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Description

Background of the Invention

1. Field of the Invention

[0001] This invention relates to a filter package con-
taining a filter immersed in a liquid and to a method of
forming such a filter package. More particularly, it relates
to a filter package the contents of which are sanitized
and preferably sterilized.

2. Description of the Related Art

[0002] It is common for filters to be stored and shipped
in a wet state, immersed in a suitable liquid within a
package. There are several reasons for packaging a fil-
ter in this manner. Some filters are not readily wettable
by the liquid which they are intended to filter and so are
usually prewetted with another liquid having a lower sur-
face tension to prepare the filter for filtration. As a serv-
ice to the customer, some filter manufacturers perform
prewetting at the factory where the filter is manufac-
tured. In order to prevent the prewetted filter from drying
out during storage or shipment, the filter is packaged in
a sealed bag containing a suitable liquid which keeps
the filter wetted until it is ready to be used.
[0003] Other types of filters, such as ultrafiltration and
reverse osmosis membranes, are not "prewetted" by the
manufacturer but are nevertheless shipped to the cus-
tomer in a wet state in order to maintain their permse-
lective properties. These filters are typically stored and
shipped in packages containing a humectant such as
glycerin which keeps the filter wet.
[0004] Another reason for packaging a filter in a wet
state is that it is easier to ensure the cleanliness of such
a filter than if it is packaged in a dry state. Thus, even
filters which do not require prewetting and which do not
need to be kept wet to maintain their filtering properties
may be packaged in a wet state for reasons of cleanli-
ness.
[0005] In order to give a filter package containing a
wet filter a suitable shelf-life, hydrogen peroxide or other
bactericide is usually added to the liquid within the pack-
age in order to prevent bacterial growth between the
time of manufacture and the time that the purchaser
opens the package.
[0006] Even though the amount of the bactericide is
relatively small (typically around 3% in the case of hy-
drogen peroxide), in some applications, and particularly
in the manufacture of semiconductors, the bactericide
is an undesirable contaminant. Accordingly, there is a
need for a filter package containing a filter in a wet state
which has a long shelf-life yet which contains substan-
tially no contaminants.
[0007] US-A-4727705 discloses a method in which a
prewet filter cartridge is placed in a bag with a few mil-
lilitres of water and then autoclaved within the bag. US-

A-4727705 does not disclose immersion of the filter in
a liquid in the bag.

Summary of the Invention

[0008] It is an object of the present invention to pro-
vide a filter package containing a filter and a noncon-
taminating liquid with substantially no contaminants, the
filter package having a long shelf life without employing
bactericides.
[0009] It is another object of the present invention to
provide a method of preparing such a filter package.
[0010] In accordance with a first aspect of the inven-
tion, there is provided a filter package comprising: a flex-
ible bag impervious to microorganisms and liquid water;
a filter enclosed in the bag; and water at least partially
filling the bag and entirely immersing the filter.
[0011] The water preferably contains substantially no
substances, such as bactericides, which could be con-
sidered contaminants with respect to the filter. For ex-
ample, the level of contaminants in the water is prefer-
ably at most in the parts per billion range. In preferred
embodiments, the water is deionized water having an
initial resistivity of at least 18 MΩ cm.
[0012] The bag may be equipped with a venting
mechanism for venting vapor from the bag during heat-
ing.
[0013] The filter in the bag may be merely wet by the
water, i.e., have its surface contacted by the water, or it
may be wetted by the water, i.e., have its pores substan-
tially permeated by the water in the container.
[0014] In accordance with a second aspect of the in-
vention, there is provided a method of forming a filter
package comprising: disposing a filter in a flexible bag;
at least partially filling the bag with a first liquid; and san-
itizing the first liquid and the filter in the bag with the filter
entirely immersed in the first liquid.
[0015] The liquid and the filter are preferably sterilized
while in the container. If desired, the container may be
hermetically sealed after sanitizing.
[0016] The contents of the filter package of the
present invention are at least sanitized, i.e., all or sub-
stantially all non-spore producing microorganisms are
killed, and preferably the contents of the package are
fully sterilized. In this description, "sterilizing" is included
within the scope of the term "sanitizing". Thus, a sani-
tized filter package according to the present invention
may be one which has been fully sterilized or one which
has been sanitized without being fully sterilized.
[0017] The sanitizing can be performed in any manner
which will not damage or degrade the filter or the bag.
In preferred embodiments, sanitizing is performed by
heating the liquid and the filter within the bag. When san-
itizing is performed by heating, the bag may be vented
during sanitizing to permit vapor of the liquid to exit from
the bag and prevent the build-up of pressures which
could damage the bag.
[0018] A filter package according to the present inven-
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tion is not restricted to one having any particular type of
filter. For example, the filter may be either hydrophilic or
hydrophobic, it may be a filter for filtration of gases, liq-
uids, slurries, or mixtures of more than one phase, and
the mechanism by which it performs filtration is not im-
portant. A few examples of various types of filters which
may be employed in the present invention are particu-
late filters, particularly for use in the semiconductor in-
dustry, coalescers, ultrafiltration membranes, and re-
verse osmosis membranes.
[0019] If desired, the filter may be prewetted prior to
being immersed in liquid in the bag so that it can be com-
pletely wetted by the liquid in which it is immersed.

Brief Description of the Drawings

[0020] Figure 1 is a schematic elevation of a filter
package according to the present invention prior to san-
itizing.
[0021] Figure 2 is a schematic elevation of the filter
package of Figure 1 after being hermetically sealed.
[0022] Figure 3 is a partly cross-sectional view of the
venting mechanism of the embodiment of Figure 1.
[0023] Figure 4 is a schematic elevation of a filter
package in which a venting mechanism is formed by a
semipermeable membrane.
[0024] Figure 5 is a schematic plan view of an assem-
bly including a plurality of filter packages connected to
a common vent filter.
[0025] Figures 6 and 7 are side elevations of different
types of vent filters which can be employed in the
present invention.
[0026] Figure 8 is a cross-sectional elevation of a filter
assembly which can be formed into a filter package ac-
cording to the present invention.
[0027] Figure 9 is a partially cross-sectional view il-
lustrating the use of flexible tubing to connect a filter as-
sembly to a vent filter.
[0028] Figure 10 is a partially cross-sectional view il-
lustrating a method of venting a filter housing on both
the upstream and downstream sides of a filter element.
[0029] Figure 11 is a partially cross-sectional explod-
ed view of a portion of a filter assembly having a filter
membrane mounted directly on a fluid port of the filter
assembly.
[0030] Figure 12 is a partially cross-sectional view of
the outlet of the filter assembly of Figure 11 as it appears
during sanitizing.

Description of Preferred Embodiments

[0031] Figures 1 and 2 schematically illustrate a meth-
od of preparing a filter package according to the present
invention: A filter 10 and a noncontaminating liquid 30
are placed in a container, such as a bag 20, to immerse
the filter 10 in the noncontaminating liquid 30. After the
bag 20 is closed to prevent liquid or microorganisms
from entering it, the filter 10 and the noncontaminating

liquid 30 are sanitized and preferably sterilized while in
the bag 20. Next, as shown in Figure 2, the bag 20 is
preferably hermetically sealed to obtain a completed fil-
ter package.
[0032] Prior to being placed into the bag 20, the filter
10 may be prewetted so that it can be readily wetted by
the fluid with which it is to be used and thus be ready for
use by the customer. Alternatively, depending on the na-
ture of the filter 10, its end use, and the requirements of
the purchaser, the filter 10 may be packaged without be-
ing prewetted. However, if a high degree of cleanliness
of the filter 10 is important and if the filter 10 is not readily
wettable in a dry state by the noncontaminating liquid
30, then it is preferable to prewet the filter 10 such that
the noncontaminating liquid 30 can readily penetrate the
pores of the filter 10.
[0033] The filter 10 can be prewetted using any known
method appropriate for the type of the filter 10. For ex-
ample, the standard prewetting procedures recom-
mended by the manufacturer of the filter 10 are suitable.
A common method of prewetting is to immerse the entire
filter 10 in a vessel containing a prewetting liquid having
a low surface tension, such as isopropyl alcohol or me-
thyl alcohol, and to allow the prewetting liquid to perme-
ate the filter medium. The prewetting liquid is preferably
filtered prior to use in order to remove any possible par-
ticulate contaminants from the prewetting liquid. If the
prewetting liquid would be a contaminant in the fluid sys-
tem in which the filter 10 is to be used, the prewetting
liquid is preferably flushed out of the filter 10 using a
suitable noncontaminating liquid, such as deionized wa-
ter. Flushing of the filter 10 with a noncontaminating liq-
uid can be performed using conventional procedures.
After prewetting and possibly flushing, the filter 10 is dis-
posed in the bag 20 before the filter 10 has had a chance
to dry.
[0034] The bag 20 or other container in which the filter
10 is packaged is not restricted to any particular type
and can be either rigid or flexible. It can be any size and
shape which enables it to completely enclose the filter
10 and the noncontaminating liquid 30 in which the filter
10 is immersed. If the filter 10 is durable enough to with-
stand forces likely to be encountered during storage and
shipment, a flexible, thin-walled bag 20 is particularly
suitable as the container since the bag 20 can be inex-
pensively manufactured and is easy to seal and handle.
[0035] The bag 20 can be made of any material which
is impermeable to the noncontaminating liquid 30 and
to microbes and is capable of withstanding the condi-
tions occurring during sanitizing without decomposing
or releasing contaminants into the noncontaminating liq-
uid 30. The bag 20 is also preferably impermeable to
vapor of the noncontaminating liquid 30 and other gas-
es, and to any liquids which the bag 20 is likely to contact
during storage or shipment. High-temperature thermo-
plastic fluoropolymers are particularly suitable for use
as the bag material because they are strong, light-
weight, readily sealed, and can withstand sterilizing
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temperatures. Examples of suitable materials for the
bag 20 when the noncontaminating liquid 30 is water
are PFA (perfluoroalkoxy), FEP (fluorinated ethylene-
propylene), PVDF (polyvinylidene fluoride), and ECTFE
(ethylene chlorotrifluoroethylene). Non-polymeric mate-
rials such as metal foils may also be used, as may a
combination of one or more materials, such as a lami-
nate of aluminum foil and Mylar film.
[0036] If sanitizing is performed using heating, nucle-
ar irradiation, ozone, or ultrasonics, for example, the bag
20 need not be permeable to light However, it may be
easier to seal the bag 20 if it is made of a transparent
or translucent material so that the filter 10 and the level
of the noncontaminating liquid 30 are visible to the per-
son performing the sealing.
[0037] The type of noncontaminating liquid 30 placed
into the bag 20 and its purity can be selected in accord-
ance with the characteristics of the filter 10 and the fluid
system in which the filter 10 is to be employed. A pre-
ferred noncontaminating liquid is ultrapure deionized
water having an initial resistivity of at least 18 MQ cm
and more preferably at least 18.1 MΩ cm. The initial re-
sistivity of the deionized water refers to its resistivity pri-
or to use and at the time it is placed into the bag 20. Due
to the presence of substances in the air, the filter 10, or
the inside of the bag 20 which may come into contact
with the deionized water during assembly of the filter
package, the resistivity of the deionized water may de-
crease somewhat from its initial resistivity after it is
placed into the bag 20. However, the level of contami-
nants in the deionized water within the bag 20 during
sanitizing is preferably at most in the parts per billion
range. Thus, during sanitizing, the bag 20 preferably
contains essentially only the filter 10, the noncontami-
nating liquid 30, and possibly air or other gas above the
surface of the noncontaminating liquid 30. No bacteri-
cides are present in the bag 20. When the noncontami-
nating liquid 30 is introduced into the bag 20, the filter
10 and the bag 20 may be disposed in an atmosphere
of a gas having a low solubility in the noncontaminating
liquid 30 to prevent gases in the air from being dissolved
in the liquid 30. For example, when the noncontaminat-
ing liquid 30 is deioinized water, the liquid 30 may be
introduced into the bag 20 inside a nitrogen atmosphere
to prevent CO2 in the air from dissolving in the liquid 30.
However, in general, gases present in ordinary clean at-
mospheric air are not contaminants with respect to the
filter 10, so it is typically not necessary to prevent them
from contacting the noncontaminating liquid 30.
[0038] The filter 10 can be of any type and shape ca-
pable of being sanitized. For example, it may have a
pleated or nonpleated filter medium and may include
conventional equipment such as a perforated core, an
outer cage, one or more end caps, and sealing members
(O-rings, etc.) for connecting the filter 10 to a fluid sys-
tem. The filter 10 may be in the form of a cartridge in-
tended for installation in a housing. Alternatively, it may
already be installed in a housing, as long as the housing

does not interfere with prewetting and sanitizing. For ex-
ample, the filter 10 can be installed in a housing having
an opening through which a prewetting liquid and then
the noncontaminating liquid 30 can be introduced to
thoroughly contact the filter 10.
[0039] If the filter 10 is to be used within a short length
of time after being packaged, such as on the same day,
it may be sufficient to subject the contents of the bag 20
to a high degree of sanitization rather than to steriliza-
tion. However, in order to give the filter package as long
a shelf life as possible, it is preferable to subject the en-
tire contents of the bag 20, including the filter 10 and the
noncontaminating liquid 30, to sterilization.
[0040] Any known method of sanitizing which will not
introduce contamination into the bag 20 or damage the
filter 10 or the bag 20 can be used, such as sanitizing
using nuclear irradiation, ultraviolet light, ozone, heat,
or ultrasonics. Sterilization by heating of the noncon-
taminating liquid 30 to a sterilizing temperature is pre-
ferred because it is simple, reliable, and inexpensive.
Heating can be performed in a variety of ways, such as
by disposing the bag 20 in an autoclave, in a microwave
oven, in a pressure cooker, or in a vessel of boiling water
or other liquid at a sterilizing temperature. During sani-
tizing, the filter 10 is entirely immersed in the noncon-
taminating liquid 30 in the bag 20 both before and after
sanitizing to prevent pores of the filter 10 from drying
out during the sanitizing process. If the filter 10 is neg-
atively buoyant in the noncontaminating liquid 30, the
filter 10 may be completely immersed simply by filling
the bag 20 with a sufficient amount of the noncontami-
nating liquid 30. If the filter 10 floats in the noncontami-
nating liquid 30, it may be desirable to hold the filter 10
beneath the surface of the noncontaminating liquid 30
so as to completely immerse the filter 10, such as by
pinching the bag 20 from the outside using a clamp dis-
posed below the surface of the noncontaminating liquid
30 and above the top of the filter 10 to prevent the filter
10 from floating to the surface. During sanitizing, care
is preferably taken that the bag 20 does not come into
contact with any members which are at a temperature
which could produce thermal deformation of the bag 20
or the filter 10. Care should also be taken not to boil the
inside of the bag 20 dry. The sanitizing conditions, such
as the heating temperature and the length of time for
which heating is carried out, can be standard conditions.
An example of suitable, conventional sterilizing condi-
tions in an autoclave are 1 hour at a gauge pressure of
15 psi (103.4 kPa) and a temperature of approximately
120° C. To reduce the risk of contamination, it may be
desirable to perform the sanitizing in a clean room.
[0041] If the filter 10 is of a type having a blind end
cap and an open end cap, the filter 10 is preferably
placed in the bag 20 with the open end cap higher than
the blind end cap so that air can escape from the center
of the filter 10 through the open end cap and be dis-
placed by the noncontaminating liquid 30.
[0042] In some cases, the heating of the filter 10 dur-
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ing sanitizing may produce leaching of extractables from
the filter 10 into the noncontaminating liquid 30. In order
to reduce the amount of leaching, the filter 10 may be
pretreated prior to insertion into the bag 20 by immersion
in hot deionized water (preferably at approximately 160
to approximately 200° F (approximately 71.1 to approx-
imately 93°C), such as at 165° F = approximately 74°
C) to leach out extractables prior to sanitizing.
[0043] The upper end of the bag 20 is preferably
closed during and after sanitizing in a manner such that
contaminants cannot enter the bag 20. Closure of the
upper end can be performed in any suitable manner
which does not introduce contamination, such as by
heat sealing. However, even through the bag 20 is pref-
erably closed, it is preferably not hermetically sealed as
a whole during sanitizing but rather is closed in a manner
such that vapor of the noncontaminating liquid 30 and
air can exit from the bag 20 while dust, microorganisms,
and other contaminants are prevented from entering.
When sanitizing takes place by heating, the pressure in
the bag 20 will increase due to an increase in the vapor
pressure of the noncontaminating liquid 30, boiling of
the noncontaminating liquid 30, and/or gases in the non-
contaminating liquid 30 coming out of solution. If the bag
20 is hermetically sealed during sanitizing, it is desirable
to take steps to ensure that the pressure which builds
up within the bag 20 does not rupture or otherwise dam-
age the bag 20, such as making the walls of the bag 20
sufficiently thick to resist the internal pressure without
damage, or pressurizing the inside of the autoclave with
air to reduce the amount of swelling of the bag 20 during
heating. However, increasing the wall thickness of the
bag 20 raises costs and makes the bag 20 more difficult
to handle, while pressurizing the autoclave reduces the
efficiency of heating in the autoclave. Therefore, a pre-
ferred method of preventing damage to the bag 20 by
an increase in internal pressure is to provide the bag 20
with a venting mechanism 40 which is able to release
vapor of the noncontaminating liquid 30 and other gases
generated during heating which could cause deforma-
tion or rupture of the bag 20.
[0044] A venting mechanism 40 can be installed on
the bag 20 in any location in which it can allow vapor of
the noncontaminating liquid 30 or other gases to escape
from the bag 20. During sanitizing by heating, the bag
20 is preferably positioned so that the venting mecha-
nism 40 is in an upper portion of the bag 20 where air
and other gases can accumulate. The venting mecha-
nism 40 can be structured in any manner which allows
the discharge of vapor of the noncontaminating liquid
30 and other gases from the bag 20 during sanitizing.
Figure 3 illustrates an example of a venting mechanism
40 in detail. It includes a vent hole 41 formed in a wall
of the bag 20 and a hollow vent tube 42 passing through
the vent hole 41 and communicating between the inside
and outside of the bag 20. The vent tube 42 may be omit-
ted, but it provides a convenient way of connecting the
vent hole 41 to external hardware. The vent tube 42 is

secured to the bag 20 by means of a nut 44 disposed
inside the bag 20 which screws onto external threads
formed on the inner end of the vent tube 42. A nut 43 is
integrally formed on the outer end of the vent tube 42
on the outside of the bag 20. In order to form a hermetic
seal around the vent hole 41, a seal member such as
an elastomeric O-ring 45 is disposed around the vent
tube 42 near the periphery of the vent hole 41 between
the wall of the bag 20 and one of the nuts 43 and 44.
The O-ring 45 is pressed into sealing contact with the
bag 20 by tightening of the nuts 43 and 44. The O-ring
45 may be disposed on either the inside or the outside
of the bag 20, but as the O-ring 45 may possibly intro-
duce contaminants, it is preferably on the outside of the
bag 20.
[0045] The vent tube 42 and the nuts 43 and 44 can
be made of any corrosion resistant material which can
resist the temperatures occurring during sanitizing. Ex-
amples of suitable materials are polymers such as FEP,
PFA, PVDF, and ECTFE and metals such as stainless
steel.
[0046] A wide variety of other methods can be em-
ployed to sealably mount the vent tube 42 on the bag
20, such as the use of bulkhead fittings. Furthermore,
the vent tube 42 may be permanently connected to the
bag 20 by a method such as welding. However, it is often
advantageous if the vent tube 42 is detachable from the
bag 20 so that the vent tube 42 can be reused with dif-
ferent bags.
[0047] Another possible type of venting mechanism is
a sheet of a semipermeable membrane which is perme-
able to water vapor but impermeable to liquid water and
microorganisms, such as a PTFE (polytetrafluoroethyl-
ene) membrane forming a section of the bag 20. Figure
4 illustrates an embodiment in which a venting mecha-
nism comprising a semipermeable membrane 47 of PT-
FE forms a section of the wall of the bag 20, the remain-
der of the bag 20 being made of PFA. The membrane
47 is located in an upper portion of the bag 20, in sub-
stantially the same location as the venting mechanism
40 of Figure 1. Sanitizing is performed using this bag 20
in the same manner as with the bag 20 illustrated in Fig-
ure 1.
[0048] Alternatively, the entire bag 20 can be made of
a semipermeable membrane, such as a PTFE mem-
brane, which is permeable to water vapor but not to liq-
uid water or microbes, in which case a separate venting
mechanism becomes unnecessary. However, a bag 20
made of a material which is permeable to water vapor
is less preferred, since water vapor can pass through
the bag 20 during storage and condense on the outside
of the bag 20, making the bag 20 awkward to handle. In
addition, over time, all of the noncontaminating liquid
may pervaporate from the bag 20, leaving the filter 10
dried out.
[0049] Because of the provision of the venting mech-
anism 40, very little internal pressure acts on the walls
of the bag 20 during sanitizing, so the walls of the bag
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20 can be quite thin. For example, a bag made of PFA
with a wall thickness of 0.002 - 0.030 inches (0.05 - 0.76
mm), such as 0.005 inches (0.127 mm) has been found
to work quite well for sterilization in an autoclave at 15
psi (103.4 kPa) gauge. Decreasing the wall thickness of
the bag 20 is advantageous because it decreases ma-
terial costs and makes the bag 20 easier to seal.
[0050] In order to prevent microorganisms and other
contaminants from entering the bag 20 through the vent
hole 41, either during or after sanitizing, a vent filter 46
which is able to prevent the passage of bacteria or other
microorganisms therethrough is preferably hermetically
connected to the vent tube 42 so that all air entering the
vent tube 42 from outside the bag 20 must pass through
the vent filter 46. The term vent filter here refers to any
type of filter which allows the passage of vapor of the
noncontaminating liquid, and the vent filter need not be
a filter intended exclusively for use in venting. Prefera-
bly, the vent filter 46 allows the passage of air. An ex-
ample of a suitable vent filter 46 is a sterilizing grade
filter for air filtration. A sterilizing grade filter or filter me-
dium is typically defined as one having a removal rating
of 0.2µm. Depending on the environment in which the
bag 20 is disposed following sanitizing, a vent filter may
be unnecessary, or one having a different removal rat-
ing, i.e., a non-sterilizing grade filter may be employed.
When the noncontaminating liquid 30 in the bag 20 is
water, the vent filter 46 is preferably hydrophobic, i.e.,
having a critical wetting surface tension of less than ap-
proximately 50 dynes/cm (5 x 10-2 N/m), so that it does
not become wetted during sanitizing, since wetting
could prevent the flow of gases through the vent filter
46. In addition, if the noncontaminating liquid 30 is water,
a hydrophobic vent filter 46 prevents the noncontami-
nating liquid 30 from leaking out of the bag 20, even
when the bag 20 is turned upside down, making it easier
to store the bag 20. However, if the vent filter 46 can be
prevented from wetting during sanitizing, a hydrophilic
vent filter can also be employed. The vent filter 46 may
have any shape and may be either pleated or nonpleat-
ed. An example of a suitable vent filter is a DFA4001FRP
filter assembly available from Pall Corporation. This fil-
ter has a PTFE dual-layer filter medium, an internal core,
end caps made of polypropylene, and a critical wetting
surface tension of less than 30 dynes/cm (3 x 10-2 N/
m). Such a filter, when not wetted, is impermeable to
liquid water but is permeable to liquids having a surface
tension smaller than 30 dynes/cm (3 x 10-2 N/m). The
vent filter 46 can be installed in any manner providing a
seal which prevents microorganisms from bypassing
the vent filter 46, and it may be either permanently or
detachably connected to the bag 20. However, a detach-
able connection is preferred to permit the vent filter 46
to be reused. For example, as shown in Figure 3, the
vent filter 46 and the vent tube 42 can be connected by
a threaded coupling.
[0051] The noncontaminating liquid 30 can be intro-
duced into the bag 20 in any desired manner. For ex-

ample, it can be introduced through the open end of the
bag 20 before it is closed, or it can be introduced through
the vent tube 42 of the venting mechanism after the bag
20 has been closed and before the vent filter 46 has
been installed on the vent tube 42.
[0052] After the contents of the bag 20 have been san-
itized, the bag 20 is preferably hermetically sealed.
Since a hydrophobic vent filter can prevent leakage from
the bag 20 as well as prevent water and microbes from
entering the bag 20, it is not mandatory to hermetically
seal the bag 20, but doing so allows the venting mech-
anism 40 to be detached from the bag 20 and makes
the bag 20 easier to handle. Before sealing is per-
formed, it may be desirable to allow the bag 20 to cool
to a comfortable handling temperature. During cooling,
the vent filter 46 prevents microbes and other contami-
nants from entering the bag 20 and maintains the con-
tents of the bag 20 sterile. Any known method of her-
metically sealing the bag 20 can be employed. When
the bag 20 is made of a polymeric material, heat sealing
is particularly suitable. Other methods such as ultrason-
ic sealing and vibration welding can also be employed.
The bag 20 can be sealed at any desired location, in-
cluding below the surface of the noncontaminating liquid
30 so as to exclude all air from the inside of the bag 20.
While preferably the bag 20 contains no air above the
surface of the noncontaminating liquid 30 after being
sealed, since any air in the bag 20 has been sterilized
and is at 100% relative humidity, it is not detrimental to
have some air remaining in the bag 20 after sealing be-
cause the air will neither contaminate nor dry out the
filter 10. After the bag 20 is sealed, the upper portion of
the bag 20 including the venting mechanism 40 can be
detached from the lower portion of the bag 20 and sal-
vaged for reuse. If the venting mechanism 40 does not
need to be reused, it can be left attached to the bag 20,
but in this case it is preferably disabled from venting,
since water vapor passing through the venting mecha-
nism 40 could condense on the outer surface of the bag
20 during storage and form a puddle of water surround-
ing the bag 20. In the embodiment of Figure 1, the vent-
ing mechanism 40 could be disabled by forming a seal
around the vent hole 41, such as by heat sealing, to iso-
late the vent hole 41 from the inside of the bag 20.
[0053] It may be desirable to simultaneously sanitize
a plurality of filters 10 housed in individual bags 20 or
other containers. Instead of equipping each of a plurality
of bags 20 with its own vent filter, the vent tubes 42 of
the plurality of bags 20 can be connected to a single
vent filter 50 by a manifold 51 and hoses 52, as sche-
matically illustrated in Figure 5. The vent filter 50 is se-
lected to be large enough to provide filtration of air for
all of the bags 20. The entire assembly of the plurality
of bags 20 and the vent filter 50 can be placed in an
autoclave at one time to sanitize the filters 10 as a batch.
[0054] Alternatively, a plurality of filters 10 can be dis-
posed in a single bag 20 like that shown in Figure 1 so
as to simultaneously sanitize the plurality of filters 10.
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[0055] Figures 6 and 7 illustrate other examples of
vent filters through which the bag 20 can be vented dur-
ing sanitizing. The vent filter 60 of Figure 6 comprises a
commercially available filter holder and a sheet of a filter
medium 64 disposed inside the filter holder. The filter
holder has a generally cylindrical housing including a
base 61 and a cover 62 between which the filter medium
64 can be placed. The base 61 and the cover 62 are
sealed to each other by a nut 63 which surrounds the
cover 62 and screws onto external threads formed on
the base 61. One or both of the base 61 and the cover
62 may include a perforated support plate for supporting
the filter medium 64. The filter holder is usually pur-
chased without the filter medium 64, which is installed
by the user. First and second fluid ports 61a and 62a
communicating with opposite sides of the filter medium
64 when the filter holder is assembled extend from the
base 61 and the cover 62, respectively. The base 61 is
partly cut away in the figure to show the first fluid port
61a. Filter holders of this and other types which enable
a filter medium to be installed and replaced by the user
are available from a variety of sources, such as Cole-
Parmer Instrument Company of Niles, Illinois. The filter
medium 64 which is supported by the filter holder can
be one having any desired properties. An example of a
suitable filter medium 64 for use in the present invention
is a hydrophobic, sterilizing grade membrane filter me-
dium of PTFE.
[0056] The bag 20 in this embodiment is equipped
with a hollow vent tube 65 having a central bore 65a
extending through its length. A hollow circular flange 66
having an outer diameter larger than that of the vent tube
65 is formed on the inner end of the vent tube 65. The
vent tube 65 extends through a hole in the wall of the
bag 20, with the flange 66 disposed on the inside of the
bag 20. A sealing member such as an O-ring 67, a wash-
er 68, and a nut 69 are mounted on the vent tube 65 on
the outside of the bag 20. The nut 69 is threadingly en-
gaged with external threads formed on the vent tube 65.
When the nut 69 is tightened, the washer 68 is urged
towards the flange 66, and as a result, the bag 20 is
compressed between the O-ring 67 and the flange 66,
causing the O-ring 67 to be pressed into sealing contact
with the bag 20 to form a seal around the hole in the bag
20. The O-ring 67 may be separate from the washer 68,
or it may be attached to the washer 68 by an adhesive,
for example. The vent tube 65 may be fluidly connected
to either of the fluids ports 61a and 62a of the filter holder
in any suitable manner. For example, the inner bore 65a
of the vent tube 65a may be formed with internal threads
which mate with external threads formed on the fluid
ports. Alternatively, the vent tube 65 and one of the fluid
ports of the vent filter 60 can be connected by a hollow
connecting member such as a pipe or flexible tubing.
[0057] A vent filter comprising a filter holder which can
be assembled and disassembled by the user has a
number of useful attributes. Filter holders are available
in a variety of sizes, so the user can select a filter holder

capable of supporting a filter medium having a surface
area appropriate for the application. Since the filter me-
dium can be readily installed in the filter holder by the
user, the filter medium can be discarded and replaced
when necessary while the filter holder can be reused,
making the filter holder economical to employ. In addi-
tion, the user has great freedom of choosing a filter me-
dium for use with the filter holder.
[0058] The vent filter 70 shown in Figure 7 comprises
a commercially available, disposable filter unit referred
to as a syringe filter because it is adapted for mounting
on a medical syringe. It includes an unillustrated filter
medium sealed inside a plastic housing having first and
second fluid ports 71 and 72 communicating with oppo-
site sides of the filter medium. Syringe filters are avail-
able with a variety of different filter media. An example
of a suitable filter medium for a syringe filter for use in
venting a filter package according to the present inven-
tion is a hydrophobic, sterilizing grade membrane filter
medium. A syringe filter will usually include, within its
housing, a perforated support plate on one or both sides
of the filter medium. The vent filter 70 can be connected
to the bag 20 in any suitable manner, such as by a vent
tube 65 like that shown in Figure 6. Syringe filters are
available with a variety of fittings, and the structure of
the vent tube 65 and the type of vent filter 70 may be
selected so that the two can be connected directly to
each other. In Figure 7, the first fluid port 71 of the vent
filter 70 is equipped with external threads which can be
screwed into internal threads formed in the outer end of
the vent tube 65. Alternatively, the vent filter 70 may be
indirectly connected to the vent tube 65 by a flexible
hose or a connecting pipe, for example.
[0059] At the completion of sanitizing, the vent filters
60 and 70 may be left attached to the bag 20, or they
may be detached after the bag 20 has been sealed, in
the manner shown in Figure 2.
[0060] If the venting mechanism comprises a semi-
permeable membrane, as in the embodiment of Figure
4, and if the membrane 47 is impermeable to microbes,
a vent filter is unnecessary.
[0061] When sanitizing is performed by heating the fil-
ter in a chamber such as an autoclave or an oven, the
venting mechanism may vent to either the inside or the
outside of the chamber. It is generally simpler if venting
is performed to the inside of the chamber, i.e., if the vent-
ing mechanism is disposed inside the chamber with the
filter. In this case, the venting mechanism is preferably
made of materials which can withstand the conditions
within the chamber during sanitizing.
[0062] As stated above, the container of a filter pack-
age according to the present invention may be a rigid
container. Sanitizing of a filter in a rigid container, such
as a housing for the filter, can be performed in much the
same way as sanitizing of a filter in a flexible container,
such as a flexible bag. A rigid container refers to one
which maintains a substantially constant shape and di-
mensions without being supported, in contrast to a flex-
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ible container such as a flexible bag which is readily de-
formed and may collapse under its own weight if not in-
ternally or externally supported. A rigid container of a
filter package according to the present invention may be
made of any desired material, such as a metal or a pol-
ymeric material. A filter to be sanitized in a rigid contain-
er may be prewetted prior to sanitizing, and it may be
pretreated in hot deionized water to leach out extracta-
bles. Prewetting and pretreatment may be performed ei-
ther before or after the filter is installed in the container.
However, when the container is a filter housing, it is usu-
ally easier to perform prewetting and pretreatment after
the filter has been installed in the housing to form a filter
assembly. Prewetting and pretreatment can be per-
formed by immersing the filter assembly in a suitable
liquid or by passing the liquid through the filter housing.
After prewetting and pretreatment of the filter, if per-
formed, the filter housing or other rigid container hous-
ing the filter is filled with a noncontaminating liquid such
as ultrapure deionized water to immerse the filter. Then,
the rigid container and the filter are sanitized by a suit-
able method, including any of the methods described
above for use in sanitizing a filter within a flexible bag,
such as sanitizing by heating in an autoclave.
[0063] When a filter in a rigid container, such as a filter
housing, is sanitized by heating, the container may be
either sealed or vented. Thus, if the walls of the contain-
er are strong enough to resist the internal pressure
which develops in the container during heating of the
noncontaminating liquid, the container may be com-
pletely sealed during heating by closing all the fluid ports
or other openings in the container. If the container has
relatively thin walls which could be damaged by the in-
ternal pressure during heating, the container may be
vented by a suitable venting mechanism. Venting may
be carried out through any suitable portion of the con-
tainer. When the container is a filter housing, it will typ-
ically be equipped with a plurality of fluid ports, such as
a fluid inlet, a fluid outlet, or an air vent, and the housing
may be vented through any one or more of these fluid
ports or through a different opening intended specifically
for use in venting during heating. The fluid ports or other
openings which are not used for venting may be closed
off during heating by conventional closures (pipe plugs,
pipe caps, tube covers, etc.) appropriate to the structure
of the individual fluid ports. A vent filter, such as one of
the vent filters used in the embodiments of Figures 1 -
7, may be connected to the fluid port used for venting in
order to prevent contaminants from entering the con-
tainer through the fluid port during heating or when the
container is being cooled at the completion of heating.
As in the previous embodiments, the vent filter prefera-
bly has a sterilizing grade filter medium, and the filter
medium may be hydrophobic, if desired, to prevent the
noncontaminating liquid from leaking from the container
through the fluid port to which the vent filter is connect-
ed.
[0064] The noncontaminating liquid preferably fills the

container as much as possible to exclude all free air from
the container during heating. To help free air escape to
the outside of the container during the introduction of
the noncontaminating liquid, it may be helpful to agitate
the container or to introduce the noncontaminating liquid
from more than one end of the container. Alternatively,
suction may be applied to a fluid port at one end of the
container, and the noncontaminating liquid may be in-
troduced through a fluid port at the other end of the con-
tainer. The filter is preferably mostly immersed (at least
50% of its volume), and most preferably it is entirely im-
mersed in the noncontaminating liquid at the start of
sanitizing.
[0065] When sanitizing a filter within a rigid container
which is vented, such as a vented filter housing, the level
of the noncontaminating liquid within the container will
usually drop due to vaporization of the noncontaminat-
ing liquid. When the container is cooled subsequent to
heating, air may enter the container through the vent fil-
ter and form a pocket of air in the upper portion of the
container above the surface of the noncontaminating liq-
uid. However, as in the case when the container is a
flexible bag, it is not detrimental to have some air re-
maining in the housing after cooling because the air will
be free of microorganisms after passing through the
vent filter and be at 100% relative humidity, so it will nei-
ther contaminate nor dry out the filter. Preferably, there
is a sufficient amount of the noncontaminating liquid re-
maining in the container at the completion of cooling that
the filter will be at least 50% immersed, more preferably
at least 90% immersed, and still more preferably sub-
stantially 100% immersed in any attitude of the contain-
er.
[0066] A vent filter may be left connected to the con-
tainer at the completion of sanitizing and shipped to the
customer along with the filter package, or the vent filter
may be detached and replaced by a closure to hermet-
ically seal the container and allow the vent filter to be
reused. If the vent filter is detached, the detachment is
preferably performed in a manner which prevents con-
taminants from entering the container. If the vent filter
has a hydrophobic filter medium and is left attached to
the container, it is possible but not necessary to close
the downstream fluid port of the vent filter, because the
hydrophobic filter medium can prevent the noncontami-
nating liquid from leaking from the container.
[0067] Figure 8 illustrates an embodiment of a filter
package according to the present invention in which a
rigid container for housing a filter 80 during sanitizing is
a filter housing. The illustrated filter package comprises
a disposable filter assembly available from Pall Corpo-
ration under the trademark DFA. The assembly includes
a housing 90 having first and second fluid ports 91 and
92 and manually operated vents 93 and 94 which can
be used to vent gas or liquid from the housing 90. The
filter 80 which is disposed inside the housing 90 includes
a pleated filter element 81 surrounding a hollow perfo-
rated core 82, a blind end cap 83 sealed to one end of
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the filter element 81, and an open end cap 84 sealed to
the other end of the filter element 81 and to the second
fluid port 92. It may also include an unillustrated perfo-
rated cage surrounding the filter element 81. The illus-
trated filter 80 is intended primarily for radially inward
flow, so the first fluid port 91 usually serves as an inlet
and the second fluid port 92 usually serves as an outlet,
although the functions of the two fluid ports may be re-
versed. The filter 80 and the housing 90 can be made
of any materials which can withstand the conditions
(such as temperatures) to which they may be subjected
during sanitizing. For example, the filter element 81 of
the illustrated filter 80 has a PTFE filter medium, and the
core 82, the end caps 83 and 84, and the housing 90
are made of polypropylene. Such a filter assembly can
be sanitized by heating in an autoclave.
[0068] During sanitizing by heating in an autoclave
and subsequent cooling, the housing 90 is preferably
connected to a hydrophobic, sterilizing grade vent filter
to enable vapor generated by heating to escape to the
outside of the housing 90 while preventing microorgan-
isms or other contaminants from entering the housing
90. The vent filter can be connected to any one or more
of the fluid ports of the housing 90. In the case of the
illustrated filter assembly, the housing 90 is preferably
vented through at least the fluid port connected with the
open end cap 84, and the open end cap 84 is preferably
disposed higher than the blind end cap 83 during sani-
tizing so that vapor of the noncontaminating liquid 30
and other gases generated inside the core 82 of the filter
80 can flow upwards and out of the filter 80 through the
open end cap 84 and not be trapped within the core 82.
Fluid ports which are not vented may be sealed off dur-
ing sanitizing by a stopper, a cap, or other suitable clo-
sure.
[0069] The vent filter 70 in this embodiment is a com-
mercially available syringe filter like that illustrated in
Figure 7, but it may be any other type of vent filter, such
as the types shown in Figure 3 or Figure 7. The illustrat-
ed vent filter 70 has two fluid ports 71 and 72, one of
which 71 is formed with internal threads which can be
screwed directly onto external threads formed on the
second fluid port 92 of the housing 90. Instead of being
connected directly to a fluid port of the housing 90, the
vent filter 70 may be connected to a fluid port by a con-
necting member such as a threaded adapter or flexible
polymeric tubing 96, as shown in Figure 9. When tubing
96 is employed, the vent filter 70 may be equipped with
a hose barb connector designed for connection to tub-
ing, and the fluid port 92 of the housing 90 to which the
vent filter 70 is to be connected may be either formed
with a hose barb connector or fitted with a commercially
available adapter 97 which has a hose barb connector
at its outer end and which screws over the fluid port 92.
Tubing 96 is a convenient means of connecting a filter
housing of a filter assembly with a vent filter because at
the completion of sanitizing and cooling of the filter as-
sembly, the filter housing 90 can be hermetically sealed

by heating the tubing 96 at a location (such as that
shown by the dashed lines in Figure 9) between the fluid
port 92 and the vent filter 70 to melt the tubing 96 closed.
The tubing 96 can be severed on the outer side of the
melted portion to leave a short length of the tubing 96
attached to the housing 90, and the vent filter 70 can
then be detached from the outer end of the tubing 96
and reused. Tubing 96 can be used not just with a sy-
ringe filter but with any of the other types of vent filters
described above. During sanitizing, the tubing 96 may
be contain air, or it may be partially or completely filled
with the noncontaminating liquid, so that as the noncon-
taminating liquid within the housing 90 is boiled off, liquid
within the tubing 96 can flow into the housing 90 to re-
place the liquid which boiled off.
[0070] If only one of the fluid ports of a filter housing
90 is vented during sanitizing by heating, a pressure dif-
ferential may develop across the filter element 81 be-
tween the side communicating with the inlet 91 and the
side communicating with the outlet 92. If such a pres-
sure differential is large enough to drive vapor generat-
ed by the heating through the filter element 81, the vapor
passing through the filter element 81 may result in
dewetting of portions of the filter element 81. In order to
prevent vapor from being driven through the filter ele-
ment 81, it may be desirable to simultaneously vent the
housing 90 on both the upstream and downstream sides
of the filter element 81, i.e., to vent a region communi-
cating with the inlet and a region communicating with an
outlet through two or more fluid ports. For example, both
the inlet 91 and the outlet 92 may be simultaneously
vented, or the outlet 92 and one or both of the air vents
93, 94 may be simultaneously vented. Figure 10 sche-
matically illustrates an embodiment in which a filter as-
sembly is vented from both the upstream and down-
stream sides of a filter element. The filter assembly in
this figure, only the outlet end of which is shown, is iden-
tical to the disposable filter assembly of Figure 8. During
sanitizing, the outlet 92 and the outlet-side air vent 94
are connected to a vent filter 70 in the form of a sterilizing
grade syringe filter, for example, by flexible polymeric
tubing 96 and a tee fitting 98 which joins the tubing 96
for the outlet 92 with the tubing 96 for the outlet-side air
vent 94. The outlet 92 is equipped with a hose barb
adapter 97, as in the embodiment of Figure 9. The cap
on the air vent 94 can be removed to enable the tubing
96 to be connected to the air vent 94. If desired, the air
vent 94 can be fitted with a hose barb adapter similar to
the one installed on the outlet 92. Sanitizing can be per-
formed under the same conditions described for the pre-
vious embodiments. At the completion of sanitizing and
cooling, the tubing 96 for both the outlet 92 and the out-
let-side air vent 94 can be severed by heating the tubing
96 along the dashed lines, for example, to melt the tub-
ing 96 closed and hermetically seal the housing 90. One
or more vent filters can be connected to a plurality of
fluid ports of a housing in any other desired manner. For
example, a plurality of vent filters can be directly con-
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nected to the housing 90 in the manner shown in Figure
8.
[0071] During sanitizing, the orientation of the filter
housing 90 is not critical, but preferably the housing 90
is oriented as shown in Figure 10 so that vapor can rise
to the upper end of the housing 90 and be easily vented
through fluid ports 92 and 94.
[0072] The vent filters shown in Figures 6 and 7 can
also be used in a manner similar to that shown in Figure
5 to simultaneously vent a plurality of filter packages
through a single vent filter.
[0073] According to another form of the present inven-
tion, a vent filter for use during sanitizing of a filter may
comprise a filter medium mounted directly on a fluid port
of a filter housing or other container. Figure 11 illustrates
a portion of an embodiment of a filter package according
to the present invention employing such a vent filter. The
' illustrated filter package is formed from a commercially
available filter assembly, such as one available from Pall
Corporation under the designation LDFF, although
many other types of filter assemblies can also be em-
ployed. The filter assembly includes a rigid, cylindrical
polymeric housing 100 equipped at one of its ends with
an outlet 101 and an outlet side air vent 110, each having
a hollow bore communicating with the inside of the filter
housing 100. The unillustrated opposite end of the hous-
ing 100 is equipped with an inlet and an inlet side vent
similar in structure to the outlet 101 and the outlet side
air vent 110. An unillustrated cylindrical filter is disposed
inside the housing 100 along a fluid path connecting the
inlet and the outlet 101. Like the filter 80 shown in Figure
8, the filter of the illustrated filter assembly has a blind
end cap at one of its ends and an open end cap sealed
to the outlet 101 at its other end. The air vents commu-
nicate with the interior of the housing 100 surrounding
the filter. Each of the fluid ports, i.e., the inlet, the outlet
101, and the air vents can be sealed by a cap-like clo-
sure and a nut which is formed separately from the clo-
sure and secures the closure to the fluid port. For ex-
ample, the outlet side air vent 110 is equipped with a
blind closure 111 having an open lower end which fits
over the outer end of the air vent 110. A nut 112 slides
over the top of the closure 111 and engages with exter-
nal threads formed on the air vent 110 to hold the closure
111 in place. The outlet 101 can be sealed by a similar,
unillustrated blind closure and a nut 106 for holding the
blind closure in place.
[0074] Any one or more of the fluid ports of the hous-
ing 100 may be vented during sanitizing. For the rea-
sons given with respect to the embodiment of Figure 8,
preferably at least the outlet 101 is vented to prevent
vapor from accumulating within the hollow center of the
filter during sanitizing. The vent filter for the outlet 101
in this embodiment comprises a sheet of filter medium
102 mounted directly over the open outer end of the out-
let 101. The filter medium 102 is not restricted to any
particular type but is preferably a sterilizing grade filter
medium which can prevent bacteria and other contam-

inants from entering the housing 100 while permitting
vapor to escape from the housing 100 during sanitizing.
If desired, the filter medium 102 may be hydrophobic to
prevent a noncontaminating liquid with which the hous-
ing 100 is filled from leaking from the housing 100 when
the housing 100 is tilted. A membrane filter medium is
particularly suitable as the filter medium 102 because a
membrane can be sufficiently thin and flexible to readily
conform to the shape of the outlet 101 without tearing.
An example of a suitable membrane filter medium is a
sterilizing grade PTFE membrane. Examples of other
suitable membrane materials are polyvinylidene fluoride
and hydrophobic nylon. The thickness of the filter medi-
um 102 is not limited and can be chosen based on the
strength desired of it. Typically, the thickness will be in
the range of 0.0254 - 0.127 mm. Depending upon the
physical strength of the filter medium 102, it may be de-
sirable to dispose a support member 103 which is per-
meable to vapor of the noncontaminating liquid and stiff-
er than the filter medium 102 adjacent the outer surface
of the filter medium 102 to prevent the filter medium 102
from bulging outwards during sanitizing. A similar sup-
port member 103 can also be disposed adjacent the in-
ner surface of the filter medium 102 to prevent the me-
dium 102 from deforming inwards as well. In the present
embodiment, the support member 103 comprises a thin
sheet of a porous, nonwoven fluoropolymer fabric which
is permeable to vapor of the noncontaminating liquid.
Examples of other possible support members are a thin
perforated plate, a porous woven fabric, and a porous
mesh. It is generally not necessary for the support mem-
ber 103 to perform any function except physically sup-
port the filter medium 102, i.e., it is not necessary for the
support member 103 to remove particulates from fluid
which passes through it during sanitizing, and preferably
the support member 103 is sufficiently porous that it
does not produce any significant pressure drop.
[0075] The filter medium 102 and the support member
103 can be of any convenient size, but preferably each
has a surface area which is at least as large as the cross-
sectional area of the bore in the outlet 101 so that they
can completely cover the bore. They may be cut from
sheets into any convenient shape.
[0076] The filter medium 102 and the support member
103 can be attached to the outlet 101 in any desired
manner which can prevent microorganisms and other
contaminants from bypassing the filter medium 102,
such as by bonding or by a mechanical connector (a
ring, a hose clamp, etc.) which fits around the outlet 101
and grasps the filter medium 102. A mechanical con-
nection is generally preferable to bonding, since bond-
ing has the potential to damage the filter medium 101
or the housing 100 and introduce contamination. In the
illustrated embodiment, after the housing 100 has been
filled with a noncontaminating liquid to immerse the filter
contained within the housing 100, the medium 102 and
the support member 103 are placed over the top of the
outlet 101 and then held in place by an open-ended,
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cap-like closure 104 which slides over the outer end of
the outlet 101 and is retained by nut 106 which slides
over the closure 104 and engages with external threads
formed on the outlet 101. Figure 12 shows the appear-
ance of the outlet 101 during sanitizing. The filter medi-
um 102 is sufficiently thin and flexible that it can be laid
over the threads of the outlet 101 and the nut 106 can
be screwed over the filter medium 102 without damage
to the portion of the filter medium 102 covering the outer
end of the bore of the outlet 101. The open-ended clo-
sure 104 can be initially manufactured with an open end,
or it can be obtained by cutting off the blind end of a
blind closure like the closure 111 for the outlet side air
vent 110, or by punching perforations in the outer end
of a blind closure. To make it easier to slide the open-
ended closure 104 over both the filter medium 102 and
the support member 103, one or more axial slits 105
may be cut in the outer wall of the closure 104 to permit
radial expansion of the closure 104.
[0077] Any of the other fluid ports of the housing 100
may also be provided with a vent filter of the type em-
ployed for the outlet 101, or with any other type of vent
filter.
[0078] The illustrated filter assembly can be sanitized
under the same conditions described with respect to any
of the previous embodiments. When the filter assembly
is sanitized by heating in an autoclave, the outlet 101 is
preferably elevated with respect to the rest of the hous-
ing 100 so that the vapor which is generated during heat-
ing can rise towards the outlet 101 and be readily vented
from the housing 100. At the completion of cooling of
the filter assembly following sanitizing, if the filter medi-
um 102 is hydrophobic, the filter housing 100 may be
shipped to the customer with the open-ended closure
104 left on the outlet 101, since the hydrophobic filter
medium 102 can prevent water from leaking out of the
housing 100. However, to prevent the filter medium 102
from being inadvertently punctured during handling of
the filter assembly, it may be desirable to replace the
open-ended closure 104 with a blind closure or other
member which can protect the filter medium 102, like
the blind closure 111 for the outlet side air vent 110. The
open-ended closure 104 can be easily replaced by un-
screwing the nut 106 from the outlet 101, removing the
open-ended closure 104 without removing the filter me-
dium 102, and then placing a blind closure over the filter
medium 102. At this time, the support member 103 may
be either left in place atop the filter medium 102 or re-
moved to make it easier for the blind closure to slide
over the outlet 101. The blind closure may be loosely
mounted on the outlet 101, or it may be pressed tightly
against the outlet 101 by the nut 106 to hermetically seal
the housing 100. When a customer is ready to use the
filter package, he can remove the nut 106 and the blind
closure and then peel the support member 103 (if still
present) and the filter medium 102 off the outlet 101.
Since no bonding agent is used to attach the filter me-
dium 102 to the outlet 101, the filter medium 102 can be

easily separated from the outlet 101 without leaving any
residue.
[0079] In a similar manner, a filter medium can also
be mounted directly on the outer ends of the vent tubes
42 and 65 used in the embodiments of Figures 1 - 7 in
which a container of a filter package comprises a flexible
bag 20. For example, a membrane filter medium and a
support member can be disposed over the outer end of
a vent tube and held in place by an open-ended closure
and a nut like those used in the embodiment of Figures
11 and 12. Similarly, a filter medium can be mounted
directly on any of the fluid ports of the filter assembly
shown in Figure 8.
[0080] A vent filter comprising a filter medium mount-
ed directly on a fluid port of a container is advantageous
in that it can be readily assembly by a user from inex-
pensive hardware, so equipment costs are extremely
low.
[0081] The present invention will be further illustrated
by the following examples.

Example 1

[0082] A rectangular sheet of PFA film measuring 6
inches x 18 inches (15.2 x 45.7 cm) and having a thick-
ness of 0.005 inches (0.0127 cm) was folded in half and
then heat sealed along two edges to obtain an elongated
bag measuring 3 inches x 18 inches (7.62 x 45.72 cm)
and having one open end. A vent hole was punched in
the bag near the open end using a hole punch, and a
vent tube like that shown in Figure 3 was sealingly con-
nected to the bag at the vent hole.
[0083] A pleated filter (AB1F0013EH1 filter available
from Pall Corporation under the trade designation "Su-
per-Cheminert" and having a PTFE single-layer filter
medium) was prewetted by dipping in isopropyl alcohol
for 5 minutes at room temperature (approximately 25°
C). The isopropyl alcohol was then removed by flushing
the filter with deionized water for at least 5 minutes. The
filter was next transferred to a tank of hot deionized wa-
ter at approximately 71° C for 60 minutes to perform
leaching. The filter was then placed into the bag through
the open end, and this end was sealed using a heat seal-
er.
[0084] Ultrapure deionized water (initial resistivity of
18 MΩ cm) was introduced into the bag through the vent
tube to completely submerge the filter. A hydrophobic,
sterilizing grade PFA filter (Pall Model DFA4001FRP)
was then sealingly connected to the vent tube as a vent
filter.
[0085] The bag was next placed into an autoclave and
heated for one hour under standard sterilizing condi-
tions of 15 psi (103.4 kPa) gauge and approximately
120° C to sterilize the contents of the bag. At the end of
one hour, the bag was removed from the autoclave and
cooled in air to a safe handling temperature. The bag
was then hermetically sealed below the surface of the
water using a heat sealer to obtain a completed filter
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package. At the time of sealing, the upper portion of the
bag including the vent tube and the vent filter was de-
tached from the lower portion of the bag containing the
filter. The vent tube, the associated hardware, and the
vent filter were detached from the upper portion of the
bag for reuse, and the upper portion of the bag was dis-
carded.

Example 2

[0086] This example illustrates sterilizing a filter as-
sembly like that illustrated in Figure 8 to obtain a steri-
lized filter package. The filter assembly, which compris-
es a filter 80 and a rigid polymeric housing 90, is a dis-
posable filter assembly available from Pall Corporation
under the trademark DFA.
[0087] The filter 80 is prewetted by passing isopropyl
alcohol at room temperature (approximately 25° C)
through the housing 90, the isopropyl alcohol being in-
troduced through the inlet 91 and discharged through
the outlet 92. The isopropyl alcohol is then removed by
flushing the filter housing 90 with deionized water for 5
minutes. The deionized water is then allowed to drain
from the housing 90.
[0088] The outlet-side air vent 94 is shut, the outlet 92
is closed with a threaded cap 95, and ultrapure deion-
ized water (initial resistivity of 18 MΩ cm) is introduced
into the housing 90 through the inlet 91 with the inlet-
side air vent 93 open and the housing 90 upright so that
air can escape through the inlet-side air vent 93. When
the ultrapure deionized water reaches the top of the inlet
91, the inlet-side air vent 93 is shut and the inlet 91 is
closed with a cap 95. The housing 90 is then inverted,
the outlet-side air vent 94 and the outlet 92 are opened,
and additional ultrapure deionized water, if necessary,
is added to the housing 90 through the outlet 92 to com-
pletely fill the housing 90 and exclude all air from the
housing 90. In this state, the filter 80 is completely im-
mersed in the ultrapure deionized water inside the hous-
ing 90. The closure for the outlet-side air vent 94 is re-
moved, and a vent filter 60 like that shown in Figure 6
comprising a filter holder and a hydrophobic, sterilizing
grade membrane filter medium 64 is attached to both
the outlet 92 and the outlet-side air vent 94 by tubing 96
and a tee fitting 98 in the manner shown in Figure 10.
The uppermost end of the tubing 96 is attached to fluid
port 61a of the vent filter 60.
[0089] The filter assembly and the vent filter 60 are
then placed into an autoclave and heated for one hour
at 15 psi (103.4 kPa) gauge and approximately 120° C
to sterilize the entire filter assembly. During sterilizing,
the housing 90 is substantially upright with the outlet 92
disposed higher than the inlet 91. At the end of this time,
the filter assembly and the vent filter 60 are removed
from the autoclave and cooled in air to a safe handling
temperature. The tubing 96 is then severed by heating
the tubing 96 at a location between the tee fitting 98 and
the filter assembly to hermetically seal the assembly and

obtain a completed filter package. The tubing 96 can be
removed from the filter assembly by the customer when
he is ready to use the assembly. The vent filter 60 can
be reused with the same or a different filter medium 64.

Claims

1. A method of forming a filter package comprising:

disposing a filter (10) in a flexible bag (20);
at least partially filling the bag (20) with a first
liquid (30); and
sanitizing the first liquid (30) and the filter (10)
in the bag (20), characterised in that during and
after sanitizing the filter (10) is entirely im-
mersed in the first liquid (30).

2. A method according to claim 1 including hermetical-
ly sealing the bag (20) so as to exclude from the bag
(20) substantially all free gas from the bag (20).

3. A method according to any one of claims 1-2 includ-
ing hermetically sealing the bag (20) below a sur-
face of the first liquid (30).

4. A method according to any one of claims 1-3 further
comprising displacing air with the first liquid (30)
from the center of the filter (10).

5. A method according to any one of claims 1-4 includ-
ing hermetically sealing the bag (20) after sanitizing
to enclose the first liquid (30) and the filter (10).

6. A method according to any one of claims 1-5 includ-
ing closing the bag (20) without hermetically sealing
it prior to sanitizing.

7. A method according to any one of claims 1-6 includ-
ing prewetting the filter (10) with a second liquid
having a lower surface tension than the first liquid
(30) prior to disposing the filter (10) in the bag (20).

8. A method according to any one of claims 1-7 where-
in the first liquid (30) is deionized water having a
resistivity of at least 18 MΩ cm when inserted into
the bag (20).

9. A method according to any one of claims 1-8 includ-
ing venting vapor from the bag (20) while sanitizing.

10. A method according to claim 9 including venting va-
por from the bag (20) through a filter medium.

11. A method according to claim 10 wherein the filter
medium comprises a hydrophobic filter medium.

12. A method according to any one of claims 10-11
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wherein the filter medium is capable of removing mi-
croorganisms from air.

13. A method according to any one of claims 10-12
wherein the filter medium comprises a sterilizing
grade filter medium.

14. A method according to any one of claims 9-13 in-
cluding venting the vapor through an opening (41)
in the bag (20).

15. A method according to claim 9 including venting the
vapor through a semipermeable membrane (47)
forming a portion of the bag (20).

16. A method according to any one of claims 1-15 in-
cluding cooling the first liquid (30) after sanitizing
and prior to sealing the bag (20) while preventing
microorganisms from entering the bag (20).

17. A method according to any one of claims 1-16 in-
cluding disposing the filter (10) in water at a tem-
perature of at least 160°F (71.1°C) prior to sanitiz-
ing to leach extractables from the filter (10).

18. A method according to any one of claims 1-17 in-
cluding disposing the filter (10) during sanitizing
with an open end of the filter (10) higher than an
opposite end of the filter (10) so that gas can escape
through the open end.

19. A method according to any one of claims 1-18 in-
cluding filling substantially all pores of the filter (10)
with the first liquid.

20. A method according to any one of claims 1-19
wherein the filter (10) is a hydrophobic filter.

21. A method according to any one of claims 1-20
wherein sanitizing comprises sterilizing by heating.

22. A method according to any one of claims 1-21
wherein sanitizing comprises sterilizing in an auto-
clave.

23. A filter package comprising:

a flexible bag (20) impervious to microorgan-
isms and liquid water;
a filter (10) enclosed in the bag (20); and
water (30) at least partially filling the bag (20),
characterised in that water (30) is entirely im-
mersing the filter (10).

24. A filter package according to claim 23 wherein water
(30) is disposed in the center of the filter (10).

25. A filter package according to any one of claims

23-24 wherein substantially all free gas is excluded
from the bag (20).

26. A filter package according to any one of claims
23-25 wherein the water (30) and the filter (10) are
sterilized, and the bag (20) is hermetically sealed.

27. A filter package according to any one of claims
23-25 including a venting mechanism (40) on the
bag (20) for venting water vapor from the bag (20).

28. A filter package according to claim 27 wherein the
venting mechanism (40) comprises a vent hole (41)
formed in the bag (20).

29. A filter package according to claim 28 wherein the
venting mechanism (40) includes a filter medium
capable of removing microorganisms from air com-
municating with the vent hole (41).

30. A filter package according to any one of claims
23-29 wherein the water (30) comprises deionized
water.

31. A filter package according to any one of claims
23-30 wherein the water (30) comprises ultrapure
water.

32. A filter package according to any one of claims
23-31 wherein the filter (10) comprises a pleated fil-
ter.

33. A filter package according to any one of claims
23-32 wherein the filter (10) comprises a filter car-
tridge.

34. A filter package according to any one of claims
23-33 wherein the bag (20) comprises a translucent
or a transparent material.

35. A filter package according to any one of claims
23-34 wherein the bag (20) comprises a heat seal-
able material.

36. A filter package according to any one of claims
23-35 wherein the bag (20) comprises a polymeric
material.

37. A filter package according to any one of claims
23-35 wherein the bag (20) comprises a non-poly-
meric material.

Patentansprüche

1. Verfahren zur Herstellung einer Filterpackung, um-
fassend:
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Anordnen eines Filters (10) in einem flexiblen
Beutel (20);

mindestens teilweises Füllen des Beutels (20)
mit einer ersten Flüssigkeit (30); und

Sterilisieren/Keimfreimachen der ersten Flüs-
sigkeit (30) und des Filters (10) in dem Beutel
(20), dadurch gekennzeichnet, dass während
und nach dem Sterilisieren/Keimfreimachen
der Filter (10) vollständig in der Flüssigkeit (30)
eingetaucht ist.

2. Verfahren nach Anspruch 1, welches beinhaltet den
Beutel (20) hermetisch derart zu verschließen, dass
aus dem Beutel (20) im Wesentlichen alles freie
Gas aus dem Beutel (20) ausgeschlossen ist.

3. Verfahren nach Anspruch 1 oder 2, umfassend das
hermetische Versiegeln des Beutels (20) unterhalb
einer Oberfläche der ersten Flüssigkeit (30).

4. Verfahren nach einem der Ansprüche 1 bis 3, wel-
ches ferner das Verdrängen von Luft mit Hilfe der
ersten Flüssigkeit (30) aus der Mitte des Filters (10)
beinhaltet.

5. Verfahren nach einem der Ansprüche 1 bis 4, um-
fassend das hermetische Versiegeln des Beutels
(20), nachdem die erste Flüssigkeit (30) und das Fil-
ter (10) sterilisiert/keimfrei gemacht wurden.

6. Verfahren nach einem der Ansprüche 1 bis 5, um-
fassend das Verschließen des Beutels (20), ohne
dass dieser vor dem Sterilisieren/Keimfreimachen
hermetisch versiegelt wurde.

7. Verfahren nach einem der Ansprüche 1 bis 6, um-
fassend das Vorbenetzen des Filters (10) mit einer
zweiten Flüssigkeit, welche eine niedrigere Ober-
flächenspannung als die erste Flüssigkeit (30) auf-
weist, vor dem Anordnen des Filters (10) in den
Beutel (20).

8. Verfahren nach einem der Ansprüche 1 bis 7, worin
die erste Flüssigkeit (30) deionisiertes Wasser mit
einem Widerstandswert von mindestens 18 MΩ cm
ist, wenn diese in den Beutel (20) eingefüllt wird.

9. Verfahren nach einem der Ansprüche 1 bis 8, um-
fassend das Entlüften von Dampf aus dem Beutel
(20) während dem Sterilisieren/Keimfreimachen.

10. Verfahren nach Anspruch 9, umfassend das Entlüf-
ten von Dampf aus dem Beutel (20) durch ein Fil-
termedium.

11. Verfahren nach Anspruch 10, worin das Filtermedi-

um ein hydrophobes Filtermedium umfaßt.

12. Verfahren nach Anspruch 10 oder 11, worin das Fil-
termedium in der Lage ist, Mikroorganismen aus
Luft zu entfernen.

13. Verfahren nach einem der Ansprüche 10 bis 12,
worin das Filtermedium ein Filtermedium in Steril-
qualität umfaßt.

14. Verfahren nach einem der Ansprüche 9 bis 13, um-
fassend das Entlüften von Dampf durch eine Öff-
nung (41) in dem Beutel (20).

15. Verfahren nach Anspruch 9, umfassend das Entlüf-
ten des Dampfes durch eine semipermeable Mem-
bran (47), welche einen Teil des Beutels (20) bildet.

16. Verfahren nach einem der Ansprüche 1 bis 15, um-
fassend das Abkühlen der ersten Flüssigkeit (30)
nach dem Sterilisieren/Keimfreimachen und vor
dem Versiegeln des Beutels (20), während das Ein-
treten von Mikroorganismen in den Beutel (20) ver-
hindert wird.

17. Verfahren nach einem der Ansprüche 1 bis 16, um-
fassend das Anordnen des Filters (10) in Wasser
bei einer Temperatur von mindestens 160° F (71,1°
C) vor dem Sterilisieren/ Keimfreimachen, um her-
auslösbare Anteile aus dem Filter (10) auszulau-
gen.

18. Verfahren nach einem der Ansprüche 1 bis 17, um-
fassend das Anordnen des Filters (10) während
dem Sterilisieren/Keimfreimachen mit einem offe-
nen Ende des Filters (10) an einer höheren Stelle
als das gegenüberliegende Ende des Filters (10),
sodass Gas durch das offene Ende entweichen
kann.

19. Verfahren nach einem der Ansprüche 1 bis 18, um-
fassend das Füllen von im Wesentlichen allen Po-
ren des Filters (10) mit der ersten Flüssigkeit.

20. Verfahren nach einem der Ansprüche 1 bis 19, wor-
in das Filter (10) ein hydrophobes Filter ist.

21. Verfahren nach einem der Ansprüche 1 bis 20, wor-
in das Sterilisieren/Keimfreimachen das Sterilisie-
ren/Keimfreimachen durch Erwärmen beinhaltet.

22. Verfahren nach einem der Ansprüche 1 bis 21, wor-
in das Sterilisieren/Keimfreimachen das Sterilisie-
ren/Keimfreimachen in einem Autoklaven umfaßt.

23. Filterpackung, umfassend:

einen flexiblen Beutel (20), welcher für Mikro-
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organismen und flüssiges Wasser undurch-
dringlich ist;

ein Filter (10), welches in den Beutel (20) ein-
geschlossen ist; und

Wasser (30), welches mindestens teilweise
den Beutel (20) füllt, dadurch gekennzeichnet,
dass das Wasser (30) das Filter (10) vollständig
bedeckt.

24. Filterpackung nach Anspruch 23, worin das Wasser
(30) in der Mitte des Filters (10) angeordnet ist.

25. Filterpackung nach einem der Ansprüche 23 bis 24,
worin im Wesentlichen alles freie Gas aus dem Beu-
tel (20) ausgeschlossen ist.

26. Filterpackung nach einem der Ansprüche 23 bis 25,
worin das Wasser (30) und das Filter (10) sterilisiert/
keimfrei gemacht sind und der Beutel (20) herme-
tisch versiegelt ist.

27. Filterpackung nach einem der Ansprüche 23 bis 25,
umfassend einen Entlüftungsmechanismus (40),
an dem Beutel (20), um Wasserdampf aus dem
Beutel (20) zu entlüften.

28. Filterpackung nach Anspruch 27, worin der Entlüf-
tungsmechanismus (40) ein Entlüftungsloch (41),
welches in dem Beutel (20) ausgeformt ist, umfaßt.

29. Filterpackung nach Anspruch 28, worin der Entlüf-
tungsmechanismus (40) ein Filtermedium umfaßt,
welches in der Lage ist, Mikroorganismen aus Luft,
die mit dem Entlüftungsloch (41) in Fießverbindung
steht, zu entfernen.

30. Filterpackung nach einem der Ansprüche 23 bis 29,
worin das Wasser (30) deionisiertes Wasser um-
faßt.

31. Filterpackung nach einem der Ansprüche 23 bis 30,
worin das Wasser (30) hochreines Wasser umfaßt.

32. Filterpackung nach einem der Ansprüche 23 bis 31,
worin das Filter (10) ein gefaltetes Filter umfaßt.

33. Filterpackung nach einem der Ansprüche 23 bis 33,
worin das Filter (10) eine Filterpatrone umfaßt.

34. Filterpackung nach einem der Ansprüche 23 bis 33,
worin der Beutel (20) ein transluzentes oder trans-
parentes Material umfaßt.

35. Filterpackung nach einem der Ansprüche 23 bis 34,
worin der Beutel (20) ein wärmesiegelfähiges Ma-
terial umfaßt.

36. Filterpackung nach einem der Ansprüche 23 bis 35,
worin der Beutel (20) ein polymeres Material um-
faßt.

37. Filterpackung nach einem der Ansprüche 23 bis 35,
worin der Beutel (20) ein nicht-polymeres Material
umfaßt.

Revendications

1. Procédé pour la formation d'un ensemble de filtra-
tion comprenant les étapes consistant :

à disposer un filtre (10) dans un sac flexible
(20) ;
à remplir au moins partiellement le sac (20)
avec un premier liquide (30) ; et
à aseptiser le premier liquide (30) et le filtre (10)
dans le sac (20), caractérisé en ce que le filtre
(10) est entièrement immergé dans le premier
liquide (30) pendant et après l'aseptisation.

2. Procédé selon la revendication 1 comprenant le
scellement hermétique du sac (20) afin d'exclure du
sac (20) pratiquement la totalité de gaz libre du sac
(20).

3. Procédé selon l'une quelconque des revendications
1-2 comprenant le scellement hermétique du sac
(20) sous une surface du premier liquide (30).

4. Procédé selon l'une quelconque des revendications
1-3 comprenant en outre le déplacement d'air avec
le premier liquide (30) à partir du centre du filtre
(10).

5. Procédé selon l'une quelconque des revendications
1-4 comprenant le scellement hermétique du sac
(20) après l'aseptisation pour enfermer le premier
liquide (30) et le filtre (10).

6. Procédé selon l'une quelconque des revendications
1-5 comprenant la fermeture du sac (20) sans le
sceller hermétiquement avant l'aseptisation.

7. Procédé selon l'une quelconque des revendications
1-6 comprenant le prémouillage du filtre (10) avec
un second liquide ayant une tension superficielle in-
férieure au premier liquide (30) avant de disposer
le filtre (10) dans le sac (20).

8. Procédé selon l'une quelconque des revendications
1-7, dans lequel le premier liquide (30) est de l'eau
déminéralisée ayant une résistivité d'au moins 18
MΩ cm lorsqu'il est inséré dans le sac (20).

9. Procédé selon l'une quelconque des revendications
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1-8 comprenant la mise à l'air de vapeurs provenant
du sac (20) pendant l'aseptisation.

10. Procédé selon la revendication 9, comprenant la
mise à l'air de vapeurs provenant du sac (20) par
l'intermédiaire d'un milieu de filtration.

11. Procédé selon la revendication 10, dans lequel le
milieu de filtration comprend un milieu de filtration
hydrophobe.

12. Procédé selon l'une quelconque des revendications
10-11, dans lequel le milieu de filtration est capable
d'éliminer des micro-organismes de l'air.

13. Procédé selon l'une quelconque des revendications
10-12, dans lequel le milieu de filtration comprend
un milieu de filtration de qualité stérilisation.

14. Procédé selon l'une quelconque des revendications
9-13 comprenant la mise à l'air des vapeurs par l'in-
termédiaire d'une ouverture (41) dans le sac (20).

15. Procédé selon la revendication 9 comprenant la mi-
se à l'air des vapeurs à travers une membrane
semi-perméable (47) formant une partie du sac
(20).

16. Procédé selon l'une quelconque des revendications
1-15 comprenant le refroidissement du premier li-
quide (30) après l'aseptisation et avant le scelle-
ment du sac (20) tout en évitant aux micro-organis-
mes d'entrer dans le sac (20).

17. Procédé selon l'une quelconque des revendications
1-16 comprenant la disposition du filtre (10) dans
de l'eau à une température d'au moins 160°F
(71,1°C) avant l'aseptisation pour lessiver du filtre
(10) des matières extractibles.

18. Procédé selon l'une quelconque des revendications
1-17 comprenant la disposition du filtre (10) pen-
dant l'aseptisation avec une extrémité ouverte du
filtre (10) plus élevée qu'une extrémité opposée du
filtre (10) de telle sorte que les gaz peuvent s'échap-
per par l'intermédiaire de l'extrémité ouverte.

19. Procédé selon l'une quelconque des revendications
1-18 comprenant le remplissage de pratiquement
la totalité des pores du filtre (10) avec le premier
liquide.

20. Procédé selon l'une quelconque des revendications
1-19, dans lequel le filtre (10) est un filtre hydropho-
be.

21. Procédé selon l'une quelconque des revendications
1-20, dans lequel l'aseptisation comprend la stérili-

sation par chauffage.

22. Procédé selon l'une quelconque des revendications
1-21, dans lequel l'aseptisation comprend la stérili-
sation dans un autoclave.

23. Ensemble de filtration comprenant :

un sac flexible (20) imperméable aux micro-or-
ganismes et à l'eau liquide ;
un filtre (10) enfermé dans le sac (20) ; et
de l'eau (30) remplissant au moins partielle-
ment le sac (20), caractérisé en ce que l'eau
(30) immerge entièrement le filtre (10).

24. Ensemble de filtration selon la revendication 23,
dans lequel de l'eau (30) est disposée au centre du
filtre (10).

25. Ensemble de filtration selon l'une quelconque des
revendications 23 et 24, dans lequel pratiquement
la totalité des gaz libres est exclue du sac (20).

26. Ensemble de filtration selon l'une quelconque des
revendications 23-25, dans lequel l'eau (30) et le
filtre (10) sont stérilisés et le sac (20) est herméti-
quement scellé.

27. Ensemble de filtration selon l'une quelconque des
revendications 23-25 comprenant un mécanisme
de mise à l'air (40) sur le sac (20) pour mettre la
vapeur d'eau du sac (20) à l'air.

28. Ensemble de filtration selon la revendication 27,
dans lequel le mécanisme de mise à l'air (40) com-
prend un trou de mise à l'air (41) formé dans le sac
(20).

29. Ensemble de filtration selon la revendication 28,
dans lequel le mécanisme de mise à l'air (40) com-
prend un milieu de filtration capable d'éliminer des
micro-organismes de l'air communiquant avec le
trou de mise à l'air (41).

30. Ensemble de filtration selon l'une quelconque des
revendications 23-29, dans lequel l'eau (30) com-
prend de l'eau déminéralisée.

31. Ensemble de filtration selon l'une quelconque des
revendications 23-30, dans lequel l'eau (30) com-
prend de l'eau ultrapure.

32. Ensemble de filtration selon l'une quelconque des
revendications 23-31, dans lequel le filtre (10) com-
prend un filtre plissé.

33. Ensemble de filtration selon l'une quelconque des
revendications 23-32, dans lequel le filtre (10) com-

29 30



EP 0 804 366 B1

17

5

10

15

20

25

30

35

40

45

50

55

prend une cartouche de filtration.

34. Ensemble de filtration selon l'une quelconque des
revendications 23-33, dans lequel le sac (20) com-
prend un matériau translucide ou transparent.

35. Ensemble de filtration selon l'une quelconque des
revendications 23-34, dans lequel le sac (20) com-
prend un matériau thermosoudable.

36. Ensemble de filtration selon l'une quelconque des
revendications 23-35, dans lequel le sac (20) com-
prend un matériau polymère.

37. Ensemble de filtration selon l'une quelconque des
revendications 23-35, dans lequel le sac (20) com-
prend un matériau non polymère.
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