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CROSSFLOW FILTER DEVICE

Field of the Present Disclosure

The present disclosure relates to the field of crossflow filter devices for filtering pressurised

feed liquids.

Background

Crossflow filtration is a process in which a pressurised feed liquid is forced to flow
tangentially over a membrane permeable to a filtrate derivable from the feed liquid. As the
feed liquid flows over one side of the membrane, the filtrate passes through to the other side
of the membrane, leaving behind a retentate liquid, which is the feed liquid depleted of
filtrate. Media in the feed liquid that do not pass through the membrane are thus

concentrated in the retentate liquid.

Typically, the feed liquid flows in a cyclic manner into a crossflow filter device, over the
membrane, and out again, with the media concentrating in the retentate liquid with each
such cycle. The filtrate which has passed through the membrane exits the device through
an outlet on the opposite side of the membrane. A flow restrictor at the retentate outlet is

used to create pressure within the device.

Example devices are the Vivaflow 500™, Vivaflow 50R™ and Vivaflow 200™ available from

Sartorius.

The Vivaflow 50R™ s formed as a cassette which has rigid, clear plastic, retentate-side and
filtrate-side plates. These plates are thick enough to resist the stresses produced by the
pressure of throughflowing liquids and are bolted together around their perimeters. The
cassette housing thus-formed sealingly contains a flow channel for the feed liquid / retentate
liquid, a permeable membrane, and a plate-like, porous support body which supports the
membrane while allowing relatively unimpeded passage therethrough of liquids, such as the
filtrate. The cassette further features an inlet in the retentate-side plate for the feed liquid to
the flow channel, an outlet in the retentate-side plate for the retentate liquid from the flow
channel, and a further outlet in the filtrate-side plate for the filtrate which has passed through
the membrane and the support body. The flow channel shuttles back and forth over the
retentate surface of the membrane, which helps to expose all the feed liquid to a large
surface area of the membrane, and also introduces a convoluted path to create eddies and

break up linear flow of the feed liquid, thus improving the filtration efficiency of the cassette.
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In the Vivaflow 50R™, the flow channel is formed as a recess in the inner surface of the
retentate-side plate. When the cassette is assembled, the retentate-side plate, membrane,
support body and filtrate-side plate are stacked in that order, and the retentate-side and
filtrate-side plates are then bolted together. As a result, the raised parts of the inner surface
of the retentate-side plate which are outside the recess press against the membrane, and
the front-to-back depth of the flow channel is just the depth of the recess. However, this
arrangement, while being convenient to manufacture and confining the flow path of the feed
liquid to the flow channel, allows some of the feed liquid to short-circuit the shuttling flow
channel due to an incomplete seal being formed between the raised parts of the inner
surface of the retentate-side plate and the membrane. Such short-circuiting impairs the

filtration efficiency of the Vivaflow 200™.

The Vivaflow 200™ performs in the same way as the Vivaflow 50R™, but a difference being
that the feed inlet splits the fluid and directs across the retentate surfaces of two membranes
rather than one. The two membranes sandwich a filtrate collection chamber containing the
porous support body, so that filtrate enters from both sides rather than one. A benefit of this
is that a larger membrane surface area is achieved, increasing filtration speed whilst

minimising the overall device size.

The Vivaflow 50™ is a similar, but smaller, crossflow filter device, also available from

Sartorius. It performs the same function as the Vivaflow 50R™ and Vivaflow 200™ but has
some constructional differences. For example, its retentate-side and filtrate-side plates are
wedged into a thick plastic sleeve to press them together, and are sealed to each other with

a perimeter O-ring.
A need exists for a crossflow filter device that reduces or avoids such short-circuiting.

Summary

According to a first aspect of the invention, there is provided a crossflow filter device for
filtering a pressurised feed liquid,;

wherein the crossflow filter device comprises: a filter membrane; a flow channel for
the pressurised feed liquid which extends in a path over a retentate surface of the
membrane such that the direction of flow in the channel is tangential to the retentate surface,
and a filtrate derived from the feed liquid passes through the membrane leaving retentate
liquid in the flow channel; and a collection chamber for the filtrate formed on an opposite,

filtrate surface of the membrane;



WO 2020/173762 PCT/EP2020/054265

wherein the crossflow filter device further comprises a sealed housing having a
retentate side and a filtrate side which enclose therebetween the flow channel, the filter
membrane and the collection chamber; and

wherein the crossflow filter device further comprises, flow channel guide walls
provided at an inner surface of the retentate side of the housing, which guide walls are
configured to form a fluid tight seal with the filter membrane and thereby define the path of

the flow channel over the retentate surface of the membrane.

Advantageously, by providing guide walls which are configured to form a fluid tight seal with
the filter membrane, the guide walls can provide effective sealing around the edges of the
flow channel, and thereby substantially eliminate short-circuiting of the flow channel by the

feed liquid.

The crossflow filter device of the first aspect may have any one or any combination of the

following optional features.

According to one approach, the flow channel guide walls may be resiliently deformable.
They can then deform and sealingly engage with the filter membrane to form the fluid tight
seal. Advantageously, by providing guide walls which deform and sealingly engage on
contact with the filter membrane, the guide walls can accommodate and seal to different
types of membrane, such that different types of membrane can be used in the same basic

device.

Conveniently, the resiliently deformable flow channel guide walls may be formed of
elastomer, such as thermoplastic poly-urethane (TPU), natural rubber, silicone rubber,
polysilaxane, or latex. The guide walls may have a single component structure, or a multi-
component structure, for example a multilayer structure having layers formed of different

materials such as different ones of the aforementioned elastomers.

The resiliently deformable guide walls may be a separate component of the device from the
housing, and therefore should be correctly presented thereto on assembly of the device.
Conveniently, the inner surface of the retentate side of the housing may include a recess
corresponding to the line of the guide walls and in which the resiliently deformable guide
walls locate to sealingly engage with that inner surface. The recess can help to correctly
position the guide walls on assembly of the device. Particularly if the guide walls are a snug
fit in the recess, it may also help to improve the seal between the guide walls and the inner

surface of the retentate side of the housing.
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Another option, however, is for the resiliently deformable guide walls to be permanently co-
moulded into the retentate side of the housing during manufacture of these parts of the
device. In this way, the guide walls become integral to the housing, and any problems of

sealing the guide walls to the retentate side of the housing are avoided.

The crossflow filter device comprising the resiliently deformable guide walls may further
comprise one or more interconnecting members which extend across the afore-mentioned
cavity, preferably outside the path of the flow channel, to join the inner surface of the
retentate side of the housing to an inner surface of the filtrate side of the housing and
thereby strengthen the housing. The interconnecting members may penetrate through
openings in the membrane and, in devices comprising a foraminous support body
(discussed below), may also penetrate through openings in the support body. The
interconnecting members can strengthen the housing against the pressure of the
throughflowing liquid, and thus allow the thickness of the housing to be reduced. This in turn

can help to reduce manufacturing costs.

The interconnecting members may, for example, be integrally formed as projections from the
inner surface of one of the retentate and filtrate sides of the housing. They may be joined to
the inner surface of the other side using any convenient process, such as ultrasonic welding.
Another option, however, is for the interconnecting members to be integrally formed as pairs
of projections from the inner surfaces of respectively the retentate and filtrate sides of the
housing, each pair of projections meeting at the membrane. In this case, there may be no
need for the interconnecting members to penetrate through openings in the membrane, i.e.
each interconnecting member can be formed by a given pair of projections and a small

region of membrane trapped therebetween.

According to another approach, the guide walls may be welded to the filter membrane, the
weld locally densifying the filter membrane across its entire thickness to form the fluid tight
seal. For example, the weld can be formed by ultrasonic welding. As long as the membrane
can be densified by welding, this option also allows the guide walls to seal to different types
of membrane, such that different types of membrane can again be used in the same basic

device.

When the guide walls are welded to the filter membrane, the device may further comprise
weld support members which extend from an inner surface of the filtrate side of the housing

to support the welds. In particular, the weld support members may also be welded to the
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fiter membrane. The welded guide walls and weld support members, as well as forming the
fluid tight seal, can also help to strengthen the housing in the manner of the interconnecting
members discussed above. In devices comprising a foraminous support body (discussed
below), the weld support members may penetrate through openings in the support body.
Conveniently the guide walls can be integrally formed with the retentate side of the housing
and/or the weld support members can be integrally formed with the filtrate side of the

housing.

The guide walls may be configured such that the path for the flow channel shuttles back and
forth over the retentate surface of the membrane. This improves filtration efficiency by
forcing all the feed liquid to pass over a large area of the membrane, and helps to create

eddies and turbulence to break up linear flow.

The device may further comprise: an inlet to the flow channel for the feed liquid; an outlet
from the flow channel for the retentate liquid; and an outlet from the collection chamber for
the filtrate. In use, external tubes are typically attached to the device at the inlet and outlets,
for example such that an external pump can cycle the feed liquid and retentate liquid through
the device. Conveniently, the inlet to the flow channel and the outlet from the flow channel
may be formed in the retentate side of the housing, and the outlet from the collection

chamber may be formed in the filtrate side of the housing.

One or more of the inlet and the outlets may include a respective rotating Luer cuff for

connection to respective external tubing.

The device may further comprise a foraminous support body located within the collection
chamber, the support body providing mechanical support to the membrane while allowing
relatively unimpeded passage therethrough of the filtrate, e.g. to a filtrate outlet. The support
body may be made, for example, of porous plastic. It may be manufactured by sintering
plastic particulate. However, other materials and/or manufacturing processes can be used.
As an alternative to such a support body, protuberances integrally formed with the housing
may project from an inner surface of the filtrate side of the housing to support the

membrane, the protuberances allowing relatively unimpeded passage therebetween of the

filtrate.

The housing may be formed of transparent material. This allows the operation of the device

to be visually monitored by a user. Conveniently, it can be formed of plastic material.
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However other types of material, such as glass, ceramic or metal may be used for the

housing.

The retentate side and filtrate side of the housing may be formed as respective plates which
sandwich the flow channel guide walls, the filter membrane and the foraminous support body
(if present) therebetween. |n particular, the housing may have a retentate-side plate and a
filtrate-side plate which are sealed together along respective sealing perimeters to form a
cavity therebetween in which the guide walls, the filter membrane, and the foraminous
support body (if present) are housed. An O-ring may be provided around the sealing
perimeters to perfect the seal therebetween. The plates may be sealed together by various
means, for example: ultrasonic welding, heat staking; gluing; or mechanical interference.
The joining of the plates may be performed or supplemented by mechanical fasteners (e.g.
screws, bolts, staples, clamps etc.), integral snap-fit connectors, and/or a wedge-fit
mechanism. Another option is that the sealed housing further includes a moulded or

overmoulded surround which joins the casings together.

The device may further comprise complimentary formations located on opposing sides of the
device and configured such that a formation on one side of a device can engage with the
complimentary formation on the other side of another device such that plural devices can be
joined together in a larger grouping. For example, the complimentary formations may include
a pair of male and female formations such as a rail and a groove. The devices of such a
larger grouping may be fluidly connected in parallel or in series to process larger volumes of

feed liquid.

The device may further comprise external support feet projecting from the filtrate side of the
housing. When the feet are placed on a work surface (e.g. laboratory bench), the device is
thereby raised from the surface giving improved access to e.g. its inlet and the outlets and
particularly any rotating Luer cuff. Also by having the feet project from the filtrate side of the
housing, the collection chamber will be below the filter membrane such that gravity can

assist the passage of filtrate through the membrane.

The device may be sterile, e.g. to a sterility assurance level of at least 10 and preferably of
at least 10®. Typical methods for sterilising the device include ethylene oxide gas and
radiation. Sterility assurance levels can be validated according to an appropriate standard
such as ISO 11135:2014 for ethylene oxide gas and ISO 11137:2006 for radiation.

Advantageously, the device can be configured to reduce trapping areas and improve the
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effectiveness of the chosen sterilisation processes, in particular in the region of the inlet and
outlets. Using ultrasonic welding to join parts of the device is also generally beneficial for
promoting sterility as this joining process does not require the use of fixtures, fasteners,

adhesives or other components that could compromise sterility.

The device may be a dual membrane device having a second filter membrane and
corresponding flow channel and flow channel guide walls on an opposite side of the
collection chamber, i.e. so that the collection chamber is sandwiched between first and
second filter membranes, with filtrate passing through each of the membranes into the
collection chamber. The retentate side of the sealed housing thus becomes a first retentate
side, while the filtrate side of the housing becomes a second retentate side. Typically, the

foraminous support body is located within the collection chamber of such a device.

Optional features discussed above pertain also to corresponding features of this dual
membrane device. Conveniently, when the device comprises the one or more
interconnecting members, these may penetrate through openings in the first and second
membranes and, typically, the foraminous support body. The inlet for feed liquid may be a
single inlet that feeds liquid to both flow channels. The outlet for retentate liquid may be a

single outlet that receives retentate liquid from both flow channels.

Brief Description of the Drawings

Embodiments of the present disclosure will now be described by way of example with

reference to the accompanying drawings in which:

Figure 1 shows a perspective view of a sealed housing of a crossflow filter device;
Figure 2 shows a first exploded view of the crossflow filter device of Figure 1;

Figure 3 shows a second exploded view of the crossflow filter device of Figure 1;

Figure 4 shows a third exploded view of the crossflow filter device of Figure 1;

Figure 5 shows a plan view of the crossflow filter device of Figure 1;

Figure 6 shows a plan view of a variant crossflow filter device;

Figure 7 shows a cross-section through the variant device along the line X-X of Figure 6;
Figure 8 shows a cross-section through a part of a second variant crossflow filter device;

Figure 9 shows a cross-section through a part of a third variant crossflow filter device;
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Figure 10 shows detailed isometric view of the inner surface of one of the side plates of the

third variant crossflow filter device of Figure 9; and

Figure 11 shows the detailed isometric view of Figure 10 with part of a flow distributor and

channel guide walls located on the side plate.

Detailed Description

Figure 1 shows a perspective view of a sealed housing of a crossflow filter device 17, the
housing comprising a retentate-side plate 1 and a filtrate-side plate 2 which define a cavity
therebetween. An inlet 7 for flow of a feed liquid into the cavity is formed in the retentate-
side plate 1, an outlet 8 for flow of a retentate liquid 8 out of the cavity is formed in the
retentate-side plate 1, and an outlet 9 for a flow of filtrate out of the cavity is formed in the

filtrate-side plate 2.

The feed liquid inlet 7 has a female Luer connection, while the retentate liquid outlet 8 and
the filtrate outlet 9 each has a male Luer connection with a respective rotating Luer cuff 6.

The Luer connections allow external tubing connectors to be attached to the device 17.

Figures 2 to 4 are respective exploded views of the crossflow filter device 17 of Figure 1.
Figures 2 and 4 allow the inner surface of the filtrate-side plate 2 to be seen, while Figure 3
allows the inner surface of the retentate-side plate 1 to be seen. The housing plates 1, 2 are
formed as respective square plates, and sandwich therebetween, in order from the retentate
side to the filtrate side: resiliently deformable flow channel guide walls 3, a filter membrane
4, and a foraminous support body 5. The plates 1, 2 are joined together around their
respective perimeters, as discussed in more detail below, to form a sealed module.

Conveniently, the plates 1, 2 may be formed of rigid, transparent plastic material.

The guide walls 3 (best shown in Figure 2) are formed as a single piece elastomer moulding
which, when engaged on one side with the inner surface of the retentate-side plate 1 and on
the other side with the filter membrane 4, defines the path of a flow channel 10 which
shuttles back and forth over the retentate surface of the membrane 4 from the inlet 7 to the
outlet 8. To assist with the correct location of the guide walls 3 in the device 17, the inner
surface of the retentate-side plate 1 has a recess 18 formed therein (shown in Figure 3),
corresponding to the line of the guide walls 3 and into which the walls can be fitted.
Alternatively, the guide walls 3 can be co-moulded to the retentate-side plate 1 such that the

two parts are permanently integrated.
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The guide walls 3 are made of a medically-safe elastomer, such as TPU, natural rubber,
silicone rubber, polysilaxane, or latex, which is highly resistant to leaching. This lowers or
avoids any risk of contamination of filtrates and feed liquids / retentates flowing through the
device 17. The guide walls 3, being elastically compliant, adapt to and accommodate any
irregularities in the retentate surface of the filter membrane 4, forming a good seal around
the edges of the flow channel 10. They thus substantially prevent any short-circuiting of the
flow channel 10 by liquid on the flow path 10 from the inlet 7 to the outlet 8. In addition, they
can adapt to different types of membrane 4 (such as poly ether sulfone membranes,
regenerated cellulose membranes, or cellulose acetate membranes), and can help to
prevent damage to any surface treatment of the membrane 4, such as specialised receptors
attached to the membrane). Thus the same basic filter device can be used in many different
applications, simply by changing the membrane type. In particular, the device 17 can be
used to scale-up or scale-down laboratory bench filtration, e.g. for the production of

biopharmaceuticals such as antibodies.

The foraminous support body 5 fills a collection chamber for the filtrate created by that part
of the housing cavity between the membrane 4 and the inner surface of the filtrate-side plate
2. The support body 5 physically supports the membrane 4 over substantially its entire area,
allowing a pressure difference to be established across the membrane 4 that drives the flow
of filtrate therethrough. The fora on the body 5 are formed such that filtrate can pass
through it relatively unimpeded en route from the membrane 4 to the outlet 9 via the
collection chamber. Conveniently, the body 5 can be a porous plastic body formed by

sintering plastic particulate.

In use, external tubing attached to the feed liquid inlet 7 and the retentate liquid outlet 8 are
joined to an external pump. Further external tubing attaches to the filtrate outlet 9 and
extends to a collection vessel. The pump continuously circulates a feed liquid into the
device via the inlet 7, along the flow channel 10 defined by the guide walls 3, and back to the
pump as retentate liquid from the outlet 8. The direction of flow of the liquid in the flow
channel 10 is tangential to the retentate surface of the membrane 4, and the pressure
differential across the membrane 4 drives the flow of the filtrate derived from the feed liquid
through the membrane 4. A flow restrictor (not shown) at the retentate outlet 9 is used to

create the pressure within the device 17.

The shuttling back and forth of the flow channel 10 forces all of the feed liquid to pass over a

large surface area of the retentate surface of the membrane 4. It also creates eddies and
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turbulence in the feed liquid, which break up linear flow thereof. More specifically, the path
of the flow channel 10 is comprised of a series of consecutive, anti-parallel linear runs that
span a width of the membrane 4 and are connected by successive 180° degree turns.
Figure 5 is a plan view of the crossflow filter device 17, with internal features indicated by

dashed lines, and best shows the path of the flow channel 10.

A result of operating the device is therefore that, as the pump circulates the feed liquid,
filtrate derived from the feed liquid passes through the foraminous support body to collect in
the collection vessel attached to the filtrate outlet 9, and media in the feed liquid that do not

pass through the membrane 4 concentrate in the retentate liquid.

To form the housing, the housing plates 1, 2 may be sealed together along a perimeter
groove 14 of one of the plates (in this example the filtrate-side plate 2, as shown in Figures 2
and 4) and a corresponding perimeter ridge 15 of the other plate, (in this example the
retentate-side plate 1, as shown in Figure 3). The ridge 15 fits into the groove 14 and acts
as an energy director allowing the plates 1, 2 to be ultrasonically welded together around
their perimeters. This seals the cavity in which the guide walls 3, filter membrane 4, and
support body 5 are located, with a suitable spacing between the plates 1, 2 so that the guide
walls 3 properly engage with the filter membrane 4 and the inner surface of the retentate-
side plate 1. Due to their deformability, the guide walls 3 allow variation in the stand-off

between the filter membrane 4 and the inner surface of the retentate-side plate 1.

However, to control this standoff, while also strengthening the housing against the pressures
which it experiences in operation, interconnecting members 16 may be provided to
physically link the inner surfaces of the housing plates 1, 2. The interconnecting members
16 penetrate, outside the path of the flow channel 10, through dedicated openings in the
membrane 4 and in the support body 5. For example, the interconnecting members 16 can
be formed as projections from the inner surface of one of the plates (in this example, the
retentate-side plate 1), and on assembly of the device 17 can be joined to the inner surface
of the other plate (in this example, the filtrate-side plate 2) by a suitable joining process.
Conveniently, the interconnecting members 16 can act as further energy directors, allowing
them to be ultrasonically welded to the other plate. By strengthening the housing, they allow
the housing plates to be manufactured from thinner material than would otherwise be the

case.



WO 2020/173762 PCT/EP2020/054265
11

The filtrate-side plate 2 has external feet 11 (shown in Figures 3 and 4) at each of its corners
on which the device 17 can rest. When the feet 11 are placed on a work surface, the device
17 is supported such that the collection chamber lies directly below the membrane 4. This
allows gravity to assist the flow of filtrate through the membrane 4. In addition, the feet 11
raise the level of the entire device so that the Luer cuff 6 for the outlet 9 can be rotated

unimpeded.

Opposite edges of the housing have respectively a mounting groove 12 and a mounting rail
13. These are configured such that the mounting groove 12 of one device 17 can engage
with the mounting rail 13 of a second device 17, allowing a number of devices 17 to be
joined together in a larger grouping, and then fluidly connected in series or in parallel to
increase the ability to filter larger volumes. Each of the mounting groove 12 and the rail 13 is

partly formed by one of the plates 1, 2 and partly by the other plates 1, 2.

The device may be produced as sterile, with typical sterilisation methods including ethylene

oxide gas and radionuclide, X-ray or electron beam radiation.

Figure 6 shows a plan view of a variant of the crossflow filter device 17, again with internal
features indicated by dashed lines, and Figure 7 shows a cross-section through the variant
device along the line X-X. Features common to the variant device and the device of Figures

1 to 5 have the same reference numbers.

Instead of the resiliently deformable flow channel guide walls 3, the variant device has rigid
plastic guide walls 3’ to define the path of the flow channel 10. The walls are part of the
moulding that also forms the retentate-side plate 1, and are permanently ultrasonically
welded to the filter membrane 4. This welding locally densifies the membrane across its full
thickness to form a fluid tight seal which prevents any short-circuiting of the flow channel 10

by liquid on the flow path 10 from the inlet 7 to the outlet 8.

To support the welds, support walls 20 project from the inner surface of the filtrate side plate
2 across the collection chamber and mirroring the line of the guide walls 3. Conveniently,
these support walls are part of the moulding that also forms the filtrate-side plate. The
support walls penetrate through corresponding openings in the support body 5 and are also
permanently joined to the filter membrane 4 by the ultrasonic welding. Figure 7 shows a

magnified view A of the cross-section at one of the welds,
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Advantageously, the support walls 20, in combination with the guide walls 3’, strengthen the
housing in the same manner as the interconnecting members 16 of the device of Figures 1
to 5.

Figures 8 to 11 show cross-sections and isometric views of parts of second and third variant
crossflow filter devices. As before, features common to the second and third variant devices

and the devices of Figures 1 to 7 have the same reference numbers.

The variant of Figure 8 is a dual membrane device in which first and second filter
membranes 4 sandwich opposite sides of the support body 5. In this way filtrate enters the
collection chamber from both sides rather than just one to increase filtration speed whilst

maintaining essentially the same overall device size.

Conveniently, the dual device has a single inlet 7 (and a corresponding single retentate
outlet — not shown) which feeds liquid to the flow channels 10 of both membranes 4. The
inlet 7 extends in the plane of the device from one of the housing side plates 1, with
passages 19 being moulded into both housing side plates 1, 2 to bring the liquid from the
inlet to the flow channels on either side of the support body 5. To facilitate formation of the
passage 19 during moulding of the side plate 2 which does not have the inlet, the plate 2 is
moulded with its passage 19 open to the external face of the plate. The passage is

thereafter closed off on the external face beneath a separately moulded cover piece 20.

The variant of Figures 9 to 11 is a further dual membrane device. It differs from the device
of Figure 8 in that the inlet 7 extends perpendicularly to plane of the device from one of the
housing side plates 1. Again passages 19 are created in both side plates 1, 2 to bring the
liquid from the inlet to the flow channels 10 of both membranes 4. In this variant, however,
the passages are formed by moulding matching recesses 25 in the inner surfaces of both
side plates, as shown in Figure 10, and providing apertures in the membranes 4 and the
support body 5 which are aligned with these recesses. A distributor body 21 extends
through the apertures and at each end into the matching recesses. This body has a central
bushing 22 with an axial hole to allow liquid to pass from side-to-side across the device, and
also has sealing caps 23 on both ends of the bushing which seal on each side of the
distributor body to the respective filter membrane 4 to prevent liquid leaking through the

aligned membrane apertures and thereby bypassing the membranes themselves.

The passages 19 are formed by respective arrays of slits 26 which radiate outwardly from

central wells 27 formed in the bases of the recess 25 to provide fluid communication
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between the ends of the axial hole of the bushing 22 and the flow channels 10. The sealing
caps 23 of the distributor body 21 are sandwiched between the bases of the recess 25 to

hold the body in place. The bushing 22 and one of the sealing caps 23 (for example shown
in Figure 11) can be formed by co-moulding. However, the other sealing cap 23 (not shown
in Figure 11), can only be fitted to the bushing after it has been inserted through the aligned

apertures of the membranes 4 and the support body 5.

It will be understood that the invention is not limited to the embodiments above-described
and various modifications and improvements can be made without departing from the
concepts described herein. Except where mutually exclusive, any of the features may be
employed separately or in combination with any other features and the disclosure extends to
and includes all combinations and sub-combinations of one or more features described

herein.
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CLAIMS

1. A crossflow filter device (17) for filtering a pressurised feed liquid;

wherein the crossflow filter device comprises: a filter membrane (4); a flow channel
(10) for the pressurised feed liquid which extends in a path over a retentate surface of the
membrane such that the direction of flow in the channel is tangential to the retentate surface,
and a filtrate derived from the feed liquid passes through the membrane leaving retentate
liquid in the flow channel; and a collection chamber for the filtrate formed on an opposite,
filtrate surface of the membrane;

wherein the crossflow filter device further comprises a sealed housing having a
retentate side (1) and a filtrate side (2) which enclose therebetween the flow channel (10),
the filter membrane (4) and the collection chamber; and

wherein the crossflow filter device further comprises flow channel guide walls (3, 3°)
provided at an inner surface of the retentate side (1) of the housing, which guide walls are
configured to form a fluid tight seal with the filter membrane (4) and thereby define the path

of the flow channel (10) over the retentate surface of the membrane.

2. The crossflow filter device (17) according claim 1 wherein the flow channel guide
walls (3), which are resiliently deformable, deform and sealingly engage with the filter

membrane (4) to form the fluid tight seal.

3. The crossflow filter device (17) according claim 2 wherein the inner surface of the
retentate side (1) of the housing includes a recess (18) corresponding to the line of the guide
walls (3) and in which the guide walls locate to sealingly engage with the inner surface of the

retentate side of the housing.

4. The crossflow filter device (17) according to claim 2 wherein the guide walls (3) are

permanently co-moulded into the retentate side of the housing.

5. The crossflow filter device (17) according to any one of claims 2 to 4 which further
comprises one or more interconnecting members (16) which extend across the cavity
outside the path of the flow channel (10) to join the inner surface of the retentate side (1) of
the housing to an inner surface of the filtrate side (2) of the housing and thereby strengthen

the housing.

6. The crossflow filter device (17) according to claim 5 wherein the interconnecting

members (16) penetrate through openings in the membrane (4).
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7. The crossflow filter device (17) according claim 1 wherein the guide walls (3’) are
welded to the filter membrane (4), the weld locally densifying the filter membrane across its

entire thickness to form the fluid tight seal.

8. The crossflow filter device (17) according claim 7 wherein the device further
comprises weld support members (20) which extend from an inner surface of the filtrate side

(2) of the housing to support the welds.

9. The crossflow filter device (17) according claim 8 wherein the weld support members

(20) are also welded to the filter membrane (4).

10. The crossflow filter device (17) according to any one of the previous claims wherein
the guide walls (3) are configured such that the path for the flow channel (10) shuttles back

and forth over the retentate surface of the membrane (4).

11. The crossflow filter device (17) according to any one of the previous claims wherein
the housing includes: an inlet (7) to the flow channel (10) for the feed liquid; an outlet (8)
from the flow channel for the retentate liquid; and an outlet (9) from the collection chamber

for the filtrate.

12. The crossflow filter device (17) according to any of the previous claims which further
comprises a foraminous support body (5) located within the collection chamber, the support
body providing mechanical support to the membrane (4) while allowing relatively unimpeded

passage therethrough of the filtrate.

13. The crossflow filter device (17) according to any of the previous claims wherein the
housing has a retentate-side plate (1) and a filtrate-side plate (2) which are sealed together
along respective sealing perimeters to form a cavity therebetween in which the guide walls

(3) and the filter membrane (4) are housed.

14. The crossflow filter device (17) according to any of the previous claims wherein the
device further comprises complimentary formations (12, 13) located on opposing sides of the
device and configured such that a formation on one side of a device can engage with the
complimentary formation on the other side of another device such that plural devices can be

joined together in a larger grouping.

15. The crossflow filter device (17) according to any of the previous claims wherein the

device further comprises legs (11) situated on the sealed housing.



WO 2020/173762 PCT/EP2020/054265

1/10

Fig. 1



PCT/EP2020/054265

WO 2020/173762

2/10




WO 2020/173762 PCT/EP2020/054265

3/10




WO 2020/173762 PCT/EP2020/054265

4/10




WO 2020/173762 PCT/EP2020/054265

5/10




PCT/EP2020/054265

6/10

WO 2020/173762

-
-

__"___________________'_____'_______'_____'_______'_____'_____________'_______________"_‘

o o

R —

17

Fig. 6



WO 2020/173762 PCT/EP2020/054265

710

Fig. 7



WO 2020/173762 PCT/EP2020/054265

8/10




WO 2020/173762 PCT/EP2020/054265

9/10

Fig. 9



PCT/EP2020/054265

WO 2020/173762

10/10

™
(QV]

16

Fig. 11



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2020/054265

A. CLASSIFICATION OF SUBJECT MATTER

INV. BO1D61/14 BO1D61/18 BO1D65/00 BO1D63/08
ADD.

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

B. FIELDS SEARCHED

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 practicable, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 6 312 591 B1 (VASSAROTTI VINCENZO [CH] 1-15
ET AL) 6 November 2001 (2001-11-06)
Y claim 1 2-4,7-9
figures 1,2,5,13

column 1, line 10 - line 19

column 5, line 14 - column 6, line 14
X US 5 601 727 A (BORMANN THOMAS J [US] ET 1-15
AL) 11 February 1997 (1997-02-11)
Y abstract 2-4,7-9
figures 3-5

column 4, line 66 - column 5, line 1
column 6, line 67 - column 7, line 60
column 12, line 64 - column 13, line 10

_/__

Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents : . . . . L
"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance

"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be

filing date considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other

. e "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified)

considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

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

Date of the actual completion of the international search Date of mailing of the international search report

31 March 2020 09/04/2020

Name and mailing address of the ISA/ Authorized officer

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

Tel. (+31-70) 340-2040, . . .
Fax: (+31-70) 340-3016 Williams, Jennifer

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2020/054265

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

30 August 1994 (1994-08-30)
column 10, Tine 7 - line 32

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 5 593 580 A (KOPF HENRY B [US]) 1-15
14 January 1997 (1997-01-14)
Y figures 2,7 2-4,7-9
column 7, Tine 64 - column 8, line 44
column 10, line 62 - column 11, Tine 41
Y US 5 342 517 A (KOPF HENRY B [US]) 2-4,7-9

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2020/054265
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 6312591 Bl 06-11-2001 GB 2329132 A 17-03-1999
us 6312591 Bl 06-11-2001

US 5601727 A 11-02-1997 AU 3066692 A 07-06-1993
CA 2074671 Al 05-05-1993
CN 1073614 A 30-06-1993
us 5601727 A 11-02-1997
WO 0308904 Al 13-05-1993
ZA 9208515 B 14-06-1993

US 5593580 A 14-01-1997 AT 223253 T 15-09-2002
AU 5354896 A 02-10-1996
DE 69623451 D1 10-10-2002
DE 69623451 T2 18-06-2003
DK 0814896 T3 06-01-2003
EP 0814896 Al 07-01-1998
JP H11501866 A 16-02-1999
us 5593580 A 14-01-1997
WO 0628240 Al 19-09-1996

US 5342517 A 30-08-1994 US 5342517 A 30-08-1994
WO 9415693 Al 21-07-1994

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - claims
	Page 17 - claims
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - wo-search-report
	Page 29 - wo-search-report
	Page 30 - wo-search-report

