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FILTRATION MODULE

This invention relates to a membrane filtration apparatus for effecting filtration of a liquid
composition wherein a feed liquid is introduced into the apparatus and a filtrate stream and,
optionally a retentate stream are removed from the apparatus. More particularly, this invention
relates to a tangential flow membrane filtration apparatus or dead ended membrane filtration
apparatus that is formed and selectively sealed by injection molding and indirect heat sealing of a
polymeric composition.

BACKGROUND OF THE INVENTION

Prior to the present invention, liquids have been filtered within a plurality of filter modules
that are stacked between manifolds or individually sealed to a manifold plate. Each module
includes a one or more filter layers separated by appropriate number of spacer layers, such as
screens, to permit liquid feed flow into the apparatus as well as filtrate flow from the apparatus.
Filtration within the module can be conducted as a tangential flow filtration (TFF) process wherein
incoming feed liquid is flowed tangentially over a membrane surface to form a retentate and a
filtrate. Alternatively, filtration can be conducted as a dead end mode otherwise identified as
normal flow filtration (NFF) wherein all incoming feed liquid is passed through a membrane filter
with retention of solids and other debris on the membrane filter. In this latter mode only afiltrate is
recovered.

At the present time, a filtrate stream is sealed from a feed stream within a membrane
filtration apparatus by sealing techniques utilizing potting adhesives such as epoxies, urethanes or
silicones, solvent bonding or direct heat sealing. In the case of a tangential flow filtration
apparatus, a filtrate stream is sealed from a feed stream and a retentate stream. Adhesives are
undesirable since they have limited chemical compatibility, are a source of significant extractable
species, limits the ability to utilize all of the given volume in afilter unit as the adhesives take up a
given volume of area in the device, introduce process control difficulties, impose bond strength
limitations, impose use temperature limitations, and increase process cycle time. Direct heat
sealing wherein a heating element contacts a material that flows to form a seal is undesirable
since its use imposes a minimal limitation upon the thickness of the material being heat sealed.

This results in a reduction of the number of layers that can be present in a given volume of the
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filtration module, thereby undesirably reducing the filtration capacity of the module. In addition,
direct heat sealing is undesirable because it requires multiple steps, imposes material compatibility
limitations, and typically utilizes a substrate to effect direct heat sealing of filtration elements and
can cause membrane damage. Solvent bonding is undesirable since solvents impose
environmental issues and process variability while potentially useful polymers are limited by their
solvation characteristics.

In addition, the use of materials such as polysilicone or polyurethane based materials
which absorb and/or adsorb a portion of a feed fluid being filtered is undesirable since the
absorbed material will desorb into subsequently filtered materials and contaminate them.

U.S. Patent 5,429,742 discloses a filter cartridge comprising a thermoplastic frame into
which are molded a plurality of filtration membranes. The thermoplastic frame is molded to provide
fluid pathways that assure incoming fluid to be filtered will be passed through a membrane prior to
removing filtered fluid from the filter cartridge. The frame is sufficiently thick so that fluid pathways
to and from the membranes can be formed. Since adjacent membranes are separated by
relatively thick spacer members, membrane area per unit volume of the filter cartridge is
undesirably low.

Accordingly, it would be desirable to provide a multilayer filtration apparatus which utilizes
a plurality of filtration elements wherein the layers are appropriately sealed without the use of
adhesive, solvent bonding or direct heat sealing. Moreover, it would be desirable to provide a
tangential flow or a dead ended filtration apparatus containing a large number of filtration layers
per volume of filtration apparatus which can be formed into a stack and which has packing density
of active membrane to external filter volume of at least 300m?m3. In addition, it would be
desirable to provide a tangential flow or a dead ended filtration apparatus containing a large
number of filtration layers per volume of filtration apparatus which can be formed into a stack and
which can be appropriately sealed to define liquid flow paths within the stack. Furthermore, it
would be desirable to provide such a filtration apparatus formed of a material which minimizes or
eliminates absorption (also adsorption) and subsequent desorption of a material being filtered.
Such a filtration apparatus would provide a high filtration capacity and would permit multiple uses
of the apparatus while minimizing or eliminating filtrate contamination problems.

SUMMARY OF THE INVENTION

The present invention provides a thermoplastic filtration apparatus having a packing

density of at least 300 m2 of active membrane area / m3 external volume of filtration apparatus.

Additionally, in some embodiments, the device is formed of compositions which are substantially
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free of extractable materials either prior to or subsequent to filtration. As used herein, the phrase
“substantially free of extractables” means less than 250 mg of extracted contamination per m2 of
material when soaked with a test solution containing one or more acids and then placed into
deionized water and allowed to soak to cause any adsorbed or absorbed acid to leach out.

The filtration apparatus is formed of a stack of membranes and spacers that are
alternatively positioned through the vertical height of the filtration apparatus and are sealed in
a manner more fully described below.

In addition, the present invention provides a filtration apparatus formed of filtration
elements that are sealed with a thermoplastic polymeric composition in a manner that promotes
sealing to a polymeric porous membrane while avoiding thermal or mechanical degradation of the
membrane. Selective sealing of the porous polymeric membrane is effected in a two step process
wherein an end of each membrane is sealed with a thermoplastic polymeric composition to secure
the thermoplastic polymeric composition to the membrane. Selected layers of thermoplastic
polymeric compositions on adjacently positioned membranes then are sealed to each other in
order to define fluid flow paths through the stack of alternately positioned membranes and spacer
layers. The defined fluid flow paths assure that fluid to be filtered passes through a membrane
prior to being removed from the filtration apparatus. Sealing can be effected as a single step
wherein a stack of alternately positioned membranes and spacers are subjected to radiant energy
which effects heating of selected layers thereby to effect the desired sealing. Altematively, sealing can be
effected of a single set of a membrane and a spacer sequentially until a desired stack of altemately
positioned membranes and spacers is sealed in the desired configuration.

In addition, the present invention provides a filtration apparatus wherein the outside
surface areas adjacent ports of the apparatus are formed of a thermoplastic elastomer that
deforms under pressure. Such a surface configuration permits application of substantial force on
the outside surface areas thereby to provide effective sealing at the filtration ports by application of
such pressure.

In accordance with this invention, a dead ended (NFF) or tangential flow filtration (TFF)
apparatus is provided which includes a plurality of spaced-apart membranes and a plurality of
spacer layers having channels or openings that promote liquid flow therethrough. The NFF
filtration apparatus is provided with at least one feed port and at least one filtrate port. The
tangential flow filtration apparatus is provided with at least one feed port, at least one filtrate port
and at least one retentate port. Membrane layers and spacer layers are alternated through the
vertical height of the filtration apparatus in selected patterns. Selective sealing of the membrane
layers and the spacer layers is effected in a two step process. In a first step, a thin layer of a
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thermoplastic polymeric composition is molded onto end portions of each membrane layer that can
comprise a membrane or a composite membrane, such as a membrane supported on a screen
layer. The thermoplastic polymer composition is molded in a pattern which effects desired fluid
flow through the modules. The thus treated membranes and spacer layers are then stacked in a
manner to preliminarily form a feed port, afiltrate port and, in the case of a tangential flow module,
a retentate port. The final step of indirect heat sealing of thermoplastic polymeric composition
preliminarily sealed to the membrane layers then is selectively effected to form fluid flow channels
that separate feed and retentate from filtrate within the module. In the case of a tangential flow
filtration apparatus, liquid flow within the stack is assured by sealing the feed inlet and the
retentate outlet from the filtrate outlet. The outer portion of the filtration apparatus is then formed
by insert molding. Insert molding is accomplished by positioning the stack within an injection mold
and injecting the molten polymeric composition into the mold to effect sealing in a manner that
assures the desired liquid flow within the final membrane filtration apparatﬁs during use. The
spacer layers that accept filtrate are sealed by the plastic composition from a feed port extending
into the stack so that the feed must pass through a membrane layer prior to entering a filtrate
spacer layer. In addition, the spacer layers adjacent to the feed port that are designated to accept
feed remain in liquid communication with the feed channel. Channels that accept either retentate
or filtrate also extend into the stack. The channels that accept retentate are sealed from the filtrate
spacer layers and are in fluid communication with the spacer layers that are also in fluid
communication with the feed port. The channels can extend through the membranes or through
thermoplastic tabs that are sealed to at least a portion of the periphery of the membranes. The
port or ports that accept filtrate are sealed from the spacer layers that accept feed or retentate and
are in fluid communication with the spacer layers that accept filtrate. The stack is also sealed in a
manner so that liquid feed entering the feed spacer layers must pass through a membrane before
entering a filtrate spacer layer.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1is a side view of a modified membrane structure of this invention.

Fig. 2is a side view of an alternative modified membrane structure of this invention.

Fig. 3 is a side view of an alternative modified membrane structure of this invention.

Fig. 4 illustrates fluid flow through a tangential flow filtration module of this invention.

Fig. 5 illustrates fluid flow through a tangential flow apparatus of this invention.

Fig. 6 is a side view of a modified membrane utilized to form the filtration apparatus of this
invention.

Fig. 7 is a side view of two membranes and one spacer layer utilized to form the filtration
modules shown in Fig. 8.

Fig. 8 is a side view of filtration modules of this invention.
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Fig. 9 is an exploded cross sectional view of filtration and housing elements utilized to
form the filtration apparatus of this invention.

Fig. 10 is a cross sectional view illustrating a final position of filtrate elements of this
invention prior to a final forming step for the filtration apparatus.

Fig. 11 is a cross sectional view illustrating the final step in forming filtration apparatus of
this invention.

Fig. 12 is a perspective view in partial cross-section of a filtration apparatus of this
invention.

Fig. 13 is a graph showing the relative extractable levels of a variety of polymeric
compositions.

Fig. 14ais a side view of amembrane construction useful for making a filtration module of
this invention.

Fig. 14bis a side view of a membrane construction useful for making a filtration module of
this invention.

Fig. 14c is a top view of the membrane construction of Figs. 14a and 14b.

DESCRIPTION OF SPECIFIC EMBODIMENTS

The present invention utilizes filtration membrane elements that can be selectively sealed
in a stacked configuration to effect separation of filtrate from feed or feed and retentate. The
filtration membrane element comprises a membrane layer having one edge thereof bonded to a
thermoplastic polymeric composition. Preferably, the bonded thermoplastic polymeric composition
has a top surface and a bottom surface configured so that they converge toward each other and
form an end or tip area. The end or tip area is configured so that it absorbs radiant heat energy or
a non-heat energy such as ultrasonic energy which is absorbed by the end and converted to heat
energy. When exposed to such energy, the end or tip preferentially melts prior to the main body of
the thermoplastic polymeric composition. This feature permits control of the direction that the
molten thermoplastic polymeric composition flows that, in turn, permits controlling selective areas
of a filtration apparatus to be sealed. Heating also can be effected by contact with a heated
element such as a heated rod.

The filtration membrane elements can be sealed one-by-one to each other or can be
sealed to each other in a desired configuration in a one-step process while positioned in a stack of
filtration membrane elements of this invention.

The filtration membrane elements useful for forming the filtration module of this invention

are formed by modifying an end of a filtration membrane by sealing a thermoplastic polymeric
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composition (TPC) to an edge or perimeter of the filtration membrane. The (TPC) surfaces can be
sealed to adjacent (TPC) surfaces to effect sealing in a manner that effects sealing of alternatively
positioned spacers in a stack of membranes alternating with spacers. Sealing is effected so that
any given membrane is sealed on one edge and open on an opposing edge. Adjacently
positioned membranes separated by an open layer such as a screen are sealed on opposite
edges. This arrangement assures that a feed stream entering an open layer in a stack of
membranes passes through a membrane prior to being collected as filtrate. By operating in this
manner, mixing of filtrate with either a feed stream or retentate stream is prevented.

Referring to Fig 1, a modified membrane structure useful for forming the filtration module
of this invention is shown when the membrane is an ultrafiltration membrane 10 having a skin 12
and a layer 14 more porous than the skin 12. The end 16 is bonded to a TPC 18 so that the
membrane 10 is sealed at the end 16 by the TPC 18. The TPC 18 is configured to have a top
surface 20 and a bottom surface 22 which converge to form tip 24. The tip 24 functions to
concentrate energy such as radiant or ultrasonic energy to effect melting from tip 24 to the body
26 of the TPC. However, it is to be understood that the TPC need not have converging surfaces
and for example, have aflat end or a curved end or the like. A TPC having converging surfaces is
preferred since such a surface configuration effectively concentrates radiant or ultrasonic energy
at the tip of the TPC.

Referring to Fig. 2, the construction of an alternative filtration module of the present
invention utilizing a composite membrane 30 is shown wherein the membrane includes a low
porosity skin or tight porous structure 32, a volume 34 having more open pores than skin 32 and a
support layer 36 being formed from a more open layer such as spun polypropylene fiber. The
composite membrane 30 includes a first molding section 38 that is molded to the bottom surface
40 of composite membrane 30 and a second molding section 42 of composite membrane 30.
Second molding section 42 includes bottom surface 46 and top surface 49 which converge into tip
area 48. Tip surface 48 preferentially melts when exposed to energy such as radiant heat or
ultrasonic energy over the body 44 of the TPC.

Referring to Fig. 3, an alternative membrane useful for forming the filtration module of this
invention is shown wherein a membrane is shown which presents difficulty in bonding to the TPC
of choice. The composite membrane 51 includes a skin 55, a porous body 54 and a porous
support 56 is bonded to the TPC 58. The skin 55 can be difficult to be bonded by virtue of its
composition such as a glycerin filled layer, or by virtue of its low porosity. To improve bonding, a

porous screen 60 can be positioned on the top surface of the skin 55 to effect absorption of molten
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TPC 58, thereby to improve bonding function to skin 52. The tip 64 functions to concentrate
energy as described above to effect selective melting of the TPC 58 selectively fuse it to the TPC
on adjacent layer. This selective fusion blocks fluid flow past tip 64.

Referring to Fig. 4, a filtration module including the manifold is shown. A filtration element
40 is positioned between manifold 47 and manifold 11. Manifold 47 is provided with feed inlet 15
and filtrate outlets 17. Manifold 11 is provided with filtrate outlet 21 and retentate outlet 19. One
set of filtrate outlet means 28 is provided on the manifold 11 while a second set of filtrate outlet
means 29 is provided on the manifold 47. The filtrate outlet means 28 and 29 are connected to
filtrate outlets 17 and 21 by filtrate conduit paths 46. The filtration element 40 includes holes 48
which communicate with liquid inlet means 15 and holes 50 which communicate with filtrate outlet
means 28 and 29.

Referring to Fig. 5, the filtration element 40 includes a filtrate spacer 59, afilter layer 53, a
retentate spacer 60 and a filter layer 62 with a second filtrate spacer (not shown) and which can
contact conduit paths 46 (Fig. 4). The liquid feed represented by arrow 61 passes through holes
48 in layer 62 into spacer 60. A portion of the liquid passes horizontally through spacer 60, as
represented by arrow 64 and vertically through filter 53 as represented by arrow 66. The
remaining portion of the incoming liquid passes upwardly as represented by arrow 68, through
holes 48 in filter layer 53, holes 48 in filtrate spacer 59 and into the next adjacent filtration member
(not shown) wherein it proceeds as described above with reference to filtration element 40. The
filtrate passes into holes 50 and passes in a direction as shown by arrows 70 and 72 toward filtrate
outlet means 21 (Fig. 4). Hole 48 alternates with holes 50. The retentate passes across retentate
spacer 60 as represented by arrow 64, through holes 50 and to retentate outlet means 19 (Fig. 4).

Referring to Fig. 6, a membrane layer of the filtration construction of this invention is
formed from membrane elements 80, 82 and 84 which are spaced apart to form a feed port 86 and
a permeate port 88. The element 80 is formed from membrane layer 90, a TPC 92, a spacer layer
94, a thermoplastic seal section 96 and a thermoplastic seal section 98. Membrane element 82 s
formed from membrane layer 107, thermoplastic seal section 98, spacer layer 100, thermoplastic
seal section 102 and thermoplastic seal section 104. Membrane element 84 is formed from
membrane layer 106, thermoplastic seal section 108 and thermoplastic seal section 110.

Referring to Fig. 7, a spacer layer is positioned between two membrane elements 80. A
spacer layer 114 is positioned between two membrane elements 82. A spacer layer 116 is
positioned between two membrane elements 84.

Referring to Fig. 8, thermoplastic seal sections 98 are joined together with a thermoplastic
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seal 118. Thermoplastic seal sections 104 are joined together with thermoplastic seal 120.
Thermoplastic seal sections 108 are joined together with thermoplastic seal 122. Thermoplastic
seal sections 110 are joined together with thermoplastic seal 124.

Sealing to the construction of this invention will be described with reference to Figs. 9, 10
and 11. A stack of the membrane and spacer elements shown in Fig. 8 are vertically positioned
with spacers 130 interposed there between. Thermoplastic endplates 132, 134 and 136 are
formed from a thermoplastic material and a resilient thermoplastic elastomer 140. The resilient
thermoplastic elastomer 140 is adapted to be sealed such as by heat sealing or ultrasonic bonding
to the thermoplastic end plates 132, 134 and 136. Such materials are well known and include
SANTOPRENE® polymers, preferably the 8000 series, available from Advanced Elastomer
Systems, L.P. of Akron, Ohio and SARLINK® polymers, preferably the 4155 version, a
polypropylene thermoplastic elastomer available from DSM Thermoplastic Elastomers, Inc. of
Leominster, MA and polypropylene with a blowing agent, (typically from 0.5 to about 2.0%).

In addition, resilient thermoplastic elastomer 140 is positioned to cooperate with a

pressure plate (not shown) to exert pressure through the vertical height of the filtration construction
of this invention.

As shown in Fig. 10, the periphery of the stack of membranes and spacers is sealed
together with a thermoplastic outer housing 142 by casting or injection molding. In a final step,
adjacently positioned thermoplastic constructions 92 and 98 (Fig. 8) are sealed together with
radiant seal 144. Sealing means 144 can comprise a radiant seal, an ultrasonic seal or direct
contact. Sealing means 144 is positioned sufficiently far from spacers 146 and 148 so as to
prevent sealing of openings 150 and 152 so that fluid communication can be effected between
conduit 86, spacers 148 and spacers 152. In addition, filtrate conduit 88 is in selective
communication with spacers 154 and 156. In this manner, mixing of feed and retentate filtrate is
prevented.

Referring to Fig. 12, the filtration apparatus 160 having inlets 162 and 164 for fluid feed,
outlets 166 and 168 for retentate and outlets 170 and 172 for permeate. In Fig. 12, like designed
cross-sections refer to the same element. The filtration apparatus 160 includes an outer shell 174,
a sealing elastomer 176, a feed screen 178, a permeate screen 180 and a membrane 182.

As can be appreciated, the design of the components of the present invention and the
method of sealing them together allows one to use thinner materials for the components than is
possible with direct heating sealed devices. It also eliminates the need for adhesives which also
impose a minimum thickness between the components. This results in an increase in the number

of layers that can be present in a given volume of the filtration module, thereby desirably
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increasing the filtration capacity of the module. The present invention is capable of providing a
packing density of at least 300 square meters (m?) of active membrane filter area per cubic meter
(m?) of external volume of said filter construction, something that has not been available with the
prior art devices.

In addition, the components and the process for forming them together is desirable as it
can eliminate the need for multiple assembly steps allowing one to assemble a multicomponent
device in one step. Alternatively, it allows one to reduce the number of subassemblies and the
steps needed to make them as compared to the other known processes and it eliminates the
potential for membrane damage as can occur with direct bonding techniques.

Further, the product of the present invention can have a significantly reduced_level of
extractables as compared to devices of the prior art. Referring to Fig. 13, the materials used in the
construction of the modules of the present invention as well as the those used in the construction
of prior art modules were tested to evaluate their level of extractables with typical cleaning
solutions for such devices. The test was conducted to determine the ability of a material to take up
or absorb materials and to subsequently release them. In use, this may result in carry over
contamination from one batch of product to the next. This phenomenon is commonly referred to in
the industry as extractables.

Samples of identical surface area were made from each individual material to be tested
were made to produce samples with uniform surface area. For the thermoplastics and thermoset
materials, disks of dimensions of 1.125 inch (2.8575 c¢m) diameter by 0.25 inch (1.27 cm)
thickness were molded to produce 0.00185 square meters of surface area. For materials of less
than 0.025 inch (1.27 cm) thickness such as the membranes, non-woven supports and screens,
the samples were cut into circular disks of 47 mm to produce 0.0035 square meter of surface area.

Each sample was soaked individually in 75ml of the acetic /phosphorous acid test solution
for 24 hours. The acid solution used in this study was 1.8% acetic acid and 1.1% phosphoric acid.

After soaking, the samples were briefly rinsed with filtered deionized water to remove any
residual solution from the surface of the samples. Each sample was then individually soaked in
50ml of filtered deionized water for extraction. Samples of the water were taken after 6 and 24
hours and analyzed via ion chromatography for the level of acetate and phosphorous ions. The
levels of ions were normalized to mg/m? The level of acetate and phosphorous ions present after
the described periods of soaking demonstrates the release of residual acid from the material of
construction into the water. This corresponds to the level of contamination that the material is

capable of releasing in use. Suitable materials are those that have less than 250 mg of extracted
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contamination per m2 of material when tested by the above described test method. More preferred
materials and devices made from them had less than 200 mg of extracted contamination per m? of
material when tested by the above described test method

The use of polypropylene with or without a blowing agent and polypropylene thermoplastic
elastomers provided acceptably low extraction levels while polyurethane (as is used in the prior art
modules) did not provide acceptably low extraction levels.

Referring to Figs. 14a, 14b and 14c, an alternative set of filtration elements is shown
which can be utilized to form the filtration module of this invention. The filtration elements 190 and
192 are stacked vertically one upon the other in alternate layers. Each filtration element 190 and
192 includes two membranes 194 and 196, a porous screen 198 and two TPC tabs 200 and 202
or 204 and 206. The filtration element 190 includes two TPC tabs 207 which are fused to each
other when a heating element (not shown) is extended through the port 208. The heating element
is controlled to selectively melt tabs 207 causing them to fuse together. Filtration element 192 is
free of tabs 207 and fusion of TPC is not effected by the heating element. Thus, in a stack of
alternating filtration elements 190 and 192 alternating passageways for a liquid to pass into a
filtration element 192 are provided. The filtration element 192 is provided with TPC tabs on an
open end to that shown which the opposing end of filtration element 190 is free of the TPC tabs.
Thus, the opposing ends (not shown) of the filtration elements 192 are blocked while the opposing

end of filtration element 190 are open to communication with another port (not shown).

10
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CLAIMS
1. A filter construction having a packing density of at least 300 square meters (m?) of
active membrane filter area per cubic meter (m?) of external volume of said filter

construction.

2. The filter construction of claim 1 wherein the filter is constructed of materials
characterized by less than 250 mg of extracted contamination per square meter

(m?) of wetted material.

3. The filter construction of claim 1 having fluid conduits having outer peripheral surfaces

formed from a resilient thermoplastic resin composition.

4. The process for forming a filtration membrane construction having a feed inlet port,

at least one permeate port and a retentate port which comprises:

forming a stack of a plurality of fluid permeable spacer layers and a plurality of
membrane filter layers wherein said spacer layers are positioned alternately with said
filter layers in a vertical direction,

providing thermoplastic sections secured to said filter layers to each end of said
filter layers extending into said ports in a configuration such that when said sections
are melted, sealing of alternately positioned spacer layers in said feed inlet port, said
at least one permeate port and said retentate port are effected such that liquid in said
at least one permeate port is not admixed with liquid in said feed port and in said
retentate port,

and heat sealing said thermoplastic sections in said feed port simultaneously, in
one of said at least one permeate ports simultaneously or in said retentate port

simultaneously.

5. The process of claim 4 wherein said heating is effected by extending a radiant
heating element in one of said ports and energizing said heating elements to effect
heating of all of said thermoplastic rings in said port.

6. A filter construction having a packing density of at least 300 square meters (m?) of

active membrane filter area per cubic meter (m?) of external volume of said filter
construction and the filter is constructed of materials characterized by less than 250

mg of extracted contamination per square meter (m?) of wetted material.

11
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7. The filter construction of claim 6 wherein the extracted contamination level is obtained
by soaking the material in a solution of acetic /phosphorous acid test solution for 24
hours, rinsed with filtered deionized water to remove any residual solution from the
surface of the samples, then soaked in filtered deionized water for extraction with
samples of the water being taken after 6 and 24 hours and analyzed via ion
chromatography for the level of acetate and phosphorous ions and the levels of ions

detected are normalized to mg/m?.

12



WO 03/024574 PCT/US02/29815

0 16 20 18 24
12 / | |/ ///
‘I‘“””mm"”""“"I“I”"HI||||||"”””N"""”|||||||||””l"lmlllm"””"”m|||||||||||||”“||"|||"”"l”"| :

2 2

12

Fig. 1

48

Fig. 2

1/10



PCT/US02/29815

WO 03/024574

50

/

Doses
i

62

52 54

58

R
i

3
[

(i

KB K AKX N M S

&

2

Fig. 3
2/10



WO 03/024574 PCT/US02/29815

Fig.4
3/10



WO 03/024574 PCT/US02/29815




PCT/US02/29815

WO 03/024574

88
80} /

X y R
N S\EXRAKIRRD T SN

Y e
yZLoll 911 1g80tzZiozl

Ok g 0l

obk 9l ) 9oL g, 88 / ./

v\ 28 €04 711 5°

931
001 <0l

==

140)°
28 L0l 86

/ / /

g9 26 6 og ¢k 86
9% 6

| 7 7

98 6 06 om\ 86

5/10



PCT/US02/29815

WO 03/024574

W )
ﬂlgffiﬁvﬁwﬁtﬁrfu&ov /J.w/nﬁ
T - AT A A A AT AT ST e
T NS AT AT ,./,.W..J >
1.rr..suﬂ/a.%x. P S
ﬁl?;?:@vgsﬂ&t‘«ﬁv ey
AU O AT T ATAIIA 1‘.1, =
Q-?///AW/WN’E&!&OEU — ,xamf,. o
E /,J. L YA 7 A4 LTI i
N SSRINEAEAARIID .,/a,ﬂ/mﬂ

'v‘.lg!!"b‘ib! 5
Z'nr/%f/faw,ﬂ?g«&«&&l

O A AT A Y AT Y Y AT AT A T A A P 0

o T T G Y
NETATATATAT AT A AT AT AT ATAYeYeTA
\
T &.c,is\Jwva‘.."ﬂ
oo TS
s e A A
N i e PN
A3

6/10



PCT/US02/29815

WO 03/024574

A e
, AN —

\ ‘r“ﬂlv’"g‘ii‘gg SRR Y\l\\l
?Iép/yr/”ﬂ’w’«.“«ﬁbﬂ' ,f#%é /A,.,/ e — i “ ~r~ J
NN\ — = Sl - N
&,-/dﬂﬁmr 58!»‘»1}153' ffdwr/uv/; ?x/ﬂ..f.. \I‘l&hﬂ.’t&q — A~ Y\Y\\\\UA S

NN , T ) ] == = N
R l,vuz,wfdwﬂ,/ghhaﬁbv ol N e A —

,r/ .gl l.gl u"'i!ivmr'v’r mm r 2 . . 8 73 "w’ll. Y.\A AT S YT AT v //
/,.ﬂﬁ,%,?iﬁé. , S \

r 44 - a = > > v = o] @ b - . /.//
?l/unﬂﬁf/ HQHEOH&OHOS.' fzﬁff[nmﬂﬂﬁw . m > /

"//.g""‘!?#‘s h AT AT IVl Y ST E ILJn . Y‘\l Py /
.?I.N;UIM/I./ LS., //ath. "ll‘ ln “‘ u‘ wq@ﬁu ”ﬁrl m e 7 . :

P ...'..'ix'y' A h"‘“ ] . o Y\.\\.\L e = 2 n
"N/ ) by A ///
//hr/ / U cl 0 \N\: — / /

/ ///// /,.w R

/-de IH/;W/ 'ilf//rl.l‘.

VTRTEET ST,

"g"‘h"g"‘é‘i" -
?lg/ﬂﬂfiwdwdyﬁrﬂdw!' S . a«inﬁ&d‘» SXOOKOCKOOOD uﬁm&ﬂu«%{tﬂ
4‘.‘!.!.'1.’!.." S T -
NECTE / NS ;f/M// ~
// l!l.!!l.!!ll‘.‘ T T ?%gg

4-...7////@.., LYAYATATATATAY I

aﬂ/ \
ﬂ,wr N

é‘r"r’g. U

l.ﬁn/,n.”r/,,/f SO ERTETSD s VAV A VATAY 4&4‘?‘%‘?‘?‘5‘?‘!‘?‘3&? 40/:,%,..; SN RIN
g - T o 0 < e ok *

N

e ?«&ﬁ?&@u‘#«&tﬂty04&04?4?&,.,,.,.,/i./la., N

%/

?l;ar/nﬂrf RN AD

/%//

L Y

7/10



WO 03/024574 PCT/US02/29815

<
-
7%

,1}.‘» Y 7

Fig. 12
8/10



PCT/US02/29815

WO 03/024574

sinoy g eleydsoyd
sinoy g s1eydsoyd @
sinoy ¢ o1e1eoy W H
sinoy g 8jeeay [

1 ] |

0009

>
L
omvf
0
0001
. X
| o
0002 &
(@)
=
. —
000€ @
o
000¥ mW
3
S
0005

9/10



WO 03/024574 PCT/US02/29815

190

208 \ L 204 /

\ ]
B 194 |
~ W/////////h
207 ——«/J A 206 196 198
J . 1
208 Fig. 14a
192
208
200.\. /
S -
‘ 194
V777777777777~
198
1 | 1 196
200—" /

208" Fig. 14b

208 —9\® | 194
10O

Fig. 14c
10/10



INTERNATIONAL SEARCH REPORT

In tional Application No

PCT/US 02/29815

A.
IPC 7

CLASSIFICATION OF SUBJECT MATTER
B01D63/08 BO1D65/00

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

IPC 7

Minimum documentation searched (classification system followed by classification symbols)

BO1D

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO~Internal, PAJ, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category °

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

WO 01 24915 A (JACHUCK ROSHAN JEET JEE
;SCOTT KEITH (GB); UNIV NEWCASTLE (GB))
12 April 2001 (2001-04-12)

page 3, line 24 -page 4, line 31

WO 00 78429 A (CHISHOLM MARK ;BARTLETT
ANDREW (US); MILLIPORE CORP (US))

28 December 2000 (2000-12-28)

page 7 -page 9; figures 6-8

US 4 576 715 A (MICHAELS JOHN M ET AL)
18 March 1986 (1986-03-18)
the whole document

GB 2 112 293 A (COBE LAB)
20 July 1983 (1983-07-20)
page 3, line 112 -page 4, line 13

- .

1-4,6,7

4,5

m Further documents are listed in the continuation of box C.

E Patent family members are listed in annex.

*A" document defining the general state of the an which is not
considered to be of particular relevance

*E* earlier document but published on or after the international e
filing date

*L* document which may throw doubts on priority claim(s) or

which is cited to establish the publication date of another wye
citation or other special reason (as specified)

‘0" document referring to an oral disclosure, use, exhibition or
other means

'P* document published prior to the international filing date but
later than the priority date claimed *&"' document member of the same patent family

° Special categories of cited documenis :

*T* later document published after the international filing date

or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

document of particular relevance; the claimed invention

cannot be considered novel or cannot be considered to

involve an inventive step when the document is taken alone

document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
ments, such combination being obvious to a person skilled
inthe an.

Date of the actual completion of the international search

25 November 2002

02/12/2002

Date of mailing of the international search report

Name and mailing address of the ISA

European Patent Office, P.B. 5818 Patentlaan 2
NL — 2280 HV Rijswijk

Authorized officer

Tel. (+31~70) 340-2040, Tx. 31 651 epo nl, Marti P
’

Fax: (+31-70) 340~3016

Fom PCT/ISA/210 (second sheet) (July 1992)

page 1 of 2




INTERNATIONAL SEARCH REPORT

In tlonal Application No

PCT/US 02/29815

C.(Continuatlon) DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication,where appropriate, of the relevant passages

Relevant to claim No.

X GB 2 302 042 A (PALL CORP)
8 January 1997 (1997-01-08)
A page 1, line 22 - line 34

page 2, line 6 - line 22
page 7, line 21 -page 8, line 11

Y PATENT ABSTRACTS OF JAPAN

vol. 012, no. 096 (C-484),

29 March 1988 (1988-03-29)

& JP 62 227417 A (TSUCHIYA MFG CO LTD),
6 October 1987 (1987-10-06)

abstract

A DE 296 18 092 U (SARTORIUS GMBH)

12 December 1996 (1996-12-12)

page 5, line 18 - line 21

page 6, line 19 -page 7, 1ine 8; claim 8

2,3,6,7

Form PCT/ISA/210 (continuation of second sheet) (July 1992)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent famlly members

In

tional Application No

PCT/US 02/29815

Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 0124915 A 12-04-2001 AU 7675100 A 10-05-2001
WO 0124915 Al 12-04-2001

WO 0078429 A 28-12-2000 AU 5755100 A 09-01-2001
EP 1196229 A2 17-04-2002
WO 0078429 A2 28-12-2000

US 4576715 A 18-03-1986 AU 555812 B2 09-10-1986
AU 7983682 A 19-08-1982
CA 1193976 Al 24-09-1985
DE 3204486 Al 09-09-1982
DK 54782 A 14-08-1982
FR 2507533 Al 17-12-1982
GB 2092914 A ,B 25-08-1982
GB 2137528 A ,B 10-10-1984
IL 64826 A 28-02-1985
IT 1189219 B 28-01-1988
JP 58030310 A 22-02-1983

GB 2112293 A 20-07-1983 CA 1198686 Al 31-12-1985
DE 3236310 Al 21-04-1983
FR 2513896 Al 08-04-1983
GB 2151941 A ,B 31-07-1985
GB 2151942 A ,B 31-07-1985
GB 2151943 A ,B 31-07-1985
I7 1152566 B 07-01-1987
JP 58070810 A 27-04-1983
NL 8202703 A 02-05-1983

GB 2302042 A 08-01-1997 AU 5230496 A 02-01-1997
CA 2178861 Al 14-12-1996
DE 19621868 Al 16-01-1997
FR 2735380 Al 20-12-1996
IT T0960447 Al 24-11-1997
JP 9103623 A 22-04-1997
PL 314746 Al 23-12-1996

JP 62227417 A 06-10-1987  NONE

DE 29618092 u 12-12-1996 Dt 29618092 Ul 12-12-1996

Form PCT/ISA/210 (patent family annex) (July 1892)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

