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20 rates through filters with fine pores, for example below about one micron,
relatively large filter areas are needed. Such areas have therefore been
provided by using large individual filters or by using a number of smaller
individual filters in parallel. For use in critical pharmaceutical applications
such as sterilization, such membranes and their supporting apparatus must be

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

One assembly heretofore provided in disposable plastic has also been

mechanically secured with relatively few moveable parts.
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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
25  positioned at a central portion of the cartridge. This cartridge requires a fluid
deflection plate to direct incoming fluid feed from a central portion of the
cartridge to a peripheral portion of the cartridge. The inclusion of a deflection

plate is undesirable since it adds a nonworking element to the cartridge.
At the present time an integrity test utilizes a binary gas for
30 determining the presence of defects in membranes in a filtration cartridge.
The test provides greater accuracy when the binary gas is flowed in a
tangential flow filtration mode (TFF) rather than a normal flow filtration mode

(NFF) (dead ended filtration). This integrity test is described in U.S. Patent
application Serial Number 11/545,738, filed October 10, 2006 which is



di scloses a filtration cartridge having a feed inlet

and a perneate outlet positioned at a central portion
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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

25 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 a single fluid pathway within the

filtration cartridge so that, the filtration cartridge can be provided with a single

outlet for permeate.



dead ended, normal flow filtration (NFF). Each
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Figure 5 is a cross-sectional view of a filtration
scartri dfefeging 19 Bigpigvle it seHrronained dilrationfoartrifgg 2 having,
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20  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 ény suitable type extends through the end cap 22 to

25  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

30  of filtration units 26, passes through the filtration membranes within the stack
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



units 26. Lower end cap 24 is provided with an inl et

28 for feed, an outlet 30 for perneate. Upper end cap
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direction as represented by arrow 58 through grooves 60. The permeate

w

travels through the spaces 68a positioned between posts 68 and then out

25 permeate holes 50 as represented by arrow 35 to the outlet 30 (Figure 1). On
the LID side (Figure 2), fluid feed passes through membrane structure 38 to
produce a permeate which travels in a direction as represented by arrow 69a
through grooves 71. The permeate travels out permeate holes 50 as
represented by arrow 35.

30 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 and 70.

Membrane structures 38 are sealed to the membrane plates 32 at membrane
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open. This integrity test is described in U.S. Patent application Serial Number
11/545,738, filed October 10, 2006 which is incorporated herein by reference.

25  The integrity test used on the apparatus of this invention is a test that has been
designed to correlate to the removal of small viruses. The initial composition

of the two gases is 90% CO; and 10% hexafluoroethane. This gas mixture is
introduced to the feed port on the apparatus. The gas mixture is allowed to
sweep across the upstream side of the membrane and bleed out the vent port

30  while maintaining a trans membrane pressure of 5S0psi. This sweep is required

so that the concentration of the two gases remains constant on the upstream
side. A measurement of the composition of the gases is taken downstream. An

elevated hexafluoroethane value is indicative of a membrane that will not

retain virus.
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whil e maintaining a trans nenbrane pressure of 50psi.
This sweep is required so that the concentration of

WO b@otykeegases remmi ns constant on the upstreaPCHUS®8/#10764
nmeasur enent of the conposition of the gases is taken
downstream An el evat ed hexafl uoroet hane value is
i ndicative of a nenbrane that will not retain virus.In
subsequent operation, th&€WdMS 27 is initially open
angytal ichifh&ed is introduced through inlet 28 to
produce perneate that replaces gas within the .
filtrdtiAohltieten earaigee bayingpniduid iyt apdra flyidtaydet compaaiag.s o

t hat the ven e S agbq? -1 '
5vvl th unfil telrae!}g%t o ﬁft&ﬂ) %Elﬁcg%él un &fs%"grgﬁi Hgtﬁﬁane
f | supparts platasp vasth oih t}@uglhmbmm etlp@@ plates hammgt dtneast one

(| O oL o YO R e L 0 S RS e

unf ered urd dan

filand &t 2 ©@p suﬁaderdfd@enaﬁbrhdersumgmmaat 27 and outI et

30. CLAI M5 What is claine it 4|dotn C i d
having a fl uf§ THREEI ?ygp% Pff’sé’elgét eAcBThf %l%rg at

10l easiter (psﬁp}feirdl tstiddde QO forf te,alsetacphaveﬂrmﬁdl $éed frdnvventering the

por.t ates f the ane support
O ARE e PHRBRy Pl PR E Rl PR e s BrE B
to a bottom swpfeadea®)f the merrbrane support plate and
to a top surface of the nenbrane support plate, the
nenbr ane suppBPECHEM €8 bei ng bonded to each ot her at

an outer per hpggroglonggftﬁl@gﬁdg? formseals to prevent
fluid feed fromentering the fluid outlet except by

15h avand dluisbBevs pathp fromgthe ﬁltudl ialgs thrgpgh he membransprandeaughg
ﬁh@ PiddiC Bt Qhegoﬁrt:\%m SREh GRB: frdhn \fﬁéﬂinlanfr&ﬂ J‘bfassmkethe

caps, and fluid flow paths fromthe fluid inlet
t hrrm;glnaneh @nﬁmmdﬁndmgh prugpbate hethwayingluding|agow of

Nl R8YRAbtd Withl B3 AiRMAIGE 1l et from bypassing

anes an provi des a single perneate
pat hway i ncl uding a row of

20 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
25 surface and from the bottom surface of each of the membrane support plate 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 a
30 plurality of filtration membranes bonded to a top surface of the membrane

support plates.
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filtration nmenbranes bonded to a bottom surface of the
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peripheral surface of the membrane support plate to form seals to prevent fluid
20 feed from entering the fluid outlet except by having passed through at least on
of the membranes,
a top end cap having the fluid inlet,
a bottom end cap having the fluid outlet,
a second isolation plate bonded to the top end cap,
25 the first isolation plate bonded to the bottom end cap and to the
filtration unit,
the deflection plate bonded to the ﬁltratio'n unit and to the
second isolation plate,
and fluid flow paths form the fluid inlet through the membranes
30 and through the fluid outlet that prevent fluid feed from the inlet from

bypassing the membranes.
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the fluid outlet, a second isolation plate bonded to

the top end cap, the first isolation plate bonded to

t he bg)tt,l_gm nd. cap and to the fﬁ'ulflrati on. unit, the .

def | eCt | ﬁfﬁqram BEARICE Glahd rther compPgsng prenes 1gvipg

t hegesansteietMdeatwitin Bk AuR ficphthd. Ui d fl ow paths form

the fluid inlet through the nenbranes and through the

fluid outlet that prevent fluid feed fromthe inlet

sf rom Bypaasi MFaddie cAPRIHRE 3tC81a%n & Reheldih lth@ldeMlttion plate

cartridge of Claim8 further conprising prongs having

s patieidesapras davieg ppages therabatwieenf | ui d f 1 ow pat hs. 10.

The filtration cartridge of Caim8 wherein the
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fil tron

pl ate of any one of Claim8 wherein each of
the end caps includes an open vent.

12. The filtration plate of any one of Claim 8 wherein each of the end

caps includes an open vent.
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