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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
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One assembly heretofore provided in disposable plastic has also been

mechanically secured with relatively moveable parts.
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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 nohworking 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 (TFF) rather than a normal flow filtration mode

(NFF) (dead ended filtration). This integrity test is described in U.S. Patent
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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
vent. The end caps seal the cartridge and direct flow from the feed inlet,
through the membranes and out the outlet.
Permeate fluid flows through two fluid pathways within the filtration
cartridge so that, on average, the flow path length is one half the flow path

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



dead ended, normal flow filtration (NFF). Each

filtration unit conprises two nenbrane support plates
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stack of fiItration units. Each nenbrane support plate
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nmeediicafes i s bonded to each of the first and second
surfaces of each nenbrane support plate. The
filtration cartridge is provided with end caps, a
fluid inlet, a perneate outlet and a second outl et
that functions as a vent. The end caps seal the
cartridge and direct flow fromthe feed inlet, through
t he menbranes and out the outlet. Perneate fluid flows
through two fluid pathways within the filtration
cartridge so that, on average, the flow path length is
one half the flow path Iength of a filtration
cartridge having one flow path and having the sane
hori zontal cross-section. By providing the two fluid
fl ow paths for theperneate, pressure drop of the fluid
within the cartridge is substantially reduced. BRI EF
DESCRI PTI ON OF THE DRAW NGS 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 menbrane support plate of this invention. Figure 3
is an expl oded bottom view of the nenbrane 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 expl oded vi ew show ng
the first surface of the menbrane support plate of
Figure 2 and showi ng perneate flow paths within the
filtration cartridge.



DESCRI PTI ON OF SPECI FI C EMBODI MENTS Referring to
Figure 1, a self contained filtration cartridge 20
whawpngs2e4 or exanple, 0.5 square neters of filPEF/US200&010616
is showmn. The cartridge 20 conprises 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, BRIEPWMHSORIBITONOPTHREDRAWINIGS vent 27
to vent gas. Preferably the end caps_22 and 24 and the
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a%eﬁ{ignsel ectively wel ded together such as with heat
or solvent at their outer peripheries. The inlet 28,
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connection to a ,conduit of tubing or the |like. The
vEmrpostplgie of this &yentd-e type extends through the end
cap 22 Fﬁ%r@@fim kPIBAUEBS N vRIw 8f the i@MBERE support plate of
filtration cartridge at start-up and to permt verﬁlng
offigurgds to test for nenbrane defects when operating
the filtratipn cartridge.iij20 in_.TFE de. This may ..
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| $n\RRBOE Hatifg BXN ANBIofARitand thereafter closed. In
use, a liquid to be filtered enters inlet fitting 28,
passes Figitre 1 he astmskseftiongl] vieat obre ditfratipn? gartidees ek this
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Referring to Fi qures 2, and 3, a nmenbrane support
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Ive i nner dinmension (LID) to acconmodate
a larger nenbrane 38 which is larger than the nenbrane
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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 iii20 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



formed by joining (sealing) two filtration plates 42
to each other at the SIDto SID surfaces. A stack of
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representedby arrow 35 to the outlet 30 (Figure 1). On
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Of o UM @B Iith Jéﬁ%eate outlet holes 50 and outlet 30 (Figure 1). 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 passes through membrane 40 to produce a permeate
which travels in one of two directions as represented by arrow 58 through
grooves 60. The furthest the permeate travels on plate 32 is from dotted line
62, which is the midpoint of the length of the grooves 60, to either edge 61 or
63 of membrane 40. The permeate, on average, travels from either dotted line
64 or dotted line 66 which are 25% of the length of grooves 60 to either edge
61 or 63 of membrane 40. The permeate travels through the spaces 68a
positioned between posts 68 and then through permeate pathway holes 52 or

54 as represented by arrows 31 or 37 and out permeate holes 50 as represented



perneate, on average, travels fromeither dotted |ine
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The perneate travels through perneate pathway hol es 52
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inner plate seal on the LID side (Figure 2). The seals
7Figw6ds 25dadcand6are sshewnadtstbd crossraetten $ied foﬁEngre 2. The
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peri pheral plate seal 66. Afiltration unit 26 is

s&a eMembraneg WaprecBalad tpangmbranepunpiost @laseéap gomeiphrane.
R
3thobdsSTH afid aprandrd@ay bh hblre mnnershsmv%y th"a: Bliack hﬁoilvs 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.



The seals 64, 66a and 69 elimnate the need for an
addi tional outer housing to effect desired fluid
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a vent on one of the end caps, and fluid flow paths
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filtration ate of claim1l erein each of the end

caps incl ud'eéora?ﬁldo)@én vent.7. Afiltration cartridge

having a fl I d afluid outlet conprising, a
filtration %h?&t&rﬁcg%%‘y ng a nenbrane support plate,

t he nmenbr ang ventppitie dfltied éndaaps,ng a filtration
menbr ane bonded to a bottom surface of the nenbrane

support p: abd ofhidt dloy traghss framc theoffl l"t‘%e‘%nﬁh@ﬂﬂ’éh he
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pPeé{Péﬁ'{e te flowfo t 1d 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.



feed fromentering the fluid outlet except by having
passed through at | east on of the nenbranes, a top end

w@apokeszsarg the fluid inlet, a bottomend cap PEWUSZP08/010616
the fluid outlet, a second isolation plate bonded to

the 7t ggtﬁ[}gtlcg:n del‘trld%g ha{utngta fhﬁ(? #n %t a%H aFH 38u %Qgﬁﬁmtsﬂlg,

t he omend " cap trati on uni

defl ection @Ifﬂtr@u&mnﬁhagﬂ comptib®gf & |rhérabiag® suppért gigte} the
the second isolation plate, and fluid flow paths form

tmémbrqylpoﬁun)nwétpletﬁrf@ugw 2 Hiltratiom meadsang, Bordedolggh bottem
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ypaSS| n nes atl on
cauppoit pipee,of cI aim 7 which include prongs having

spaces therebetween within the fluld flo aths. .9. .
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pat h S i.ch pe trate flow from.t

e S0 e B L onccihiR By et SR RoyeR Bhleast on
NSIRE altgnbrRROrt plates to the fluid outlet. 11. The
filtration plate of O ainv wherein each of the end

caps i ncl udetopaendgpphaviagtthe fluid inlet,

a bottom end cap having the fluid outlet,

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,

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 prongs having spaces
therebetween within the fluid flow paths.

9. The filtration cartridge of Claim 7 wherein the deflection plate
includes prongs having spaces therebetween.

10. The filtration cartridge of Claim 7 wherein the membrane support
plates include fluid pathways which peﬁnit 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 Claim7 wherein each of the end caps includes an

open vent.
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