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(57) ABSTRACT

The invention relates to the filtering of liquid samples,
preferably in a laboratory environment, for example for
collecting micro organisms from the liquid sample for
subsequent testing. The invention provides a method for
filtering a liquid sample which comprises providing a blank
of a deformable sheet material and a filtration medium,
deforming the blank to form a funnel extending above and
about the filtration medium, introducing the liquid sample to
be filtered into the so formed funnel, and filtering the liquid
sample from the funnel through the filtration medium, for
example to a downstream receptacle. The method is accord-
ingly based on the concept that the funnel is not or at least
not completely preformed but provided in a form of a blank
of a deformable material sheet which is deformed so as to
form the funnel at the point and time of use during filtration.
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METHOD AND APPARATUS FOR
FILTERING A LIQUID SAMPLE

[0001] This application is a divisional of U.S. patent
application Ser. No. 14/119,496 filed Feb. 10, 2014, which
is a 371 of International Application No. PCT/US2012/
041568 filed Jun. 8, 2012, which claims the benefit of
priority of European Patent Application No. 11290290.3
filed Jun. 27, 2011, the disclosures of which are incorporated
herein by reference in their entireties.

[0002] The present invention relates to the filtering of
liquid samples, preferably in a laboratory environment, for
example for collecting micro organisms from the liquid
sample for subsequent testing.

[0003] Devices for filtering liquid samples and methods
employing such devices mainly rely on a vacuum filter
apparatus which comprises generally an upper reservoir
member for receiving the liquid sample, a support for a
filtration membrane at a bottom of the upper reservoir
member, and a lower reservoir member for receiving and
holding the liquid having passed the filtration membrane.
The upper and lower reservoir members can be separated
from each other so as to gain access to the filtration
membrane carrying the micro organisms. The membrane is
then manually transterred with the filtered micro organisms
on it, preferably by the use of tweezers, to other processing
equipment or stages, i.e. a Petri dish or a pad impregnated
with liquid media.

[0004] Vacuum filtration devices for this purpose exist in
a number of concepts. Some of them are for multiple use so
that cleaning and sterilization is required between the pro-
cessing of different batches of liquid samples. Others being
disposable or one-way devices which are discarded after the
use. Other higher sterility standards required individual
sterile packaging which directly impacts the overall product
size.

[0005] There is a recent trend in the pharmaceutical and
food and beverage industries that volumes of liquid samples
to be filtered in such devices increase to volumes of 100 ml
or more and there is a simultaneous trend towards an
increased sustainability which forces these industries to
reduce the amount of resources used and the size and weight
of waste produced by such processes because storage, ship-
ment and waste processing incurs increased costs and envi-
ronmental impact. Even for multi-use equipment the waste
incurred by sterilization and cleaning leaves a negative
environmental foot-print due to the necessity to produce,
treat, process and dispose of the sterilizing and cleaning
agents and to consume energy.

[0006] A multiple-use example of a filter device or funnel
commonly used in chemical or other laboratories for the
vacuum filtration of liquids, wherein the filter is to be readily
removable after a filtration, is described in WO 97/27925.
This vacuum filter funnel consists of two pieces, i.e. an
upper reservoir member and a lower spout member which
are removably combined for the filtration process. A filter
disk rests on an integral grid at a top of the lower spout
member and is held in place between the upper and lower
members by solely the weight of the upper member. The
filter disk is readily removed after simply lifting up the upper
reservoir member. Both the reservoir and spout members are
preferably constructed of a chemical and heat-resistant
organic plastic so that the parts may be sterilized in an
autoclave.
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[0007] U.S. Pat. No. 4,301,010 discloses another vacuum
filter funnel useful for separating solids from liquids which
comprises a funnel with a lower spout which protrudes
through a bottom outlet of a vacuum intake member. An
upper funnel member has a perforated bottom plate on
which a filter medium is removably positioned and held in
place on the support by a threaded sleeve screwed into the
upper funnel member until its lower surface abuts the filter
medium at the periphery and holds it tightly against the
perforated plate. This apparatus also is a re-usable device.

[0008] U.S. Pat. No. 3,838,978 discloses a further appa-
ratus for performing laboratory vacuum filtration with a
removable filter element. The device comprises a glass
funnel which has a cylindrically shaped upper wall, a
frustoconical intermediate section and a hollow cylindrical
stem. A porous disk is provided for holding a filter paper
removably held over an upper surface of the disk by an
O-ring seated in a peripheral groove formed in the peripheral
side of the disk. The assembly of the porous disk, the piece
of filter paper and the elastomeric O-ring is inserted into the
cylindrically shaped upper wall of the glass funnel.

[0009] U.S. Pat. No. 7,661,538 B1 discloses a disposable
vacuum filtration funnel usable for filtering fluids. The
filtration funnel contains a cup-shaped rigid element with a
peripheral wall and a filter on a drain structure at the bottom
portion. The filter, for example a micro porous filter, is
sealed to a filter seal surface on the bottom portion with a
heat seal, an ultrasonic seal, a solvent seal, a glue seal or any
other type of liquid-tight seal. The filter support supports the
filter and places the downstream side of the filter in fluid
flow communication with an outlet of the vacuum filtration
funnel. A further pre-filter can be removably inserted into the
cylindrical upper part and held therein by means of a seal
ring which is pressed-fit into the funnel so that an outer
surface of the seal ring presses against an inner wall of the
vacuum filtration funnel and a bottom surface of the seal ring
presses against the top surface of the outer periphery of the
pre-filter to seal the pre-filter to the vacuum filtration funnel.

[0010] None of these devices is suitable to cope with the
apparent demands of sustainability.

[0011] It is an object of the present invention to provide a
method of filtering a liquid sample and an apparatus for
filtering a liquid sample which meets these requirements.

[0012] To solve this problem the present invention pro-
vides a method for filtering a liquid sample as defined in
claim 1 and an apparatus for filtering a liquid sample as
defined in claim 5 as well as a blank as defined in claim 13
for use in the method or in combination with the apparatus.
Preferred embodiments of the method, of the apparatus and
of the blank are defined in the dependent claims.

[0013] The present invention provides a method for fil-
tering a liquid sample which comprises providing a blank of
a deformable sheet material and a filtration medium, deform-
ing the blank to form a funnel extending above and about the
filtration medium, introducing the liquid sample to be fil-
tered into the so formed funnel, and filtering the liquid
sample from the funnel through the filtration medium, for
example to a downstream receptacle.

[0014] The present invention is accordingly based on the
concept that the funnel is not or at least not completely
preformed but provided in a form of a blank of a deformable
material sheet which is deformed so as to form the funnel at
the point and time of use during filtration.
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[0015] The apparatus for performing such a filtering
method comprises a bowl defining a cavity, a first holder for
holding a peripheral portion of a blank of sheet material and
a piston located in the cavity and including a support for the
filtration medium. The support communicates with a drain
for the liquid, i.e. a downstream receptacle, and the piston
includes the second holder for holding a more central
portion of the blank of the sheet material about this support.
In order to deform the blank to form a funnel, the bowl and
the piston are movable relative to each other such that the
blank of sheet material held at the first and second holders
is deformed at the point and time of use within the cavity to
extend above and about the filtration membrane on the
support.

[0016] The remarkable advantages of the concept of the
present invention are that the blank of the deformable
material sheet provided to form the funnel can be stored,
before use, in a flat form and requires only a minimum
storage volume even if stored in large quantities. Further-
more, the amount of material used to form the blank can be
very small so that the environmental impact is considerably
reduced as compared to existing filtration concepts based on
a rigid funnel structure. Since the material sheet more or less
returns to its original flat form after use, the volume of the
waste is considerably reduced as well as compared to
existing structures.

[0017] In the method and the apparatus the funnel can be
expanded in the bowl to the required filtration volume with
the aid of the piston and, preferably, by the application of
vacuum. After the filtration of the sample liquid, which can
be effectuated by the aid of vacuum as well, the funnel can
be discarded and the filter membrane can be removed and
subjected to further analysis, i.e. microbial testing.

[0018] The concept of the invention additionally provides
considerable flexibility as regards the volume of the funnel
since the deformation can be effected in a scaled manner.
This could either save cost if varying volumes are required
but identical blanks are used so that the number of varieties
of blanks is reduced or could save time if identical blanks are
deformed less if smaller volumes are sufficient. Alterna-
tively, considerably different sample volumes can be dealt
with using the same apparatus or equipment if different
blanks are provided that are suitable to be deformed into
funnels of different volume.

[0019] The present invention will now be described by
way of example referring to preferred embodiments of an
apparatus for filtering the liquid sample which is shown in
the attached drawing. Variations of the method and the
apparatus are of course possible and are described in con-
nection with the various features where the modifications
could be made.

SHORT DESCRIPTION OF THE DRAWING

[0020] In the drawing:

[0021] FIGS. 1A and 1B show a blank of sheet material for
use in the method and in combination with the apparatus of
the present invention in two different embodiments;

[0022] FIG. 2 shows an example of a progressive defor-
mation of a blank to form a funnel in accordance with the
method and apparatus of the present invention;

[0023] FIGS. 3A, 3B and 3C show variations of the blank
and membrane for use in the method and in combination
with the apparatus of the present invention;
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[0024] FIG. 4A shows an embodiment of an apparatus of
the present invention in a partly cutaway view before the
blank is placed on the holder;

[0025] FIG. 4B shows an embodiment of an apparatus of
the present invention in a partly cutaway view shortly after
the deformation process has commenced;

[0026] FIGS. 5A and 5B show the apparatus in a partly
cutaway view in a further deformed state of the blank in two
variations;

[0027] FIG. 6 shows a completely deformed state of the
blank to explain specific aspects of the apparatus of the
invention in a partly cutaway view;

[0028] FIG. 7 shows a completely deformed state of the
blank during a filtration step in the apparatus of the present
invention in a partly cutaway view;

[0029] FIGS. 8 and 9 show the step of removing the blank
having formed the funnel in the apparatus of the present
invention in a partly cutaway view;

[0030] FIG. 10 shows a detail for facilitating the removal
of the membrane of an embodiment of the apparatus of the
invention in a partly cutaway view;

[0031] FIG. 11 shows the apparatus in a state where the
membrane is fully accessible for manual removal;

[0032] FIG. 12 shows a schematic representation of the
apparatus in a partly cutaway view in two different positions
for creating different funnel volumes;

[0033] FIG. 13 shows a modification of the blank of the
invention with tabs for handling;

[0034] FIG. 14 shows three different packaging formats
for the blank of the invention;

[0035] FIGS. 15 and 16 show a modification of the blank
including a protective film;

[0036] FIGS. 17 and 18 show a modification of the appa-
ratus including a cover mechanism for temporarily removing
the protective film;

[0037] FIG. 19 shows a further modification of the appa-
ratus including a means for separating the filtration medium
from the blank; and

[0038] FIG. 20 shows the apparatus of FIG. 19 in cross
section.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0039] The method and apparatus of the invention for
filtering a liquid sample are based on the general concept of
providing a blank of a deformable sheet material and a
filtration medium and applying a force to deform and expand
at least a portion of the blank at the point and time of
filtration to form a funnel extending above and about the
filtration medium. This funnel may hold the liquid sample
introduced into it and allows filtering of the liquid sample
from the funnel through the filtration medium into a down-
stream receptacle or drain.

[0040] The filtering through the membrane may be
assisted by the application of pressure from the side of the
funnel or the upstream side with respect to the filtration
medium and/or of vacuum to the downstream or drain side
of the filtration medium.

[0041] After the filtration is completed the force applied to
deform and expand the blank to form the funnel is released
and the funnel may completely or at least partially return to
its initial sheet configuration.

[0042] The blank of the material is then separated and
removed from the filtration medium and is discarded.
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[0043] A suitable blank of sheet material for use in the
method and in the apparatus (to be described later) of the
present invention is shown in FIGS. 1A and 1B. The blank
1 is made from a sheet-like material that is liquid imperme-
able and has, preferably in a central area, an opening portion
1d for passing a liquid. The opening portion may be a central
round cut-out as shown in the FIG. 1A but may also be
formed by a cut-out of different shape or by a plurality of
openings or perforations. The blank is made from a material
that has elasticity and/or plasticity/ductility and the material
is selected depending on the expansion and elongation
performance required. Suitable materials are latex, paraffin,
polyolefin, Teflon, thermoplastic elastomer, polyurethane,
polyurethane, polypropylene, polyethylene, silicon, PVDEF,
certain papers or combinations thereof. A material referred
to as “Parafilm” is a particularly preferred material for
forming the blank. Parafilm is a plastic paraffin film with a
paper backing produced by Pechiney Plastic Packaging
Company, Chicago, U.S.A. primarily used in laboratories. It
is commonly used for sealing or protecting vessels. It is
ductile, malleable, waterproof, odorless, thermoplastic,
semi-transparent and cohesive. Thermoplastic polyurethane
such as Platilon from Bayer is also a preferred solution with
a very high elasticity, weldability and water proof barrier.
[0044] Other suitable materials comprise “Dura-Seal”-
films. The dimensions and shape and thickness of the blank
material are selected according to the deformation perfor-
mance of the material and the desired expansion which
determines the volume of the final funnel that can be
achieved by deforming the blank before the material breaks
or tears. The target volume of the funnel is preferably a
range from 50 ml to 250 ml, preferably 100 ml or more, but
larger volumes or smaller volumes are feasible. The blank is
dimensioned such that deforming of it to the funnel creates
the desired hold-up volume of the formed funnel, preferably
of at least 100 ml, preferably of at least 200 ml.

[0045] A typical shape for the blank is disk-shaped or
annular with the cut-out opening portion or the perforated
opening portion located in the centre.

[0046] The blank is identified with the reference numeral
1 throughout the figures.

[0047] A filtration medium 2, preferably in the form of a
membrane, is provided so as to cover the opening portion of
the blank and the filtration medium is liquid tightly con-
nected or connectable to the blank and is dimensioned such
that it entirely covers the opening portion to avoid that liquid
passes from the funnel, i.e. from an upstream side of the
filtration medium to a downstream side of the filtration
medium without passing through the medium.

[0048] The filtration medium may be connected to the
blank from the upper side or from the lower side as sche-
matically shown in FIG. 3A and may, from either side, be
connected to the blank via an intermediate piece 4 which can
be a film or a adhesive that is placed between the medium
and the blank. Such intermediate piece 4 is schematically
shown in FIG. 3B and may serve the purpose to create a
temporary or permanent seal and/or to protect or stiffen the
medium during the forming of the funnel and/or during the
handling subsequent to the filtration. The filtration medium
may accordingly be permanently or releasably welded or
adhered to the blank as shown in FIG. 1B through a
seal/weld 3 or may simply be placed on the material forming
the blank directly or with an intermediate piece provided a
liquid tight sealing interface can be formed. The forming of
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the sealing interface without welding or adhesive, at least
during the step of forming the funnel by deforming the blank
can be assisted, as described later, by vacuum force applied
to the blank and/or the medium.

[0049] In a further embodiment that is schematically
shown in FIG. 3C an underneath piece 5 in the form of a
porous film or adhesive can be placed underneath the
membrane to be used, for example as an aseptic separator.
The connection between the underneath piece 5 and the
membrane 2 may create a temporary or a permanent seal.
The underneath piece could be made of soluble materials.
[0050] The underneath piece 5 may also represent a grid or
supporting element for the forming process, the filtration,
and/or the subsequent handling of the membrane after
filtration if the filtration material is particularly delicate or
frangible and not sufficiently self-supporting.

[0051] The filtration medium is selected according to the
purpose, i.e. dependent on the particles or micro organisms
to be collected and is, except for the dimensions and its
interface with the blank described above, not specifically
designed for the method and apparatus of the invention.
Therefore, any suitable material known in the art can be used
in principle.

[0052] The FIG. 2 shows three stages of the progressive
deforming and extension of the blank 1 wherein 1a identifies
a peripheral portion of the blank, 15 identifies an interme-
diate portion that will form a peripheral wall portion of the
funnel and 1c¢ represents a more central portion that will
form a bottom portion of the funnel. The entire funnel
accordingly surrounds the filtration medium 2 at the more
central portion 1c¢ of the blank representing the opening
portion (either by a central hole or a perforated area),
wherein the shape of the funnel can be pot-like as shown in
FIG. 2 or may be formed with more conical peripheral walls.
The diameter and the depth of the funnel are chosen to
achieve the desired volume for the liquid sample. As
described above, this can be achieved by selecting the shape
and the dimensions of the blank that will produce the desired
volume and shape of the funnel when the pulling and
expanding force is applied to deform the blank of sheet
material.

[0053] The main component parts of an apparatus for
filtering a liquid sample in accordance with the present
invention employing the method of the invention are sche-
matically shown in FIGS. 4 to 12 in cross section and in the
various stages of the operation wherein detail that are not
necessary to explain the invention are omitted.

[0054] The apparatus comprises a bowl 6 defining an
internal cavity 7 which defines the size and possibly the
shape of the funnel to be formed from the blank 1 of
material. A first holder 8 for holding a peripheral portion 1a
of'the blank of material cooperates with the bowl 6 (see FIG.
7) and a piston 9 is located in the cavity 7 so as to be
movable relative to the bowl in the cavity. The piston 9
includes a support 10 for the filtration medium 2, most
preferably a membrane, which is located at a central portion
of the piston and the support 10 communicates with a drain
for the liquid be filtered through the filtration medium. The
piston 9 also comprises a holder 11 for holding the more
central portion 1c¢ of the blank of sheet material 1 about the
support 10 for the filtration medium. This second holder 11
is preferably formed as a sieve with a number of perforations
or grooves formed in large density which is further formed
in a flat or slightly conical surface (see FIG. 6). A vacuum



US 2020/0206655 Al

source 13 is connected or is removably connectable via a
port to one or more channels in the piston 9 communicating
with the second holder 11 for creating a sub-ambient pres-
sure at the second holder that applies an attracting and
holding force to the more central portion 1¢ of the blank
when vacuum is applied.

[0055] The second holder in the peripheral vicinity of the
filtration medium is preferably formed such that no elonga-
tion of the blank and of the medium occurs so as to avoid
separation of the liquid tight sealing state between the blank
and the filtration medium that is formed either by welding or
adhering or simply by a pressure contact between the
filtration medium (and possibly an intermediate piece as
shown in FIG. 3B) and the blank material.

[0056] The support 10 for the filtration medium commu-
nicates with the drain and, preferably, with a vacuum source
12 for assisting the filtration. The support fully supports the
medium 2 and is formed from a highly porous material (i.e.
a stainless steel mesh or a polymer frit) so that the sample
liquid can be drained through the medium either when
pressure is applied on the upstream side of the medium
and/or when vacuum is applied from the downstream or
drain side of the medium. The draining vacuum is applied
preferably when a predetermined volume of the sample
liquid has been filled in the funnel to avoid an early start of
the filtration.

[0057] The relative movement of the piston and the bowl
that effects the deformation and expansion of the blank to the
funnel can be effected by way of a further vacuum source 14
communicating with a chamber 26 formed between the
piston and the bottom of the bowl as shown in FIG. 4B. By
applying the vacuum to the chamber 26 the piston 9 is
moved towards the bottom of the bowl 6 and the movement
can be reversed by applying pressure to the chamber 26
through the communication channel.

[0058] In the shown arrangement of the apparatus of the
invention the bowl is stationary and the piston is moved. A
reversal of this arrangement is possible, i.e. the piston may
be fixed and the bowl may be alternatively moved relative to
it. A simultaneous movement of both, i.e. of the bowl and of
the piston is also possible. While a hydraulic drive of the
piston relative to the bowl is shown and described, a
mechanical drive arrangement including a motor and gears
or a direct linear electric drive is possible but is not shown
in the drawings.

[0059] While the cavity 7 of the bowl 6 shown in the
drawing substantially corresponds to the shape of the funnel
to be formed from the blank of material by deforming it
when the piston is moved relative to the bowl, this volume
does not necessarily have to be circular and its profile in
cross section not necessarily has to correspond to the desired
profile of the funnel. As shown in FIG. 5A certain parts of
the blank may be freely stretched between the first holder 8
and the second holder 11 so as to either assume a radius or
a conical shape. Alternatively, as shown in FIG. 5B, the
second holder 11 may extend nearly to the outer periphery
of the piston and in this case the funnel will assume a
substantially pot-shape since the entire bottom portion of the
blank can be held adhered to the top surface of the second
holder of the piston. In a further modification the bowl could
be reduced to the function of the first holder and the cavity
could be simply a space below the first holder if the driving
of'the piston is effected by a mechanism that does not require
the sealing engagement between the cavity of the bowl and
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the piston as in the hydraulic drive described above. For
example, the hydraulic driving mechanism could include a
separate cylinder/piston arrangement located so as to effect
the desired reversible relative movement between the bowl/
first holder and the piston/second holder.

[0060] As mentioned above, the volume of the cavity
determines the volume of the funnel to be formed from the
blank. There may, however, be distinct intermediate posi-
tions of the relative motion between the piston and the bowl
creating funnels of different volume as shown for example
in FIG. 12. This means, that, based on the same or different
blank, different volumes of funnels can be created with the
same apparatus simply in that the piston (or the bowl) is
moved only a fraction of the possible relative stroke. In
order to define such intermediate volumes, adjustable stop
positions can be provided or a grading 27 can be provided
to the bowl so as to indicate to user the current volume of a
funnel.

[0061] As explained above, the liquid tight connection
between the blank and the membrane can be permanent or
semi-permanent (by welding or adhesive) or can be tempo-
rary only as long as the filtration medium is pressed against
the blank material during the forming process, thereby
forming a temporary seal as long as the vacuum force is
applied to the more central section 1¢ of the blank and/or the
medium.

[0062] The operation of the apparatus shown in the draw-
ing for filtering a liquid sample is as follows:

[0063] First, the blank 1 of deformable material sheet is
placed on a support surface of the bowl 6 and is held at its
peripheral portion 1a by means of the first holder 8. At this
time, the piston 9 is located at its upper position where its top
surface is substantially flush or substantially continuous
with the support surface for the peripheral portion 1a of the
blank. Such a position is shown in FIG. 4A.

[0064] After the blank is fixed by means of the first holder,
the second holder 11 for holding the more central portion 1¢
of the blank about the support 10 for the filtration medium
is activated to fix this portion, and then the piston is moved
downward. This starts the deformation and expansion pro-
cess while the first and second holders maintain their hold-
ing force on the peripheral portion 1a of the blank and on the
more central portion 1¢ of the blank 1, respectively. Such a
position is shown in FIG. 4B.

[0065] An intermediate position between the starting posi-
tion and the final position is shown, for example, in FIGS.
5A and 5B. Once the piston has reached the stroke corre-
sponding to the desired degree of deformation of the blank
or volume of the funnel formed by its deformation, the
piston movement is stopped while the first and second
holder still maintain their holding force on the blank (see
FIG. 6). Then, as shown in FIG. 7, the liquid sample is filled
into the funnel and the draining of the liquid sample through
the filtration medium on the support is started, preferably by
applying a vacuum on the downstream or drain side of the
medium.

[0066] Once the entire sample liquid has been pulled from
the funnel through the filtration medium to the drain, the
piston is moved back to its initial position and the temporary
deformation and expansion of the blank is released and more
or less reversed. During this reverse movement of the piston
the vacuum force applied on the support for the filtration
medium is preferably maintained so as to retain the filtration
medium in position. Once the piston has reached its home or
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starting position, the holding force applied by the first and
second holders is released and the blank of material is
removed from the apparatus (see F1G. 9). The removal of the
blank can be assisted in that the vacuum force applied by the
second holder 11 not only is released but in that a light back
pressure is applied through the communication channels and
the openings/grooves in the sieve (see FIG. 8). The first
holder 8 is only schematically shown in FIGS. 8 and 12 and
is omitted in the other figures for clarity purposes.

[0067] Finally, the filtration medium 2 is removed from
the support 10 in that the vacuum applied from the side of
the drain is released so that the membrane can be removed
with tweezers (see FIG. 11). Preferably, additional means for
assisting separation of the filtration medium from the blank
and/or the support can be provided in the form of a rod-
shaped actuator 15 shown in FIG. 10 for lifting the support
or the medium, by applying a light hydraulic back pressure
through the drain channel. The actuator 15 may be mechani-
cally or hydraulically activated or may be automatically
moved during the upward movement of the piston by way of
a mechanical linkage or a mechanical force applied by a
biasing means like a spring or the like that is released at one
point during the upward movement.

[0068] In order to release the filtration medium from the
support, the support can be lifted up completely providing
access to an edge of the medium, or the medium only can be
lifted up by means of the actuator facilitating gripping of an
edge portion of the medium.

[0069] If the filtration medium is welded or otherwise
permanently connected to the blank of material, a cutting
device 16 may be provided so as to cut the filtration medium
just after the filtration step (see FIGS. 19 and 20). For this
purpose, a movable die 17 may be provided to cut and lift
the medium from the piston 9 after cutting. In this case, the
medium may be removed from the die 17 by means of
tweezers and the blank of material may be retained in the
cavity of the bowl for subsequent removal. The movable die
17 in this case can be formed as an element that includes
cutting instruments for separating the medium from the
blank but the cutting tool can be provided separately. The
operation of the die for cutting and/or lifting the membrane
can be also either hydraulically or mechanically actuated. A
hydraulically activated version is shown in detail in FIG. 20.
[0070] FIG. 13 discloses a preferred embodiment of the
blank which is provided with one or more peripheral tabs 27
which facilitate the handling during the loading and the
unloading operation into and from the apparatus in that the
contact with the sterilized blank and membrane can be more
securely avoided. Furthermore, the peripheral tabs can be
formed so as to interact and engage with the first holder for
holding the peripheral portion of the blank within the
apparatus during the deformation step.

[0071] FIG. 14 shows various packaging formats for the
blank with or without the filtration membrane, which pack-
aging formats can comprise individual pouches 18, a lep-
orello or accordeon-style folded package in the form of a
band with sequentially arranged individual pouches 19, or a
rolled tape provided in a dispenser 20, wherein the connec-
tion between the individual pouches on the tape may be
pre-cut or incised in addition to the folding so that the
individual pouches are releasably provided. Alternatively
the blanks can be releasably provided on a supporting strip
21. Other packaging formats are possible as long as the
requirements of a sterile transport and handling are fulfilled.
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[0072] The blanks can be either packaged together with
the membrane permanently or semi-permanently held in
place on the opening portion of the blanks as described
above or the membranes can be packaged separately from
the blanks.

[0073] Additional aspects of the present invention will
now be described.

[0074] In order to avoid external contamination of the
filtration medium and the blank of deformable material sheet
a protective film or foil 22 may be provided in that it is, for
example, welded or sealed to the blank 1 at the peripheral
diameter 1a, thereby covering the upper portion of the blank
and of the filtration medium that will, after deformation and
expansion, form the funnel for receiving the liquid sample.
A part of the foil within the peripheral boundaries can be
pre-cut or penetrated by appropriate tooling, for example
once the blank with the foil is placed in the apparatus and
held by the first holder, so as to allow the deformation of the
blank to form the funnel (by providing entry of atmospheric
pressure or an inert gas into the volume of the funnel) and
allowing filling of the liquid sample into the volume of the
funnel. If the foil remains connected with the peripheral
diameter of the blank, it can provide some additional rigidity
or support for the blank during the loading and unloading
steps. Such a structure is shown in FIGS. 15 and 16.
[0075] In order to allow a temporary opening and closing
of'the protective film 22, the apparatus may be provided with
a cover mechanism which comprises a removable cover 23
(see FIG. 17) which is provided, at an underside, with a
perforated grid or openings 24 in communication with a
further vacuum source allowing attraction of the protective
film 22 to the underside of the removable cover 23 which
could be either the protective film described above or a
separate protective element. The sequence of steps for
temporarily removing the protective film 22 from the blank
being deformed to form the funnel by means of the cover
mechanism including the vacuum source for allowing filling
of the liquid sample is shown in FIG. 18. In this figure, the
first step 1 is to place the cover 23 on the edge of the bowl,
preferably providing a hermetical seal with the protective
film 22, step II shows grabbing of the protective film 22 by
means of the vacuum. Lifting up of the cover 23 together
with the protective film 22 is shown in step III. The final step
IV then shows how the protective film 22 is put back onto
the blank so as to close the internal volume of the funnel.
[0076] While the present invention has been described
above using a blank of a temporarily deformable material as
an example, the remaining deformation of the blank after
removal from the apparatus depends on the inherent prop-
erties of the material. If the material has a certain plasticity/
ductility, it will retain at least a part of its deformed funnel
shape. This is acceptable as it facilitates removal of the blank
from the apparatus and is moreover not problematic as the
blank is normally discarded after the use. While the above
described apparatus uses hydraulic activation for effecting
the various movements of pistons and/or bowls and/or other
devices, a mechanical drive means is alternatively possible
for each individual moving task. Even direct drive by means
of a servo motor is feasible.

[0077] The described examples are based on an annular/
round shape of the blank that is transformed to the funnel.
It is a matter of course that other shapes of the blank, i.e.
square or rectangular or elliptic or star-shaped blanks are
equally possible.
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[0078] Finally, while the invention has been described
using a disposable blank as an example, it is well possible
within the concept of the present invention to re-use the
blank for repeated filtration processes and, if required, to
sterilize or clean the blanks after each use.

1. A blank for use in a method for filtering a liquid sample,
the method comprising:

providing a blank of deformable and expandable sheet
material and a filtration medium;

deforming and expanding at least a portion of the blank to
form a funnel extending above and about the filtration
medium;

introducing the liquid sample into the funnel;

filtering the liquid sample from the funnel through the
filtration medium;

the blank comprising:

a sheet-like material, said blank having an opening por-
tion for passing liquid, and said blank having elasticity
and/or plasticity and a size and shape selected such that
a portion of the blank is deformable and expandable to
form a funnel.

2. The blank according to claim 1, wherein the blank is
disc-shaped or annular with the opening portion located in
the center.

3. The blank according to claim 1, further comprising a
filtration medium is a filtration membrane, liquid tightly
connectable to the blank, and dimensioned such that it
covers the opening portion.

4. The blank according to claim 1, wherein the blank is
formed a material selected form the group consisting of
latex, paraffin, PTFE, polyolefin, polypropylene, polyethyl-
ene, thermoplastic elastomer, polyurethane, silicon, PVDF,
paper, parafilm and combinations thereof.
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5. A blank for use in combination with apparatus for
filtering a sample, the apparatus comprising:

a first holder for holding a peripheral portion of a blank of

a sheet material;

and a piston located in the cavity and including a support
for a filtration medium, said support communicating
with a drain for the liquid, and said piston including a
second holder for holding a more central portion of the
blank of sheet material about said support; wherein said
bowl and piston are movable relative to each other such
that the blank of sheet material held at the first and
second holders is deformed to form a funnel within the
cavity extending above and about the filtration medium
on the support;

the blank comprising:

a sheet-like material, said blank having an opening por-
tion for passing a liquid, and said blank having elas-
ticity and/or plasticity (ductility) and a size and shape
selected such that a portion of the blank is deformable
to form a funnel.

6. The blank according to claim 5, wherein the blank is
disc-shaped or annular with the opening portion located in
the center.

7. The blank according to claim 5, further comprising a
filtration medium, preferably a filtration membrane, liquid
tightly connected to the blank, in that the membrane is
welded or adhered to the blank and dimensioned such that it
covers the opening portion.

8. The blank according to claim 5, wherein the blank is
formed of a material selected from the group consisting of
latex, paraffin, PTFE, polyolefin, polypropylene, polyethyl-
ene, thermoplastic elastomer, polyurethane, silicon, PVDF,
paper, parafilm and combinations thereof.
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