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(54) Oil-less and wetted pressure relief valves having an integrated filter

(57) The invention provides a one-way pressure re-
lief valve (310, 410) for attachment over a vent on an
exterior surface of a closed package (11) containing a
gas-producing product, the pressure relief valve (310,
410) having a particulate filter (316) and a flexible seal
(318), characterized by a filter layer (316) of a strip-type
material having a periphery (320) and first and second
sides (322, 324) defining a body (326) therebetween, the
filter layer (316) having a filter element (328) in the strip-
type material providing passage of gas through the body
(326) and obstruction of particulate matter; adhesive (20)
on the filter layer second side (324) to adhere the pres-
sure relief valve (310, 410) to the exterior surface of the
closed package (11); and the flexible seal (318) joined
selectively to the filter layer first side (322) to form a gas
flow path (21) between the flexible seal (318) and the
filter layer first side (322) along an unjoined region of the
flexible seal (318) and filter layer (316) from the filter el-
ement (328) to the filter layer periphery (320), the flexible
seal (318) having a first position in which the unjoined
region seals the filter element (328) to obstruct gas flow
through the body and a further position in which the un-
joined region is spaced at least partially from the filter
layer first side (322) and the filter element (328) by gas
pressure exerted through the filter element (328) to per-
mit one-way gas outflow through the gas flow path (21),
whereby the pressure relief valve (310, 410) enables
one-way pressurized gas out-flow from an interior of the

closed package (11) through the filter element (328) and
the gas flow path (21) while preventing particulate matter
from interfering with sealing of the filter element (328)
once gas pressure inside the package (11) is decreased.
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Description

[0001] This invention relates generally to one-way
pressure relief valves that are applied to packaging for
products, such as coffee, and more particularly to im-
proved pressure relief valves that have an integrated filter
and which maybe used with or without a wetting agent.

BACKGROUND OF THE INVENTION

[0002] US 7,178,555 discloses a one-way pressure re-
lief valve attachable to product packaging to vent pres-
surized gases from the packaging. In addition, one-way
pressure relief valves, such as the PLITEK PLI-VALV
PV-28 pressure relief valves, are applied to packaging
for products, such as coffee, to allow unwanted gases to
vent from the packaging while sealing out atmospheric
gases. Such valves may vary in material and construction
depending on the packaging application. The valves
maybe made, for example, of plastic or foil, and are gen-
erally self-adhering, thin, low profile designs supplied on
a nontearing polyester or paper liner.
[0003] The valves are generally attached to the product
package with a heat-sealed or pressure-sensitive adhe-
sive. An adhesive on the back side of the valves may
initially mount the valves on the liner. The valves are re-
moved from the liner and the adhesive is used to attach
a valve to the package.
[0004] In operation, the valves open at a target pres-
sure and then close at a lower target pressure, the values
of which are dependent on the packaging application,
after pressure inside the packaging drops. The valves
vent unwanted gases and seal out atmospheric gases
from rigid or flexible packaging or other enclosures. One
advantage of such valves is that they allow a product,
such as coffee, to be packaged immediately after roast-
ing and grinding to preserve product freshness. Such
one-way pressure relief valves allow a product, such as
coffee, to degas during packaging and shipping, while
reducing oxidation of the product. Use of such valves
permits elimination of a bulk degassing process of the
product prior to packaging. This not only speeds the over-
all process, saving time and money, and space, but also
reduces exposure of the product to oxidation. Thus the
product, such as coffee, is provided to consumers at a
greater level of freshness and quality.
[0005] A sealing lubricant (also known as a wetting
agent) such as a silicone or graphite impregnated oil may-
be added between the membrane layers of the valve to
wet the relevant valve surfaces to facilitate closing of the
valve. Addition of a sealing lubricant to wet the relevant
valve surfaces is typically done just prior to applying the
valve to the packaging. In operation, the dry strap mem-
brane of such prior art valves is permitted to flex away
from an opening to vent unwanted gases within the pack-
aging upon reaching the application-determined opening
pressure. When the pressure drops to the application-
determined closing pressure, the dry strap in cooperation

with the sealing lubricant wetting the dry strap, flexes
back toward the opening closing the valve and preventing
atmospheric gases from entering the packaging.
[0006] One-way pressure relief valves including a wet-
ting agent are excellent for their intended purpose. How-
ever, the step of lubricating the valves with a wetting
agent adds time and cost and is another factor to control
in the process of applying the valves. While the wetted
valve is often attached to the outside of the packaging,
there maybe instances in which it is desirable to put the
valve inside the package with the product and inclusion
of a wetting agent may not be possible because the wet-
ting agent could come into contact with the product. Ac-
cordingly, there is a need for a one-way pressure relief
valve that does not require the addition of a lubricant.
[0007] There also remains a need affecting one-way
pressure relief valves generally which is to protect the
pressure relief valves from becoming fouled by fine par-
ticulate matter, such as particulates within the packaging
to which a valve is attached. Fouling of the one-way pres-
sure relief valve can interfere with operation of the valve
and can prevent the valve from closing completely. In-
complete valve closure can allow air to enter the package
damaging the product within the package. Accordingly,
there is a need for a one-way pressure relief valve that
prevents valve fouling and contributes to improved op-
eration of the one-way pressure relief valve.

SUMMARY OF THE INVENTION

[0008] Certain embodiments of the present invention
are concerned with providing a one-way pressure relief
valve for application to product packaging without requir-
ing the addition of a sealing lubricant to wet sealing por-
tions of the pressure relief valve. Other one-way pressure
relief valve embodiments may include such a sealing and
wetting lubricant for optimal operation. A filter integrated
with the pressure relief valve prevents particulates from
entering the pressure relief valve providing for improved
valve operation.
[0009] In embodiments, a one-way pressure relief
valve may include a gas-impervious base layer having a
top, a bottom, and an opening extending through the base
layer from top to bottom. A flexible seal cooperates with
the base layer to open and close the pressure relief valve.
A flexible seal may include a gas-impervious adhesive-
like material layer atop the base layer and around the
base layer opening. Further, a gas-impervious silicone
or other release film coated membrane covers the base
layer opening with the release film in contact with the
adhesive-like material creating a surface attraction be-
tween the release film and the adhesive-like material to
close the pressure relief valve. When pressure inside the
package exceeds a target pressure, the adhesive-like
material layer and release film coated membrane sepa-
rate allowing gas to flow therebetween and out of the
pressure relief valve through a gas flow path.
[0010] The release film coated membrane covering the
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opening extending through the base layer may not extend
to the edges of the adhesive-like material layer in one
direction, and it may not extend to the edges of the base
layer in one direction.
[0011] A gas-impervious adhesive layer having a thick-
ness located on the bottom of the base may be provided
to attach the base to the packaging. The adhesive layer
preferably has an opening, generally aligned with the
opening extending through the base layer, extending en-
tirely through the adhesive layer.
[0012] A flexible seal may further include a gas-imper-
vious cover layer and a gas impervious adhesive layer
between the cover layer and the silicone or other release
film coated membrane, opposite the silicone or other re-
lease film.
[0013] The one-way pressure relief valve may also
have a gas-impervious intermediate layer having a top
and bottom between the adhesive-like material layer and
the base with an opening extending through the interme-
diate layer from top to bottom and generally aligned with
the opening in the base and the opening in the adhesive-
like material layer. The one-way pressure relief valve may
further have a filter material layer between the openings
of the intermediate layer and the base, a gas-impervious
layer of adhesive between the intermediate layer and the
filter material layer, and an opening extending through
the layer of adhesive between the intermediate layer and
the filter material layer. The opening may be generally
aligned with the openings of the adhesive-like material
layer, the intermediate layer, and the base.
[0014] The opening in the base may be larger than the
openings in the intermediate layer and the layer of ad-
hesive between the intermediate layer and the filter ma-
terial layer. The filter material layer may be secured
around its periphery by a portion of the layer of adhesive
between the intermediate layer and the filter material lay-
er, and the filter material layer may be recessed in the
opening in the base.
[0015] A plurality of openings of a size to prevent the
passage of the product into the openings of the interme-
diate layer and the base may be included in the filter
material layer.
[0016] A gas-impervious layer of adhesive may be in-
cluded between the filter material layer and the base with
an opening extending through the layer of adhesive be-
tween the filter material layer and the base. The opening
may be generally aligned with the openings of the adhe-
sive-like material layer, the intermediate layer, the layer
of adhesive between the intermediate layer and the filter
material layer, and the base.
[0017] The filter material layer may include a plurality
of openings of a size to prevent the passage of the prod-
uct into the opening of the intermediate layer toward the
sealing and operating portions of the valve in the area of
the generally aligned openings extending through the ad-
hesive-like material layer, the intermediate layer, and the
layer of adhesive between the intermediate layer and the
filter material layer.

[0018] The filter material layer may prevent the pas-
sage of liquid while permitting the escape of gas, and
may be an expanded polytetrafluoroethylene material, a
liquid proof breathable fabric, a hydrophobic material, or
an oleophobic material.
[0019] In another embodiment, the present invention
is concerned with a further pressure relief valve for ap-
plication to product packaging. Such embodiment has a
gas-impervious base layer having a top and bottom and
an opening extending through the base layer from top to
bottom. A gas-impervious layer is provided atop the base
layer around the opening extending through the base lay-
er. A gas-impervious intermediate layer is provided hav-
ing a top and bottom between the layer atop the base
layer and the base and an opening extending through
the intermediate layer from top to bottom and generally
aligned with the opening in the base and the opening in
the layer atop the base layer. A filter material layer is
provided between the intermediate layer and base
aligned with the openings in the intermediate layer and
base. The filter material layer is secured between the
intermediate layer and base by gas-impervious adhe-
sive.
[0020] The opening in the base may be larger than the
openings in the intermediate layer and the layer of ad-
hesive between the intermediate layer and the filter ma-
terial layer; the filter material layer may be secured
around its periphery by a portion of the layer of adhesive
between the intermediate layer and the filter material lay-
er; and the filter material layer may recessed in the open-
ing in the base.
[0021] A plurality of openings of a size to prevent the
passage of the product into the openings of the interme-
diate layer and sealing and operating portions of the valve
may be included in the filter material layer.
[0022] A gas-impervious layer of adhesive may be in-
cluded between the filter material layer and the base with
an opening extending through the layer of adhesive be-
tween the filter material layer and the base, and generally
aligned with the openings of the layer atop the base, the
intermediate layer, the layer of adhesive between the in-
termediate layer and the filter material layer, and the
base.
[0023] The filter material layer may include a plurality
of openings of a size to prevent the passage of the prod-
uct into the openings of the intermediate layer and into
the sealing and operating portions of the valve.
[0024] The filter material layer may prevent the pas-
sage of liquid while permitting the escape of gas.
[0025] In other embodiments, a one-way pressure re-
lief valve having a particulate filter is provided. The pres-
sure relief valve is for attachment over a vent on an ex-
terior surface of a closed package. Preferably, the pres-
sure relief valve comprises a filter layer and a flexible
seal joined selectively to the filter layer. A preferred filter
layer has a periphery and first and second sides defining
a body therebetween. The filter layer preferably has a
filter element providing passage of gas through the body
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while obstructing passage of particulate matter there-
through. A preferred flexible seal forms a gas flow path
between the flexible seal and the filter layer first side
along an unjoined region of the flexible seal and filter
layer from the filter element to the filter layer periphery.
The flexible seal has a first position in which the unjoined
region seals the filter element to obstruct gas flow through
the body of the filter layer and a further position in which
the unjoined region is spaced at least partially from the
filter element by gas pressure exerted through the filter
element to permit one-way gas outflow through the gas
flow path. In the embodiment, a pressure relief valve en-
ables one-way pressurized gas outflow from an interior
of the closed package through the filter element and the
gas flow path while preventing particulate matter from
interfering with sealing of the filter element once gas pres-
sure inside the package is decreased.
[0026] A preferred filter element defines aperture and
barrier portions, the aperture portions providing for the
passage of the gas through the filter layer body and the
barrier portions providing for the obstructing of the par-
ticulate matter. The apertures defined by the filter ele-
ment may have a shape or shapes of any suitable type
including shapes selected from the group consisting of
circles, slits, chevrons, rectangles, and combinations
thereof. The apertures defined by the filter element may
be arranged in one or more cluster. Preferably, the filter
element has a mesh size of between about 30 mesh and
200 mesh.
[0027] Embodiments may be configured for operation
without a wetting fluid. In such embodiments, a first gas-
impervious layer having a surface attraction may be pro-
vided atop the filter layer permitting gas flow through the
aperture portions. A flexible cover is preferably over the
filter layer. A second gas-impervious layer supported by
the flexible cover covers the aperture portions in the first
position. Preferably, the second gas-impervious layer
has a surface affinity attracted to the first gas-impervious
layer to form a seal therewith blocking passage of gas
between the first and second gas-impervious layers. In
the embodiments, movement of the flexible seal to the
further position separates the first and second gas-im-
pervious layers to allow gas to flow along the gas flow
path between the first and second gas-impervious layers.
[0028] Other embodiments may be configured for op-
timal operation with a wetting fluid on the valve surface.
In such embodiments, the flexible seal used in conjunc-
tion with the filter layer preferably comprises a closure
unjoined to the filter element and overlying the aperture
portions. A cover layer has a second side which holds
the closure against the filter element when in the first
position. The preferred cover layer has first and second
shoulder or outer regions spaced laterally apart and fac-
ing the first side of the filter layer. The shoulder regions
are joined to the filter layer with the closure and the gas
flow path therebetween. Movement of the cover layer to
the further position by gas pressure separates the closure
from the aperture portions to permit gas to flow out of the

pressure relief valve along the gas flow path.
[0029] Other features and embodiments are described
in the drawings and detailed description which follows.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] Exemplary pressure relief valves having an in-
tegrated particulate filter may be understood by reference
to the following description taken in conjunction with the
accompanying drawings, in which like reference numer-
als identify like elements throughout the different views.
For convenience and brevity, like reference numbers are
used for like parts amongst the embodiments. The draw-
ings are not necessarily to scale, emphasis instead being
placed upon illustrating the principles of the invention. In
the accompanying drawings:

FIG. 1 is a top plan, reduced scale view, of a fragment
of a liner carrying a series of four exemplary pressure
relief valves of the present invention;

FIG. 2 is an exploded perspective view of an embod-
iment of a pressure relief valve embodying the
present invention;

FIG. 3 is an exploded perspective view of a further
embodiment of a pressure relief valve, but including
an integrated filter in accordance with the present
invention;

FIG. 4 is an exploded perspective view of another
embodiment of a pressure relief valve embodying
the present invention with a membrane in between
the base layer and a lower base layer that prevents
particulate, or in another variation liquid, from enter-
ing or penetrating the valve seal layer;

FIG. 5 is an exploded perspective view of a further
embodiment of a pressure relief valve having an in-
tegrated filter;

FIG. 6 illustrates the exemplary filter layer of the pres-
sure relief valve of FIG. 5;

FIG. 6A is an enlarged view of an exemplary filter
element taken along section 6A of FIG. 6;

FIG. 7 illustrates a further exemplary filter layer;

FIG. 7A is an enlarged view of an exemplary filter
element taken along section 7A of FIG. 7;

FIG. 8 illustrates yet another exemplary filter layer;

FIG. 8A is an enlarged view of an exemplary filter
element taken along section 8A of FIG. 8;

FIG. 9 is an exemplary package including a pressure
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relief valve having an integrated filter secured to an
exterior surface of the package;

FIG. 10 is an exploded perspective view of the pres-
sure relief valve of FIG. 9;

FIG. 11 is a section view of the pressure relief valve
taken along section 11-11 of FIG. 9 showing the
valve in a closed state;

FIG. 12 is a section view of the pressure relief valve
taken along section 11-11 of FIG. 9, but showing the
valve in an open state;

FIG. 13 is a plan view of the pressure relief valve of
FIG. 12; and

FIG. 14 is a perspective view of the pressure relief
valve of FIG. 12.

DETAILED DESCRIPTION

[0031] As illustrated in FIGS. 1-14, the present inven-
tion relates to an improved one-way pressure relief valve
10, 110, 210, 310, and 410 for application to a product
package 11 (FIG. 9) in which gases need to be vented
from package 11 and atmospheric gases need to be pre-
vented from entering back into the package 11 through
pressure relief valve 10, 110, 210, 310, and 410. For
convenience and brevity, exemplary pressure relief
valves 10, 110, 210, 310, and 410 are described for use
with an exemplary package 11 of the type illustrated in
FIG. 9, it being understood that such pressure relief
valves 10, 110, 210, 310, and 410 may be used with any
suitable package such as those described herein.
[0032] Certain of exemplary pressure relief valves 10,
110, 210, and 310 illustrated in FIGS. 1-5 do not require
a lubricant to wet and seal the valve. Exemplary pressure
relief valve 410 illustrated in FIGS. 9-14 is designed for
optimal function when certain valve surfaces are wetted
with a lubricant or other wetting agent.
[0033] Certain of exemplary pressure relief valves 110,
210, 310, and 410 include an integrated filter. As used
herein, "integrated filter" means or refers to a filter which
is a component part of pressure relief valve 110, 210,
310, and 410.
[0034] Exemplary pressure relief valves 10, 110, 210,
310, and 410 provide for one-way pressurized gas flow
out from a closed container, or package 11, to the sur-
rounding environment. A "closed" package 11 means or
refers to anything that contains, or can contain, a material
13 (FIGS. 11-12) and which is closed. Closure of package
11 can result from the manufacturing or packaging proc-
ess or from when the package 11 is re-closed following
removal of material 13 from package 11. For example, a
package 11 containing coffee beans or ground coffee
may be re-closed subsequent to removal of a portion of
the beans or coffee grounds from within package 11.

[0035] The gas to be evacuated from package 11 is
contained within an interior portion 15 of package 11 il-
lustrated in FIGS. 9 and 11-12. The gas can be generated
internal to package 11 after packaging and closure of
package 11 by, for example, off gassing by coffee, or-
ganic, or other type material 13 within the closed package
11. By way of further example, the entrapped gas may
be gas remaining in a package following the packaging
process. For example, a sack-type or a bag-type package
of grout or fertilizer (not shown) could contain gas in a
head space following packaging and such gas could en-
large the volumetric size of the package making the pack-
age less compact and requiring more space for storage
of the package. A pressure relief valve 10, 110, 210, 310,
410 may be used to evacuate the gas to reduce the vol-
umetric size of the package.
[0036] Integrated particulate filters of the types de-
scribed herein ensure that pressure relief valves 110,
210, 310, and 410 operate properly by preventing small
particulate-type material 13 from interfering with closure
of pressure relief valves 110, 210, 310, and 410 after
pressurized gas is evacuated from package 11. Incom-
plete closure of pressure relief valves 110, 210, 310, and
410 can permit unwanted atmospheric air to enter pack-
age 11, potentially spoiling or damaging material 13 con-
tained within package 11.
[0037] Pressure relief valves 10, 110, 210, 310, and
410 may be used with any type of package wherein it is
desired to evacuate gas from such package and package
11 illustrated in FIG. 9 is merely one example of a pack-
age which may be used with pressure relief valves 10,
110, 210, 310, and 410. Representative examples of
packages 11 include flexible and rigid cans, packs, bags,
and pouches, all of which are known to persons of skill
in the art.
[0038] Pressure relief valves 110, 210, 310, and 410
are preferably affixed to an exterior surface 17 of package
11 over a vent 19 through package 11 which permits
passage of gas out of package 11 to the surrounding
environment. Pressure relief valves 110, 210, 310, and
410 may be affixed to any suitable exterior surface 17 of
package 11 having a vent 19 including, for example, a
top, a bottom, a front, a rear, a side, a lid, a cover, and
a cap of package 11. Pressure relief valves 110, 210,
and 310 not including a wetting agent or lubricant may
be used on an interior surface of package 11.
[0039] Referring now to FIG. 1, an exemplary series
of four pressure relief valves 10 embodying the present
invention is shown in FIG. 1 mounted on a fragment of a
liner 12 for removal and attachment to a package, such
as package 11 of FIG. 9. Liner 12 carries pressure relief
valves 10 until the valves 10 are removed during the proc-
ess of attaching the valves to packaging as in United
States Patent 7,472,524 (Hoffman et al.). However,
valves 10 illustrated in FIG. 1 do not require the step of
injecting a lubricant, such as by application of a vacuum
to separate layers of the valve 10 to provide for dispersal
of a lubricant sprayed, or preferably atomized, into open-
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ings in the valve 10. The valves 10 may be sized as ap-
propriate based on the packaging application. As illus-
trated in FIG. 1, the valves 10 are conveniently spaced
apart at regular intervals along liner 12, as for example,
at a one inch interval between centers, although the re-
peat spacing is also dependent on the packaging appli-
cation.
[0040] For use in packaging of a product such as cof-
fee, an opening pressure less than 0.4 psig and a closing
pressure greater than 0.008 psig may be desirable for
the valves. Put another way, valve 10 may be designed
to open when the pressure inside package 11 exceeds
pressure external to package 11 by less than about 0.4
psig and valve 10 may be designed to close when pres-
sure inside package 11 exceeds pressure outside pack-
age 11 by 0.008 psig or less.
[0041] As illustrated in the exploded perspective view
of FIG. 2, pressure relief valve 10, has a gas-impervious
bottom layer or base membrane 16 of polyethylene
terephthalate (PET), or other suitable plastic, approxi-
mately 0.25 mils to 50 mils in thickness. The overall ma-
terial selection and construction of the valve 10 is de-
pendent not only on the product being packaged, but also
on the nature of the packaging itself, particularly its flex-
ibility or rigidity. The material, and particularly the thick-
ness, of base 16 are determined by those skilled in the
art to overcome the bending force of the packaging. A
hole or opening 18, which is best shown in FIG. 2, is
generally centrally disposed within the perimeter of base
16 and extends entirely through base 16.
[0042] To mount base 16 on liner 12 for later removal
from the liner and attachment to packaging, an adhesive
20 of approximately 0.25 mils to 15 mils in thickness is
applied. Adhesive layer 20, which is also gas-impervious,
is also provided with a hole or opening 22 conveniently
aligned with opening 18 in base 16. Suitable adhesives
for adhesive layer 20 may include pressure-sensitive and
heat-activated adhesives. Rubber-based, silicone, and
acrylic adhesives may be utilized in adhesive layer 20.
[0043] A corresponding hole or opening through liner
12 is not needed for the valves 10 (and pressure relief
valves 110, 210, 310, and 410) of the present invention,
but may result from the manufacturing process for valve
10.
[0044] Cooperating with base 16 to close and, alterna-
tively, open valve 10 is flexible seal 318. Flexible seal
318 includes layer 26, membrane 36 with layer 32, ad-
hesive layer 40, and cover 44. Flexible seal 318, except
layer 26, flexes responsive to an increase in differential
gas pressure to permit gas to flow out from valve 10 and
flexes back to its original position to close valve 10 when
the differential pressure decreases.
[0045] Referring then to FIG. 2, positioned atop base
16, around opening 18, is a gas-impervious layer 26 of
an adhesive-like material, generally referred to as no
tack, ultra low tack, cling film, self wetting, removable
adhesive, or cohesive substrate of approximately 0.25
mils to 15 mils thickness. As illustrated in FIG. 2, a hole

or opening 28 extending through the adhesive-like ma-
terial layer 26 is also conveniently generally aligned with
openings 18 and 22. A gas-impervious silicone or other
dry release film layer 32 coats a PET, or other plastic,
gas-impervious membrane 36, approximately 0.25 mils
to 15 mils in thickness. An example of a silicone material
which may be implemented as a release film layer 32 is
polydimethysiloxane. The membrane 36 including re-
lease film layer 32 covers openings 28, 22, and 18, with
release film layer 32 in contact with adhesive-like material
layer 26 creating a surface attraction between film layer
32 and adhesive-like material layer 26. By way of exam-
ple only, the affinity of release film layer 32 and adhesive-
like material layer 26 may be described in quantitative
terms as a bond strength in the range of 0.25 grams/inch
to 10 grams/inch when measured with a tensile tester in
accordance with ASTM F-88. As is best illustrated in FIG.
2, each of the layers 26, 32, and 36, extends generally
the length (L) of valve 10, but is narrower than the width
(W) of valve 10.
[0046] Over the top of membrane 36 and the side edg-
es of the top surface of base 16 is a gas-impervious pres-
sure sensitive adhesive layer 40 which is approximately
0.25 mils to 15 mils thick. A gas-impervious PET, or other
plastic, top or cover membrane 44, approximately 0.25
mils to 15 mils thick, covers the pressure sensitive ad-
hesive layer 40. The adhesive of layer 40 conveniently
has more adhesive strength than adhesive 20 so that the
force of adhesion between pressure relief valve 10 and
liner 12 will be less than the force of adhesion between
the parts or layers of the pressure relief valve 10 and so
that a pressure relief valve 10 may be removed from liner
12 without causing valve 10 to separate. Suitable adhe-
sives for adhesive layer 40 may include pressure-sensi-
tive and heat-activated adhesives. Rubber-based, sili-
cone, and acrylic adhesives may be utilized in adhesive
layer 40.
[0047] As illustrated in FIG. 2, while all of the compo-
nents 26, 32, 36, 40, and 44 are generally coextensive
in one direction, they are not in the transverse direction.
More particularly, adhesive-like material layer 26, re-
lease film layer 32, and membrane 36 are not as wide in
the transverse direction as base 16, pressure sensitive
adhesive layer 40, and cover membrane 44, and do not
extend to the edges of base 16, pressure sensitive ad-
hesive layer 40, and cover membrane 44. This results in
what appears in FIG. 2, to be lowered shoulders 46 and
48 along the edges of adhesive layer 40, and cover mem-
brane 44, respectively. Shoulders 48 prevent any side-
ways leakage, particularly of air into package 11, which
would be detrimental to the proper functioning of valve
10. To prevent any flexing away below adhesive-like ma-
terial layer 26, which could allow air into the packaging,
materials of a thickness and flexibility appropriate to fit
package 11 are used for base 16 and adhesive layer 20.
[0048] Adhesive-like material layer 26 and release film
layer 32 may be of the same size, that is have the same
outside dimensions as illustrated in FIG. 2. However, in
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a further embodiment, release film layer 32 could be re-
duced in sized to result in a lower target opening pressure
and a more rapid closure of valve 10 by making release
layer 32 narrower than layer of adhesive-like material 26.
Such sizing would reduce the surface area of adhesive-
like material layer 26 and release film layer 32 in contact
thereby reducing the energy required to separate the ad-
hesive-like material and release film layers 26, 32 thereby
opening valve 10 at a lower pressure.
[0049] Openings 18, 22, and 28 are illustrated in this
embodiment as circular. However, openings 18, 22 and
28 may have a different configuration, such as an oval
configuration. The geometry of openings 18, 22 and 28,
especially opening 18 in base 16, has a direct correlation
to opening pressure. The larger the perimeter of the
opening 18, 22 and 28, the lower the opening pressure
can be.
[0050] In operation, base 16 and flexible seal 318 op-
erate in the following manner. Release film 32 coated
membrane 36 is separated from adhesive-like material
layer 26 by the build up of the target opening pressure
inside a package, such as package 11, to permit venting
of the unwanted gases into the atmosphere. This pres-
sure build up represents a differential pressure between
pressure inside package 11 and the atmosphere outside
such package 11. Membrane 36, pressure sensitive ad-
hesive layer 40, and cover membrane 44 of flexible seal
318 all flex upwardly together under the force of the target
opening pressure to allow gas to escape from package
11. The upward flexing movement is generally parallel,
and not transverse, to shoulders 46 and 48. Gas flows
out of valve 10 along gas flow pathway 21 bounded by
base layer 16 opening 18, release coated membrane 36
adhered to cover membrane 44 by adhesive 40, base
layer 16 and shoulders 48 of membrane 44 adhered to
base 16 by adhesive 40. When such differential pressure
is decreased, force applied by cover membrane 44 to
release coated membrane 36 causes membrane 36 to
be seated on adhesive-like material layer 26 closing pres-
sure relief valve 10.
[0051] After the gases are vented, and the pressure
inside package 11 drops down to the target closing pres-
sure, the attraction of the release film layer 32 to the ultra
low tack adhesive-like material layer 26 reseals the valve
10 to provide one-way functionality and prevent the entry
of oxygen and other atmospheric gases through valve
10 and into the package 11.
[0052] Referring next to FIG. 3, there is shown a filtered
pressure relief valve 110 embodiment of the present in-
vention. That is, pressure relief valve 110 has an inte-
grated filter 140. Filtered pressure relief valve 110 may
also be mounted on a liner 12 as illustrated in FIG. 1 for
valve 10 for removal and attachment to a product pack-
age 11. Portions of valve 110 that are the same as valve
10 are identified by the same reference numerals.
[0053] Accordingly, as illustrated in the exploded per-
spective view of FIG. 3, pressure relief valve 110, has a
bottom layer or base membrane 16 to which adhesive

20 is applied to mount base 16 on liner 12 for later removal
from the liner 12 and attachment to a package, such as
package 11. A hole or opening 118, as illustrated in FIG.
3, is circular and generally centrally disposed within the
perimeter of base 16. Opening 118 extends entirely
through base 16. Adhesive layer 20 is also provided with
a circular hole or opening 122 conveniently aligned with
opening 118 in base 16. Both openings 118 and 122 are
larger in diameter than openings 18 and 22 of valve 10.
[0054] Valve 110 has a gas-impervious intermediate
layer or membrane 126, similar to base membrane 16,
which may also be of PET or other suitable plastic, ap-
proximately 0.25 mils to 50 mils in thickness. A hole or
opening 128, as illustrated in FIG. 3, is generally centrally
disposed within the perimeter of intermediate membrane
126 and extends entirely through intermediate mem-
brane 126.
[0055] To affix intermediate membrane 126 to base
membrane 16, a layer of adhesive 132 of approximately
0.25 to 15 mils in thickness is applied. Adhesive layer
132 is also provided with a hole or opening 134. Both
openings 128 and 134, illustrated as circular openings in
FIG. 3, are conveniently generally aligned with each other
and conveniently generally concentric with opening 118
in base 16 and opening 122 in adhesive layer 20. The
diameter of openings is smaller than the diameter of
openings 118 and 122.
[0056] A generally circular filter membrane 140 is
mounted between base 16 and adhesive layer 132. Filter
140 has a diameter larger than the diameter of openings
128 and 134, but smaller than the diameter of openings
118 and 122. Accordingly, filter 140 is secured around
its periphery by the underside of adhesive layer 132 be-
neath intermediate membrane 126, and is recessed in
opening 118 of base 16.
[0057] Filter membrane 140 may be made of a filter
material appropriate for the packaging application in re-
gards to gas flow and the restriction of particulates. For
example, for some coffee products, a 10 gsm filter ma-
terial may be used. The filter material may be a synthetic
fabric, more particularly a woven nylon material. One ex-
ample of a suitable material is Cerex nylon woven mate-
rial made by Cerex Advanced Fabrics LP, of Canton-
ment, Florida, which is a particularly durable and tough
material. This material has a high resistance to chemical
attack, and is resistant to insect and bacterial attack and
is resistant to mildew. Such filter material of filter mem-
brane 140 prevents the entrance of fine particulate mat-
ter, such as finely ground coffee, from further entering
the pressure relief valve 110 and disrupting proper func-
tioning of pressure relief valve 110.
[0058] Cooperating with intermediate membrane 126
to close and, alternatively, open valve 110 is flexible seal
318. Flexible seal 318 includes layer 26, membrane 36
with layer 32, adhesive layer 40 and cover 44. As with
valve 10, flexible seal 318, except layer 26, flexes re-
sponsive to an increase in differential gas pressure to
permit gas to flow out from valve 110 and flexes back to
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its original position to close valve 110 when the differen-
tial pressure decreases.
[0059] Referring then to FIG. 3, positioned atop inter-
mediate membrane 126 and around opening 128 is a
layer 26 of an adhesive-like material. As illustrated in
FIG. 3, hole or opening 28 extending through the adhe-
sive-like material layer 26 is also circular of the same
general diameter as openings 128 and 134, and conven-
iently generally aligned with openings 128 and 134. On
top of the layer of adhesive-like material layer 26 is re-
lease film layer 32 coating on membrane 36. Membrane
36 may be of PET, or other plastic, and may have a thick-
ness of approximately 0.25 mils to 15 mils as described
in connection with pressure relief valve 10. The release
coated membrane 36 covers openings 28, 128, 134, 118,
and 122, with release film layer 32 in contact with adhe-
sive-like material layer 26 due to a surface attraction be-
tween release film layer 32 and adhesive-like material
26. There should not be any sideways leakage, particu-
larly of air into the packaging. None of the layers below
adhesive-like material layer 26 should flex away to allow
air into package 11; this is achieved by selection of ap-
propriate materials and thicknesses of each of the layers
to fit the packaging application.
[0060] As with valve 10, and as illustrated in FIG. 3,
each of layers 26, 32 and 36, extends generally the length
(L) of valve 110, but is narrower than the width (W) of
valve 110, and the release coated membrane 36 and
adhesive-like material layer 26 are preferably narrower
than intermediate layer 126 as illustrated in FIG. 3. Over
the top of membrane 36 and the side edges of the top
surface of intermediate membrane 126 is a pressure sen-
sitive adhesive layer 40, with shoulders 46, which se-
cures PET, or other plastic, cover membrane 44, with
shoulders 48, covering pressure sensitive adhesive layer
40. Cover membrane 44 may have a thickness of ap-
proximately 0.25 mils to 15 mils as described for pressure
relief valve 10.
[0061] Openings 28, 118, 122, 128, and 134 are de-
scribed and illustrated in this embodiment as circular.
However, they may have a different configuration, such
as an oval configuration.
[0062] Valve 110 operates in the same manner as
valve 10, with the additional function of blocking the pas-
sage of small particles of product, such as ground coffee,
into the valve 110 past base 16. As with valve 10, an
increase in differential pressure within package 11 caus-
es flexible seal 318 to move separating membrane 36
from adhesive-like layer 26 on intermediate membrane
126. Separation of membrane 36 from adhesive-like lay-
er 26 opens valve 110 allowing gas to flow through gas
flow path 21 in the direction of the indicating arrows and
out of valve 110.
[0063] Obstruction of particulates by filter membrane
140 prevents such particulates from becoming lodged
between membrane 36 and adhesive-like layer 26 on
intermediate membrane 126. Lodgment of particulates
could potentially prevent complete surface-to-surface

seating of membrane 36 on adhesive-like layer 26 leav-
ing passageways between membrane 36 and adhesive-
like layer 26 through which air could enter package 11
through pressure relief valve 110.
[0064] Referring next to FIG. 4, an additional embod-
iment of the present invention is illustrated. A pressure
relief valve 210 of this embodiment may also be mounted
on a liner 12 for removal and attachment to product pack-
age 11 as illustrated in FIG. 1 for valve 10. Portions of
valve 210 that are the same as valve 10 are identified by
the same reference numerals.
[0065] Accordingly, as illustrated in the exploded per-
spective view of FIG. 4, pressure relief valve 210, has a
bottom layer or base membrane 16 with a hole or opening
18 generally centrally disposed within the perimeter of
base 16 and extending through the thickness of base 16.
To mount base 16 on liner 12 for later removal from the
liner and attachment to packaging, an adhesive 20 is
applied. Adhesive layer 20 is also provided with a hole
or opening 22 conveniently aligned with opening 18 in
base 16.
[0066] Valve 210 has a gas-impervious intermediate
layer or membrane 226, similar to base membrane 16,
which may, as an example, also be of PET or other suit-
able plastic, approximately 0.25 mils to 50 mils in thick-
ness. A hole or opening 228, as illustrated in FIG. 3, is
generally centrally disposed within the perimeter of inter-
mediate membrane 226 and extends entirely through in-
termediate membrane 226. Between intermediate mem-
brane 226 and base membrane 16 are two spaced apart
gas-impervious layers of adhesive 232 of approximately
0.25 mils to 15 mils in thickness. Each adhesive layer
232 is provided with a hole or opening 234. As illustrated
in FIG. 4, openings 18, 22, 28, 228 and 234 are circular
and conveniently generally aligned with each other.
[0067] A filter membrane 240, which may be coexten-
sive with base 16, intermediate membrane 226, and ad-
hesive layers 232, is mounted between base 16 and in-
termediate membrane 226, more particularly between
adhesive layers 232. In one variation, filter 240, may be
made of a material such as polyethylene, polyester, or
polypropylene, provided with a plurality of laser drilled or
punched holes 242, in the area of openings 234, 228,
28, 18 and 22, of a number and size appropriate for the
packaging application in regards to gas flow and the re-
striction of particulates.
[0068] In another variation, filter membrane 240 may,
without holes 242, be impervious to liquid while allowing
the escape of unwanted gases from the packaging. Such
a filter material could be an expanded polytetrafluoroeth-
ylene (ePTFE), liquid proof breathable fabric, or some
other hydrophobic or oleophobic material that prevents
the passage of an undesirable liquid out of or into the
package 11, and accordingly prevents disrupting proper
functioning of pressure relief valve 210.
[0069] Cooperating with intermediate membrane 226
to close and, alternatively, open valve 210 is flexible seal
318. Flexible seal 318 of valve 210 includes layer 26,
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membrane 36 with layer 32, adhesive layer 40, and cover
44. As with valves 10, 110, flexible seal 318, except layer
26, flexes responsive to an increase in differential gas
pressure to permit gas to flow out from valve 210 and
flexes back to its original position to close valve 210 when
the differential pressure decreases.
[0070] Positioned atop intermediate membrane 226,
around opening 228, is layer 26 of adhesive-like material
with hole or opening 28 extending through adhesive-like
material layer 26 as described in connection with pres-
sure relief valves 10 and 110. On top of the layer of ad-
hesive-like material layer 26 is a membrane 36 with a
release film layer 32 as described in connection with pres-
sure relief valves 10 and 110. Membrane 36 may be
made of PET or other plastic material. An example of a
silicone material which may be implemented as a release
film layer 32 is polydimethysiloxane. The release coated
membrane 36 covers openings 28, 228, 234, 18, and 22
by virtue of the surface attraction between release film
layer 32 and adhesive-like material layer 26. As in valve
10 and as illustrated in FIG. 4, each of layers 26, 32 and
36, extends generally along the length (L) of valve 110,
but is narrower than the width (W) of valve 210, and the
release coated membrane 36 and adhesive-like material
layer 26 are preferably narrower than intermediate layer
226.
[0071] Over the top of release coated membrane 36
and the side edges of the top surface of intermediate
membrane 226 is a pressure sensitive adhesive layer 40
which secures PET, or other plastic, cover membrane
44, with shoulders 48, covering pressure sensitive adhe-
sive layer 40. Openings 18, 22, 28, 228, and 234 are
described and illustrated in this embodiment as circular.
However, they may have a different configuration, such
as an oval configuration.
[0072] Pressure relief valve 210 is similar in operation
to pressure relief valve 10, with the additional function of
blocking the passage of particulates or liquid, depending
on the material of filter membrane 240. As with valve 10
and valve 110, an increase in differential pressure within
package 11 causes flexible seal 318 to move separating
membrane 36 from adhesive-like layer 26 on intermedi-
ate membrane 226. Separation of membrane 36 from
adhesive-like layer 26 opens valve 210 allowing gas to
flow through gas flow path 21 in the direction of the indi-
cating arrows and out of valve 210. Pressure relief valve
210 is also similar in operation to pressure relief valve
110, particularly with respect to obstruction of particu-
lates by filter membrane 240.
[0073] Reference will now be made to FIGS. 5-14
which show further embodiments of one-way pressure
relief valves having an integrated filter 310, 410. Pressure
relief valve 310 illustrated in FIG. 5 is an oil-less valve
which does not require use of a wetting agent, such as
a silicone or graphite impregnated oil, to facilitate com-
plete closure of pressure relief valve 310. Pressure relief
valve 410 illustrated in FIGS. 9-14 preferably utilizes a
wetting agent to wet the relevant valve surfaces to facil-

itate full closure of pressure relief valve 410.
[0074] As discussed in more detail below, pressure re-
lief valves 310, 410 are implemented such that the inte-
grated filter both: (1) provides a supporting base and
package-attachment point for pressure relief valve 310,
410; and (2) provides part of the valve structure regulating
one-way gas flow through pressure relief valves 310,
410. An important advantage of such structure is that
pressure relief valves 310, 410 can be made more com-
pact and can be provided with a lower profile than valves
not including the novel configuration. This is of great im-
portance in packaging applications which demand that
the pressure relief valves 310, 410 be inconspicuous and
not detract from, or interfere with, the design elements
of the package 11. Moreover, pressure relief valve em-
bodiments 310, 410 illustrate that the principles de-
scribed herein can be applied to both oil-less and wetted
valves providing the manufacturer with a range of product
options to better meet the needs of the customer.
[0075] Pressure relief valves 310, 410 share many of
the same components with pressure relief valves 10, 110,
and 210. For simplicity and brevity, like reference num-
bers are used to identify like components throughout the
figures and in the text description of the different embod-
iments.
[0076] Referring again to FIG. 5, the oil-less pressure
relief valve 310 illustrated therein includes an integrated
particulate filter component comprising a base filter layer
316 in combination with a flexible seal 318. Together,
base filter layer 316 and flexible seal 318 regulate one-
way gas flow through pressure relief valve 310. Filter
layer 316 is a type of base layer because, in this embod-
iment, filter layer 316 provides a platform on which pres-
sure relief valve 310 is constructed and is attached di-
rectly to package 11.
[0077] Referring further to FIG. 5, filter layer 316 in-
cludes a periphery 320, a first side 322, and a second
side 324. Relative to parts comprising pressure relief
valve 310, first side 322 can be considered an inner side
while second side 324 can be considered an outer side.
First and second sides 322, 324 define a body 326 be-
tween sides 322, 324. In the example, filter layer 316 is
generally flat, or planar, and may be made of a strip-type
material. Representative materials suitable for use in
manufacture of filter layer 316 can include polyethylene,
polypropylene, PET, or other suitable plastic material.
Filter layer 316 preferably has a thickness in the range
of about 0.25 mils to 50 mils depending on the application.
[0078] In certain "green" applications in which environ-
mentally-friendly materials are required, it may be desir-
able for pressure relief valve 310 to be constructed of
biodegradable materials, that is materials which will de-
compose when in a landfill. Where biodegradability is
desired, filter layer 316 and other components (e.g., cov-
er membrane 44 and membrane 36) of pressure relief
valve 310 may be made of polylactic acid, cellulose ac-
etate, or other compostable materials.
[0079] Referring to FIGS. 5, 6, and 6A, exemplary filter
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layer 316 includes a filter element 328. Filter element 328
provides passage of gas through body 326. While filter
element 328 permits gas to pass through body 326, it
also obstructs small particulate matter within package 11
from passing through body 326. Exemplary filter layer
316 defines aperture 330 and barrier 332 portions. In the
example, barrier portions 332 are all parts of filter layer
316 which are not aperture portions 330. Barrier portions
332 are preferably continuous, gas-impermeable por-
tions of filter layer 316 second side 324 which serve as
a barrier to movement of any substance through body
326.
[0080] Referring to FIGS. 6 and 6A, aperture portions
330 of filter layer 316 are preferably openings entirely
through filter layer 316 body 326 which provide for the
passage of gas completely through body 326. Aperture
portions 330 preferably consist of plural small openings.
To avoid obscuring the drawings, just several of such
small openings are indicated by reference number 330
in FIG. 6A. Aperture portions 330 may comprise a plu-
rality of laser drilled or punched holes of a number and
size appropriate for the packaging application given re-
quirements for gas flow and particulate filtering. In the
embodiment, filter element 328 acts as a type of "sieve"
which selectively permits gas movement through body
326, yet blocks passage of small particulate matter, keep-
ing that particulate matter along second side 324 of filter
layer 316 and out of pressure relief valve 310.
[0081] Preferably, aperture portions 330 of filter ele-
ment have a mesh size of between about 30 to about
200 mesh. As is known, a 30 mesh size will block particles
having a particle size greater than about 595 mm while
a 200 mesh size will block particles having a particle size
greater than about 74 mm. As illustrated in FIGS. 5, 6,
and 6A, aperture portions 330 may be of a generally
round shape when viewed directly above or below such
as in these fig ures. By way of example only, round-type
apertures 330 that could be used in a pressure relief valve
310 suitable for use on a ground coffee package 11 could
have a diameter of about 0.010 inch, or approximately
No. 50 mesh. As is also known, No. 50 mesh will block
particles greater than about 297 mm, which is a size typ-
ical of small particulate matter found in a ground coffee
package 11.
[0082] As illustrated in FIGS. 7, 7A, 8, and 8A, many
variations of filter layer 316 are envisioned within the
scope of the invention. For example, aperture portions
330 defined by filter element 316 could include small
openings having a shape when viewed directly above or
below (i.e., a plan view) consisting of chevrons 330a in
filter element embodiment 316a (FIGS. 7-7A), or x-
shaped slits 330b in filter element embodiment 316b
(FIGS. 8-8A). Aperture portions 330 could have other
shapes such as rectangles. Combinations of all of these
aperture portion 330 shapes could be utilized.
[0083] As illustrated in FIGS. 5-8A, aperture portions
330, 330a, 330b defined by filter element 328 may be
grouped and arranged in one or more cluster 333. Or-

ganization of aperture portions 330 into a cluster 333 is
useful to position aperture portions 330 over vent 19 to
maximize volumetric gas flow out through vent 19 and
pressure relief valve 310 to the environment. Cluster 333
may have a width dimension (W) and a length dimension
(L) in the width and length dimensions illustrated in FIGS.
5 and 10. In the examples of FIGS. 5-8A, cluster 333
width dimension (W) is approximately the same as the
cluster length dimension (L) which provides a compact
path for gas flow through filter layer 316.
[0084] The sizing of aperture portions 330 and/or the
amount and location of clusters 333 can be modified to
increase or decrease gas flow through pressure relief
valve 310 as desired for a given application.
[0085] In a further embodiment, filter layer 316 could
be a liquid-impervious membrane. Such a filter layer 316
embodiment could be impervious to liquid while allowing
passage of gas therethrough. Aperture portions 330
might, or might not, be present in such a filter layer 316.
Material used to construct such a liquid-impervious filter
layer 316 could include those described above in con-
nection with filter layer 240 of pressure relief valve 240
(FIG. 4).
[0086] Referring again to FIG. 5, adhesive layer 20 is
provided on filter layer 316 second side 324 to both re-
movably mount filter layer 316 on release liner 12 and to
permanently attach filter layer 316 and pressure relief
valve 310 to a package 11. In the example, adhesive
layer 20 may be approximately 0.25 mils to 15 mils in
thickness. Adhesive layer 20 should be impervious to
gas flow to prevent gas leakage between filter layer 316
and exterior surface 17 of package 11. Suitable adhe-
sives for adhesive layer 20 may include pressure-sensi-
tive and heat-activated adhesives. Rubber-based, sili-
cone, and acrylic adhesives may be utilized in adhesive
layer 20.
[0087] Referring further to FIG. 5, adhesive layer 20 is
provided with an opening 22 to space adhesive layer 20
from aperture portions 330 of filter element 328. Spacing
of adhesive layer 20 from aperture portions 330 can pre-
vent obstruction of aperture portions 330 which may be
desirable in some applications.
[0088] In other embodiments such as described below
in connection with FIG. 10, adhesive layer 20 could be
deposited entirely across filter layer 316 second side 324
and aperture portions 330 could be formed simultane-
ously with apertures 22a in adhesive layer 20. In such
an embodiment, laser drilling or punching of many aper-
ture portions 330 in filter layer 316 would simultaneously
form many corresponding apertures 22a through adhe-
sive layer 20 aligned with aperture portions 330 as illus-
trated for pressure relief valve 410 in FIG. 10. Gas would
pass through apertures 22a and aperture portions 330
as such gas flows through pressure relief valve 310. Such
an adhesive layer 20 with apertures 22a proximate ap-
erture portions 330 could serve to trap particulates ad-
hered to the adhesive layer 20 preventing such particu-
lates from reaching filter element 328.
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[0089] Referring again to FIG. 5, as with pressure relief
valves 10, 110, and 210, the components comprising
flexible seal 318 provide a type of "gate" or "closure" en-
abling pressure relief valves 10, 110, 210, and 310 to be
placed in a closed state and, alternatively, in an open
state. In the closed state, flexible seal 318 is in a first
position and pressure relief valves 10, 110, 210, and 310
are sealed blocking entry of air into pressure relief valve
10, 110, 210, and 310 and package 11. In the open state,
flexible seal 318 is in a further position in which pressure
relief valves 10, 110, 210, and 310 permit one-way gas
flow from package 11, through pressure relief valve 10,
110, 210, and 310 along gas flow path 21 and out to the
environment. FIGS. 11-14 illustrate the closed (FIG. 11)
and open (FIGS. 12-14) states of pressure relief valve
410 which are generally representative of the operation
of exemplary pressure relief valves 10, 110, 210, and
310.
[0090] As with pressure relief valves 10, 110, and 210,
pressure relief valve 310 opens and closes based on
pressure differential between pressure inside package
11 and pressure outside package 11. Pressure relief
valve 310 may be designed to open with any desired
target pressure differential. By way of example only, pres-
sure relief valve may be designed to have target opening
pressure when the pressure inside package 11 exceeds
pressure external to package 11 by less than about 0.4
psig. Pressure relief valve 310 may be designed to close
when pressure inside package 11 exceeds pressure out-
side package 11 by 0.008 psig or less. Other target open-
ing and closing pressures may be utilized and the fore-
going are merely non-restrictive examples.
[0091] As illustrated in FIG. 5, flexible seal 318 com-
prises adhesive-like material layer 26, membrane 36 with
release film layer 32 applied thereto, cover membrane
44 and an adhesive layer 40 joining flexible cover mem-
brane 44, or layer, to membrane 36 and selectively joining
cover membrane 44 shoulders 48 (i.e., outer regions of
cover membrane 44 in the example) to attachment re-
gions 334, 336 of filter layer 316. As used herein, "selec-
tive joining" means or refers to joining of cover membrane
44 only to attachment regions 334, 336 of filter layer 316
and not to filter layer 316 between attachment regions
334, 336. Because cover membrane 44 is unjoined to
filter layer 316 between attachment regions 334, 336,
cover membrane 44 is permitted to flex and move away
from filter layer 316 (e.g., see FIG. 12) along the unjoined
regions when in the open state to permit gas flow out of
pressure relief valve. Accordingly, cover membrane 44
of the example is a type of flexible cover membrane 44.
[0092] Gas flow pathway 21 indicated by the arrows in
FIG. 5 extends through aperture portions 330 and is
bounded by release coated membrane 36 (adhered to
cover membrane 44 by adhesive 40 in the example), filter
layer 316, and shoulders 48 of cover membrane 44 se-
lectively joined to filter membrane 316 by adhesive 40
along attachment regions 334, 336. Gas flow pathway
21 permits gas to move through pressure relief valve 310.

[0093] Referring once again to FIG. 5, positioned atop
filter layer 316 and across filter element 328, is a gas-
impervious layer 26 of an adhesive-like material of the
same type described in connection with pressure relief
valves 10, 110, and 210. Such adhesive-like material lay-
er 26 is generally referred to as no tack, ultra low tack,
cling film, self wetting, removable adhesive, or cohesive
substrate.
[0094] Adhesive-like material layer 26 preferably has
a thickness of approximately 0.25 mils to 15 mils. Adhe-
sive-like material layer 26 may further include an opening
28 extending around filter element 328 and aligned with
filter element 328 and aperture openings 330 and open-
ing 22.
[0095] In the example, gas-impervious membrane 36,
made of PET or other plastic material, is coated with a
gas-impervious silicone, or other dry release film layer
32. An 10 example of a silicone material which may be
implemented as a release film layer 32 is polydimethysi-
loxane. Membrane 36 preferably has a thickness of ap-
proximately 0.25 mils to 15 mils. Membrane 36 covers
opening 28 in adhesive-like material layer 26 and covers
filter element 328 with release film layer 32 in contact
with adhesive-like material layer 26 creating a surface
attraction between film layer 32 and adhesive-like mate-
rial layer 26 and seating membrane tightly against adhe-
sive-like material layer 26 blocking gas movement
through filter element 328. While release film layer 32
and adhesive-like material layer 26 are seated tightly
against one another to close pressure relief valve 310,
they are not joined because they are separable from one
another when differential pressure within package 11 ex-
ceeds the target pressure and flexible seal 318, except
adhesive-like material layer 26, is moved to the further
position to open pressure relief valve 310.
[0096] Adhesive-like material layer 26 preferably com-
prises a material with an affinity for release film layer 32.
By way of example only, the affinity of adhesive-like ma-
terial layer 26 for release film layer 32 can be described
in quantitative terms as a bond strength in the range of
0.25 grams/inch to 10 grams/inch when measured with
a tensile tester in accordance with ASTM F-88. With the
appropriate selection of materials and inherent surface
energies of adhesive-like material 26 and release film
layer 32, the ability to form seals of controlled bond
strength is established. The affinity of adhesive-like ma-
terial layer 26 for release film layer 32 provides a means
for keeping membrane 36 in place against filter element
328, and achieving a gas-tight seal that enables valve
310 to function as a one-way pressure relief valve.
[0097] As is illustrated in FIG. 5, each of layers 26, 32
and 36, extends generally across the length (L) of pres-
sure relief valve 310, but is generally narrower than the
width (W) of pressure relief valve 310; membrane 36 and
adhesive-like material layer 26 are located between
shoulders 48 in the example which prevents cover mem-
brane 44 between shoulders 48 from being joined to filter
layer 316 by adhesive 40. This, in turn, permits cover
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membrane 44 to flex to open pressure relief valve 310.
[0098] Over membrane 36 and attachment regions
334, 336 of filter layer 316 first side 322 is a gas-imper-
vious pressure sensitive adhesive layer 40 which may
be approximately 0.25 mils to 15 mils in thickness. Ad-
hesive layer 40 may be of the same adhesive used for
adhesive layer 20.
[0099] Cover membrane 44 is selectively joined to at-
tachment regions 334, 336 of filter layer 316 by adhesive
layer 40 as previously described. Cover membrane 44
may be selectively joined to filter layer 316 by means
other than adhesive layer 40. For example, cover mem-
brane 44 could be selectively joined to filter layer 316 by
means of sonic welding. Cover membrane 44 may be of
gas-impervious PET or other flexible plastic material.
Cover membrane 44 may have a thickness of approxi-
mately 0.25 mils to 50 mils.
[0100] Adhesive-like material layer 26 and release film
layer 32 may have the same length and width dimen-
sions. As with the other valve embodiments, release film
layer 32 could be sized to result in a lower target opening
pressure and a more rapid closure of valve 10 by making
release layer 32 narrower than layer of adhesive-like ma-
terial 26. Such sizing would reduce the surface area of
adhesive-like material layer 26 and release film layer 32
in contact, thereby reducing the energy required to sep-
arate the adhesive-like material and release film layers
26, 32 allowing pressure relief valve 310 to open at a
lower pressure.
[0101] FIG. 5 shows that openings 22 and 28 are cir-
cular. However, openings 22 and 28 may have a different
configuration, such as an oval configuration. The geom-
etry of openings 22 and 28 has a direct correlation to
targeted opening pressure. The larger the area of each
opening 22 and 28, the lower the target pressure required
to place pressure relief valve 310 in the open state.
[0102] In operation, pressure relief valve 310 is initially
in a closed state similar to that shown in FIG. 11 for pres-
sure relief valve 410. Release film 32 coated membrane
36 is seated against adhesive-like material layer 26 and
is held in place preferably by surface affinity between the
materials comprising release film 32 coated membrane
36 and adhesive-like material layer 26. No wetting agent
is required to form a complete gas-impervious seal be-
tween membrane 36 and adhesive-like material layer 26
because the surface affinity is sufficient to keep pressure
relief valve in a closed state. Membrane 36 blocks move-
ment of gas through filter element 328 preventing gas
inside package 11 from escaping to the atmosphere and
preventing air from entering package 11 preserving the
freshness of material 13 inside package 11.
[0103] When pressure inside package 11 exceeds the
target pressure required to open pressure relief valve
310, cover membrane 44 and membrane 36 of flexible
seal 318 secured to cover membrane 44 by adhesive
layer 40 both flex outwardly together under the force of
the target opening pressure similar to that illustrated in
FIGS. 12-14 for pressure relief valve 410.

[0104] Flexure of cover membrane 44 and membrane
36 spaces membrane 36 from adhesive-like material lay-
er 26. Flexure of cover membrane 44 loads cover mem-
brane 44 much as a spring is loaded. Flexure of cover
membrane 44 opens gas flow path 21 indicated by the
arrows in FIG. 5 thereby allowing gas to escape from
package 11 and placing pressure relief valve 310 in the
open state.
[0105] The pressure differential required to open pres-
sure relief valve 310 may be created by various means
including by off gassing of coffee within package 11 or
by force applied externally against package 11. For ex-
ample, packages containing a product such as grout or
fertilizer can be pressed by adjacent packages when
loaded on a pallet or when stored. If a pressure relief
valve 310 were incorporated into the package, the force
applied would generate a differential pressure within the
package causing gas inside the package to exit pressure
relief valve 310 advantageously reducing the volumetric
size of the package making it easier and more efficient
to store or transport the package.
[0106] When the differential pressure is decreased be-
low the target pressure, cover membrane 44 of flexible
seal 318 applies a force as it is unloaded and returns to
its original position. The force causes membrane 36 to
be re-seated on adhesive-like material 26 closing filter
element 328 and returning pressure relief valve 310 to
the closed state. The process of opening pressure relief
valve 310 is repeated when differential pressure inside
package 11 again exceeds the target opening pressure.
[0107] Operation of pressure relief valve 310 is en-
hanced by integrated filter layer 316. Filter layer 316 and
filter element 328 advantageously block small particulate
matter within package 11 from entering pressure relief
valve 310 and becoming lodged between membrane 36
and adhesive-like material layer 26. Any such lodgment
of particulate matter could create unwanted passage-
ways between membrane 36 and adhesive-like material
layer 26 which could allow air to enter package 11 through
pressure relief valve 310. Filter element 328, therefore,
ensures complete closure of pressure relief valve 310
when in the closed state preventing infiltration of air into
package 11 potentially spoiling the contents of package
11.
[0108] Integration of filter element 328 with filter layer
316 and exemplary selective joinder of cover membrane
44 to filter layer 316 provides an opportunity to construct
a more compact and low profile pressure relief valve 310.
A more compact and low profile pressure relief valve pro-
vides opportunities for the pressure relief valve 310 to be
more inconspicuous when affixed to package 11. This is
particularly important when affixing pressure relief valve
to an exterior surface 17 of package 11.
[0109] Referring now to FIGS. 9-14, pressure relief
valve 410 illustrated therein preferably utilizes a wetting
agent 338 to wet surfaces of filter layer 316 and flexible
seal 318 to facilitate full closure of pressure relief valve
410. As with pressure relief valve 310, pressure relief
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valve 410 advantageously can be constructed to be com-
pact and to have an extremely low profile. These advan-
tages are possible because, in the example, integrated
filter layer 316 provides for both attachment to a package
11 and provides support for pressure relief valve 410,
thereby eliminating any requirement that pressure relief
valve 410 include additional layers of material.
[0110] Referring to FIGS. 10-12, pressure relief valve
410 illustrated therein includes a base filter layer 316 in
combination with a flexible seal 318. As with pressure
relief valve 310 (and valves 10, 110, and 210), filter layer
316 and flexible seal 318 regulate one-way gas flow
through pressure relief valve 410. Filter layer 316 pro-
vides a platform on which pressure relief valve 310 is
constructed and is attached directly to package 11 by
adhesive layer 20.
[0111] Referring further to FIGS. 10-12, filter layer 316
includes a periphery 320, first and second sides 322, 324
and a body 326 between sides 322, 324. Filter layer 316
is generally flat, or planar, and may be made of polyeth-
ylene, polypropylene, PET, biodegradable polylactic acid
and cellulose acetate, or any other suitable material or
materials. Filter layer 316 preferably has a thickness in
the range of about 0.25 mils to 50 mils depending on the
application.
[0112] Exemplary filter layer 316 includes a filter ele-
ment 328 with aperture and barrier portions 330, 332 to
provide passage of gas entirely through body 326
through aperture portions 330 while barrier portions 332
obstruct small particulate matter and other objects within
package 11 from passing through body 326 and interfer-
ing with pressure relief valve 410 operation as described
in connection with pressure relief valve 310 and the de-
scription of filter layer 316 of pressure relief valve 310 is
incorporated herein by reference with respect to pressure
relief valve 410. Barrier portions 332 are preferably con-
tinuous, gas-impermeable portions of filter layer 316 sec-
ond side 324 which serve as a barrier to movement of
any substance through body 326.
[0113] Aperture portions 330 of filter element 328 pref-
erably consist of plural small openings which may be
formed in filter layer 316 by laser drilling, punching, or
any suitable method and may be sized and arranged
based on gas flow and particulate filtering requirements.
As with pressure relief valve 310, filter element 328 acts
like a type of "sieve" which can have a mesh size of be-
tween about 30 to about 200 mesh. Aperture portions
330 may have the same shapes and sizes and may be
arranged in one or more cluster 333 as described in con-
nection with pressure relief valve 310 and as illustrated
in FIGS. 6, 6A, 7, 7A, 8, and 8A and the description of
such aperture portions 330 and clusters 333 is incorpo-
rated herein by reference with respect to pressure relief
valve 410. The sizing of aperture portions 330 and/or the
amount and location of clusters 333 can be modified to
increase or decrease gas flow through pressure relief
valve 410 as desired for a given application.
[0114] Also as described in connection with pressure

relief valve 310, filter layer 316 could be a liquid-imper-
vious membrane impervious to liquid while allowing pas-
sage of gas therethrough.
[0115] Referring again to FIGS. 10-12, adhesive layer
20 is provided on filter layer 316 second side 324 to re-
movably mount filter layer 316 on release liner 12 and
permanently attach filter layer 316 and pressure relief
valve 310 to a package 11. In the example, adhesive
layer 20 may be approximately 0.25 mils to 15 mils in
thickness. Adhesive layer 20 should be impervious to
gas flow to prevent gas leakage between filter layer 316
and exterior surface 17 of package 11. Suitable adhe-
sives for adhesive layer 20 may include pressure-sensi-
tive and heat-activated adhesives. Rubber-based, sili-
cone, and acrylic adhesives may be utilized in adhesive
layer 20.
[0116] Referring further to FIGS. 10-12, adhesive layer
20 could be deposited entirely across filter layer 316 sec-
ond side 324 and aperture portions 330 could be formed
simultaneously with apertures 22a in adhesive layer 20
as aperture portions 330 are formed by laser drilling,
punching or by other appropriate means. Such an adhe-
sive layer 20 proximate aperture portions 330 could serve
to trap particulates adhered thereto, for example within
apertures 22a, preventing such particulates from reach-
ing filter element 328.
[0117] Referring now to FIGS. 10-14, the components
comprising flexible seal 318 of pressure relief valve 410
provide a type of "gate" or "closure" enabling pressure
relief valves 410 to be placed in a closed state and, al-
ternatively, in an open state as described in connection
with pressure relief valves 10, 110, 210, and 310. In the
closed state, flexible seal 318 is in a first position and
pressure relief valve 410 is sealed blocking entry of air
into pressure relief valve 410 and package 11. In the
open state, flexible seal 318 is in a further position in
which pressure relief valve 410 permits one-way gas flow
from package 11, through gas flow path 21 and out to
the environment. FIGS. 11-14 illustrate the closed (FIG.
11) and open (FIGS. 12-14) states of pressure relief valve
410.
[0118] Pressure relief valve 410 opens and closes
based on pressure differential between pressure inside
package 11 and pressure outside package 11. Pressure
relief valve 410 may be designed to open with any desired
target pressure differential. An opening target pressure
differential may be less than about 0.4 psig greater pres-
sure inside package 11 than outside package 11 while
pressure relief valve 410 may be designed to close when
pressure inside package 11 exceeds pressure outside
package 11 by 0.008 psig or less. As with pressure relief
valves 10, 110, 210, and 310, other target opening and
closing pressures may be utilized and the foregoing are
merely non-restrictive examples.
[0119] Referring to the exploded view of FIG. 10, flex-
ible seal 318 has a structure which can be wetted with a
wetting fluid 338 to obtain optimal adhesion between
strap, or closure 340, and filter layer 316. In the example,
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flexible seal 318 includes closure 340 (also referred to in
industry as a "dry strap" or simply "strap"), flexible cover
membrane 44, and an adhesive layer 40 joining cover
membrane 44, or layer, to closure 340 and selectively
joining cover membrane 44 shoulders 48 (outer regions
of cover membrane 44 in the example) to attachment
regions 334, 336 of filter layer 316. As previously de-
scribed, "selective joining" means or refers to joining of
cover membrane 44 only to attachment regions 334, 336
of filter layer 316 and not to filter layer 316 between at-
tachment regions 334, 336. Because cover membrane
44 is unjoined to filter layer 316 where closure 340 is
secured to cover membrane 44 between attachment re-
gions 334, 336, cover membrane 44 is permitted to flex
and move away from filter layer 316 as illustrated in FIGS.
12-14 along the unjoined regions when in the open state
to permit gas flow out of pressure relief valve. When the
unjoined portion of cover membrane 44 moves away from
filter layer 316, closure 340 also moves at least partially
away from filter layer 316. Accordingly, cover membrane
44 of the example is a type of flexible cover membrane
44, or layer.
[0120] In the examples, gas flow pathway 21 is bound-
ed by closure 340 (adhered to cover membrane 44 by
adhesive 40 in the example), filter layer 316, and shoul-
ders 48 of cover membrane 44 selectively joined to filter
membrane 316 by adhesive 40 along attachment regions
334, 336. Exemplary gas flow pathway 21 permits gas
to move through pressure relief valve 310 as described
herein.
[0121] As is illustrated in FIG. 10, closure 340 extends
generally across the length (L) of pressure relief valve
410, but is generally narrower than the width (W) of pres-
sure relief valve 410; closure 340 is located between
shoulders 48 in the example which prevents cover mem-
brane 44 between shoulders 48 from being adhered to
filter layer 316 by adhesive 40. This, in turn, permits cover
membrane 44 to flex to open pressure relief valve.
[0122] Closure 340 is secured to cover membrane 44
by adhesive layer 40. Closure 340 prevents adhesive 40
from contacting filter layer 316 where it is unjoined with
cover membrane between attachment regions 334 and
336. Adhesive layer 40 joins cover membrane 44 to filter
layer 316 attachment regions 334, 336. Adhesive layer
40 is a gas-impervious pressure sensitive adhesive layer
40 which may be approximately 0.25 mils to 15 mils in
thickness. Adhesive layer 40 may be of the same adhe-
sive used for adhesive layer 20.
[0123] Cover membrane 44 may be selectively joined
to filter layer 316 by means other than adhesive layer 40.
For example, cover membrane 44 could be selectively
joined to filter layer 316 by means of sonic welding. Cover
membrane 44 may be of gas-impervious PET or other
flexible plastic material. Cover membrane 44 may have
a thickness of approximately 0.25 mils to 50 mils.
[0124] Referring to FIGS. 10-14, optional rails 342, 344
may be joined to cover membrane 44 by an adhesive
346. If provided, rails 342, 344 are useful to provide sep-

aration between the unjoined portion of cover membrane
44 and any adjacent object so that pressure relief valve
410 can freely move away from filter layer 316 to function
properly. Adhesive 346 may be of the same material as
adhesives 20 and 40.
[0125] In operation, pressure relief valve 410 is initially
in a closed state. Closure 340 is seated against filter layer
316 across aperture and barrier portions 330, 332 closing
aperture portions 330 and preventing gas flow there-
through preserving the freshness of material 13 inside
package 11.
[0126] Wetting agent 338 is preferably provided be-
tween filter layer 316 and closure 340. Wetting agent 338
may, for example, comprise a silicone or graphite im-
pregnated lubricating oil. Wetting agent 338 may be
sprayed, or preferably atomized, into aperture portions
330 during manufacture or during application to package
11. Wetting agent 338 improves surface adhesion be-
tween filter layer 316 first side 322 and closure 340 im-
proving formation of a gas-tight seal when pressure relief
valve 410 is in the closed state.
[0127] Referring to FIGS. 12-14, when pressure inside
package 11 exceeds the target pressure required to open
pressure relief valve 410, cover membrane 44 and clo-
sure 340 secured to cover membrane 44 by adhesive
layer 40 both flex outwardly together under the force of
the target opening pressure.
[0128] Referring further to FIGS. 12-14, flexure of cov-
er membrane 44 and closure 340 spaces membrane clo-
sure 340 from filter layer 316 and filter element 328. Flex-
ure of cover membrane 44 loads cover membrane 44
much as a spring is loaded. Flexure of cover membrane
44 opens gas flow path 21 indicated by arrows 21 thereby
allowing gas to escape from package 11 and placing
pressure relief valve 410 in the open state.
[0129] As described in connection with pressure relief
valve 310, the pressure differential required to open pres-
sure relief valve 410 may be created by various means
including by off gassing of coffee or other material 13
within package 11 or by force applied externally against
package 11. Pressure relief valve 410 provides for one-
way outflow of gas from package 11 to evacuate such
gas or reduce the volumetric size of the package 11 to
facilitate storage or transportation of the package.
[0130] When the differential pressure is decreased be-
low the target pressure, cover membrane 44 of flexible
seal 318 applies a force as it is unloaded and returns to
its original position. The force causes closure 340 to be
re-seated on filter layer over filter element and aperture
and barrier portions 330, 332 returning pressure relief
valve 410 to the closed state. The process of opening
pressure relief valve 410 is repeated when differential
pressure inside package 11 again exceeds the target
opening pressure.
[0131] As with pressure relief valve 310, and pressure
relief valves 110 and 210, operation of pressure relief
valve 410 is enhanced by integrated filter layer 316. Filter
layer 316 and filter element 328 advantageously block
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small particulate matter 13 within package 11 from en-
tering pressure relief valve 410 and becoming lodged
between filter layer 316 and closure 340. Any such lodg-
ment of particulate matter 13 could create unwanted pas-
sageways between filter layer 316 and closure 340 which
could allow air to enter package 11 through pressure re-
lief valve 410. Filter element 316, therefore, ensures
complete closure of pressure relief valve 410 when in the
closed state preventing infiltration of air into package 11
potentially spoiling the contents of package 11.
[0132] Integration of filter element 328 with filter layer
316 and exemplary selective joinder of flexible seal 318
to filter layer 316 provides an opportunity to construct a
more compact pressure relief valve 410. A more compact
pressure relief valve 410 provides opportunities for the
pressure relief valve 410 to be more inconspicuous when
affixed to package 11 which can be very desirable in
many packaging applications.
[0133] The drawings show pressure relief valves of
particular configurations, and particular materials have
been described for purposes of illustration. This invention
is not limited to these or any other particular configura-
tions or materials. For example, the pressure relief valve
of the present invention may be circular or have other
geometric shapes as required by the customer. Pressure
relief valves may have parts of metal foil instead of plastic,
and may optionally include additional structure such as
rails 342, 344 or ribs.
[0134] Solely as an example, the present invention has
been discussed primarily in the context of coffee pack-
aging although it can be readily used for the packing of
other food and non-consumable products. While partic-
ular embodiments of the invention have been shown and
described, other alternatives, variations, and modifica-
tions will occur to those skilled in the art. It is intended in
the appended claims to cover all such alternatives, var-
iations, and modifications that come within the true spirit
and scope of the present invention.

Claims

1. A one-way pressure relief valve (310, 410) for at-
tachment over a vent on an exterior surface of a
closed package (11) containing a gas-producing
product, the pressure relief valve (310, 410) having
a particulate filter (316) and a flexible seal (318),
characterized by

• a filter layer (316) of a strip-type material having
a periphery (320) and first and second sides
(322, 324) defining a body (326) therebetween,
the filter layer (316) having a filter element (328)
in the strip-type material providing passage of
gas through the body (326) and obstruction of
particulate matter;
• adhesive (20) on the filter layer second side
(324) to adhere the pressure relief valve (310,

410) to the exterior surface of the closed pack-
age (11); and
• the flexible seal (318) joined selectively to the
filter layer first side (322) to form a gas flow path
(21) between the flexible seal (318) and the filter
layer first side (322) along an unjoined region of
the flexible seal (318) and filter layer (316) from
the filter element (328) to the filter layer periph-
ery (320), the flexible seal (318) having a first
position in which the unjoined region seals the
filter element (328) to obstruct gas flow through
the body and a further position in which the un-
joined region is spaced at least partially from the
filter layer first side (322) and the filter element
(328) by gas pressure exerted through the filter
element (328) to permit one-way gas outflow
through the gas flow path (21),
whereby the pressure relief valve (310, 410) en-
ables one-way pressurized gas outflow from an
interior of the closed package (11) through the
filter element (328) and the gas flow path (21)
while preventing particulate matter from interfer-
ing with sealing of the filter element (328) once
gas pressure inside the package (11) is de-
creased.

2. The pressure relief valve (310, 410) of claim 1 where-
in the filter element (328) defines aperture and bar-
rier portions (330, 332), the aperture portions (330)
providing for the passage of the gas through the body
(326) and the barrier portions (332) providing for the
obstructing of the particulate matter.

3. The pressure relief valve (310, 410) of claim 2 where-
in the apertures defined by the filter element (328)
are selected from the group consisting of circles,
slits, chevrons, and combinations thereof.

4. The pressure relief valve (310, 410) of claim 2 or 3
wherein the apertures defined by the filter element
(328) are arranged in a cluster.

5. The pressure relief valve (310, 410) of any of claims
2 to 4 wherein the apertures defined by the filter el-
ement (328) are arranged in a cluster and the cluster
has a width dimension and a length dimension.

6. The pressure relief valve (310, 410) of claim 5 where-
in the cluster width dimension is approximately the
same as the cluster length dimension.

7. The pressure relief valve (310, 410) of any of the
preceding claims wherein the filter element (328) has
a mesh size of between about 30 mesh and 200
mesh.

8. The pressure relief valve (310, 410) of any of the
preceding claims further comprising adhesive selec-
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tively joining the flexible seal (318) to the filter layer
(316) to form the gas flow path (21).

9. The pressure relief valve (310, 410) of any of claims
2 to 6 wherein the unjoined region of the flexible seal
(318) is in sealing abutment with the aperture and
barrier portions (330, 332) of the filter element (328)
when in the first position.

10. The pressure relief valve (310, 410) of claim 9 further
comprising a wetting fluid between the unjoined re-
gion of the flexible seal and barrier portions.

11. The pressure relief valve (310, 410) of claim 10
wherein the flexible seal (318) comprises:

• a closure unjoined to the filter element (328)
and overlying the aperture portions (330); and
• a cover layer (44) having a second side holding
the closure against the filter element (328) when
in the first position, the cover layer (44) having
first and second outer regions spaced laterally
apart and facing the first side of the filter layer
(316), the outer regions being joined to the filter
layer (316) with the closure and the gas flow
path (21) therebetween.

12. The pressure relief valve (310, 410) of any of claims
2 to 6 wherein the unjoined region of the flexible seal
(318) comprises:

• a first gas-impervious layer having a surface
attraction atop the filter layer (316) and around
the aperture portions (330);
• a flexible cover over the filter layer; and
• a second gas-impervious layer supported by
the flexible cover covering the aperture portions
of the filter layer in the first position, the second
gas impervious layer having a surface affinity
attracted to the first gas impervious layer to form
a seal therewith blocking passage of gas be-
tween the first and second gas-impervious lay-
ers,
whereby, movement of the flexible seal to the
further position separates the first and second
gas-impervious layers to allow gas to flow along
the gas flow path between the first and second
gas-impervious layers.

13. The pressure relief valve (310, 410) of any of the
preceding claims wherein the adhesive is applied
selectively to the second side and is spaced from
the filter element.

14. The pressure relief valve (310, 410) of any of the
preceding claims wherein the flexible seal has a first
side facing away from the filter element and the pres-
sure relief valve further comprises at least one rail

attached to and extending away from the first side.

15. The pressure relief valve (310, 410) of any of the
preceding claims wherein the filter layer and the flex-
ible seal are of a biodegradable material selected
from the group consisting of polylactic acid, cellulose
acetate, and combinations thereof.
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