYedy.sh@ehentistryeanebigh jheadesirgd molegwe (peptide

per. pheral .flat .synf [ ed Q. r .
o RS0 GBat ) pRYEES iy feDERRBHEA @ Bl s,
coafhoRasts tdBow aieugo NThemeabiads(sparetiRg wkhed I3 inol88ny s
provided with prongs 115 havi ng spaces
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regifug! apbeyndanateripragd dhenithe desired prplerare ltsﬁil%‘i"bﬁ@@ tR® of
' (. Fi : j i ssageways t hat
e S R o A T S s
and 10b, fluid deflection plate 110 (See Figure 8)
i ncludes a set of bottom prongs 112 havi ng spaces 114
t her ebet ween on bottom surface 116. An inner periphery
surface 118 is sealed to inner peripheral surface 71
of menbrane support plate 58 (Figure 3a). The top
surface 120 has top prongs 48 having spaces
t her ebet ween and function in the same manner as
descri bed above (Figure 2b). The plate 110 has hol es
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 nmenbrane are prevented
fromflow ng through the nmenbrane. Alternatively, it
may be used with other types of filtering nenbranes.
One such type of nmenbrane is an adsorber nmenbrane which
contains a chemstry such as an ion exchange chenmi stry
(anionic or cationic chem stries) or hydrophobic
interaction chem stries or affinity chemstries such as
Protein A or G 8 ligands, which bind sel ected
constituents, generally contam nants such as host cel
proteins (HCP), nucleic acids, endotoxins, viruses,
etc. and renove themfromthe fluid stream .
Al ternatively, the chem stry can bind the desired
nol ecul e (peptide



or protein, antibody and the |like) and allow the

remai nder of the fluid and its conponents to flow

t hrough. The nenbrane(s) are then washed to renove any

resi dual unbound material and then the desired nol ecul e

iIs eluted fromthe nenbrane by a change in the liquid

(pH, ionic strength, et A CLAIMS What is clained:

1. Afiltration cartri ing a fluid inlet and a
whatyé lasiid: et conprising, at least one filtration unit,

each unit conprising at |east one nmepbrane support

pl atle A &ltegtionicartridgensyi uid iplsband ailud eutletconmpgising,
filtrati I . e - 4 f th
menbr ane%g bey%%gr f@?%foglq%gtd g%cglq‘gﬁtcgg;phgﬁgf% ggeégto e? he °

mdTEhan@n e e, teag éft the nichtbrarersnpporeplates having jal fitratson
bei ng bonded to each qther, at an, inner peripheral

meypbrERE RondiRd to)f baftors stdaced .ﬂilep%ma{a'ng SYRRQEiEPlRts apg o top
surte@ & thOmRhBY. tsu][glﬁdrwglgtef eed fromentering the fluid
ou y

et except avi'ng passed through at | east one of
t he nenbrtaeembeanesppmtplewp beiag bogdadie eachotbier atlant , a

. bott d havi t flyid | et first
iR SP ARG i AreAdH L0 EEPRer ignd 1o A e Bda grert
ﬂdg? Rledlt N cltbAh SHRARGHutled ekdept fbfhmﬁg pixdeCtpouhdt ldastone

the filtration units, a deflection plate bonded to
ongr thefmetbrahed,t rati on units and to the first isolation

plate, and fluid flow paths.fromthe fluid inlet,

t hr ough t%té’pﬁg%?pali\aélénéjtzﬁgﬁlf%rlloeﬁ’gh the fluid outl et
that prevgpdttohd eideaberdinkrienltideutisl, et from bypassi ng
the nenbranes. 2. The filtration cartridge of Claiml

whi ch i nct igbisplegag Blatraanded Spite &9 endif@Pebet ween wi t hi n
the fluid, (.00 R&bs plate bonded to the bottom end cap and to one of

the filtration units,

a deflection plate bonded to one of the filtration units and to the
first isolation plate,

and fluid flow paths from the ﬂuidv inlet, through the membranes
and through the fluid outlet that prevent fluid feed from the inlet from bypassing

the membranes.

2. The filtration cartridge of Claim 1 which include prongs having spaces

therebetween within the fluid flow paths.

3. The filtration cartridge of Claim 1 wherein the deflection plate includes

prongs having spaces therebetween.

4. The filtration cartridge of Claim 1 wherein the cartridge has a plurality

of the filtration units.
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3. The filtration cartridge of Caim1 wherein the
defl ection plate includes prongs having spaces

t herebetween. 4. The filtration cartridge of Claim1l
wherein the cartridge has a plurality of the
filtration units. 10 5. The filtration cartridge of
Claiml1l wherein the cartridge has a plurality of the
fil to aktiedHtration eartaidge phelagmf] \éhqrm@ﬁhqawatr@gp héff ¥ ab@ahty

o B BRI TR b T e o
th@b@gtﬁgeﬂ,ncl ude fluid pat hways which permt f| [trate

flow fromthe top surface and fromthe bottom surface
of each of the nmenbrane support plates to the fluid

o ut lfﬁtTthgtrIp&i Edrty %:dlrg@gf el B Berei ﬁieﬁib;an‘é‘%ﬁﬁﬁrf‘ each

an open vent. 8 A filtration-
pl@té&l’ inciudg éluhbyathmga;& vhtich perimit @ltraterftbva frbinuthd tapusurface and

conprising, .a fj ation un conpr.i si.n rane
frcgn PR oR s ee pheach pE Rl SR aPEoE ARe o
ouftl {tratl on nenbrane bonded to a bottom surface of the

rrerrbrane support plate and to a top surface of the
menbr ane support plate, the nenbrane support plate

bei t
delfl c%ﬁ%ﬁ%‘f@%&e Oéﬁ?lﬂhgw%ﬁrléaﬁ}n% e?)‘g ese%?g aingluges,
AWt/ peripheral surface of the nenbrane support

pllate to formseals to prevent fluid feed from
entering the fluid outlet except by having passed

t hro } east
i oA ey RS aind P RudTRIEPEALE ik BPoa bt AR
fluid outd ﬂItratlanaﬁ@cu@dapmﬂigatmembmhat@pbmﬂad the) t he

top end cap, the first_isolatio % ond
mp@breaesennerigipe avng g filggtion membrane onded o a ottom sur ace

of the membrane support plate and to a top surface of the membrane support
plate, |

the membrane support plate being bonded to a first isolation plate
and av deflection pléte at an inner peripheral surface 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 outlét,

a second isolation plate bonded to the top end cap,

the first isolation plate bonded to the bottom end cap and to the
filtration unit,

the deflection plate bonded to the filtration unit and to the second

isolation plate,
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filtration unit, the deflection plate bonded to the
filtration unit and to the second isolation plate, 11
and fluid flow paths fromthe fluid inlet, through the
menbranes and through the fluid outlet that prevent
fluid feed fromthe inlet frombypassing the

menbranes. 9. The filtration cartridge of Claim.8
wher ei n tdnd fbud ﬂﬁWd’@@SlfW@m theetpid Hﬂ@ng@ovfg&\ﬁh%@e%&%&%

I
o R REE AR Pty biGcby A s R Ny B Fdine
th®hbhdradefC! udes prongs havi ng spaces therebetween. 11.

The filtration cartridge of Claim8 wherein the
menbrane support plates include fluid pathways which

perrg trfd 1!'1]%‘. ﬁ&?c{ e o&”g@fﬂ Inh'? nstﬁé E%@dg@qgcluziésom the

bot t'om surface br ane support plates
profgs @il spbeks thmb‘tbee\tveenlxﬁlthlﬁhhae ﬂulkitt‘roa\t pahs.pl ate of daim

8 wherein each of the end caps includes an open vent.
12

10. The filtration cartridge of Claim 8 wherein the deflection plate

includes prongs having spaces therebetween.

11. The filtration cartridge of Claim 8 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.

12. The filtration plate of Claim 8 wherein each of the end caps includes

an open vent.
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