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(57) Abstract: A closure comprises a polymeric top wall portion (12), a polymeric annular skirt portion (14), a polymeric continuous
plug seal (16), a top sealing member (18) and a top stop (20). The skirt portion depends from the top wall portion. The skirt portion
includes an internal thread formation for mating engagement with a container finish. The plug seal depends from the top wall portion
and is spaced from an interior surface of the skirt portion. The top sealing member is located between the plug seal and the skirt portion.
The top stop depends from the top wall portion and is located between the plug seal and the skirt portion. The sealing member extends
to and contacts (a) a top surface of the finish of the container, (b) a top portion of the inner radius or inner corner of the finish of the
container, (c) a top portion of the outer radius or outer corner of the finish of the container, or (d) any combination thereof when the
closure and the container are in mating engagement with each other at an atmospheric internal pressure. At higher internal pressures,
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CLOSURE AND PACKAGE THAT VENTS AT HIGH PRESSURE

CROSS-REFERENCE TO RELATED APPLICATION
[0001] This application claims priority to U.S. Patent Application No. 15/805,987, filed

November 7, 2017, which is hereby incorporated by reference herein in its entirety.

FIELD OF THE INVENTION
[0002] The present invention relates generally to a polymeric closure for a package. More
specifically, the present invention relates to a polymeric closure or package that vents at high

pressure.

BACKGROUND OF THE INVENTION

[0003] In one-piece polymeric closures, the primary or strongest seal is made by contacting
with the outside (an exterior surface) and/or lower part of the outer radius of the finish of a
container. Sealing in this location is highly effective at holding internal pressure and
preserving the product within the container. One drawback of such a seal is that as the
internal pressure increases within the package, the closure begins to dome. This doming pulls
the seal geometry radially inward (toward the centerline of the finish opening), which further
increases the contact pressure between the closure and these areas of the finish.

[0004] If the internal pressure builds within the package, this can lead to potentially
undesirable situations. For example, if the package is contaminated and the contents of the
package begin to ferment, rather than allowing a safe release of built-up gases, existing
closures become stronger and allow pressure to build. When pressure builds to threshold
levels, the container may rupture or release from the finish. Both are undesirable situations.
Even if the package does not fail in a static state, the package may fail in a dynamic state.
For example, when the package is put into a dynamic state (e.g., opening), the closure could
still release from the finish due to high internal pressure, which would be undesirable.

[0005] It would be desirable to provide a closure that still provides a strong and desirable
seal in a one-piece closure, while assisting in preventing or inhibiting pressure to build-up in

the package that can lead to potential undesirable conditions.

SUMMARY
[0006] According to one embodiment, a closure comprises a polymeric top wall portion, a

polymeric annular skirt portion, a polymeric continuous plug seal, a top sealing member and



WO 2019/094339 PCT/US2018/059244

atop stop. The polymeric annular skirt portion depends from the polymeric top wall portion.
The annular skirt portion includes an internal thread formation for mating engagement with
an external thread formation in a finish of an associated container. The polymeric annular
skirt portion includes an interior surface and an exterior surface. The polymeric continuous
plug seal depends from the polymeric top wall portion. The continuous plug seal is spaced
from the interior surface of the polymeric annular skirt portion. The top sealing member
depends from the polymeric top wall portion. The top sealing member is located between the
continuous plug seal and the annular skirt portion. The top sealing member is continuous.
The top stop depends from the polymeric top wall portion. The top stop is located between
the continuous plug seal and the annular skirt portion. The top sealing member extends to
and contacts (a) a top surface of the finish of the container, (b) a top portion of the inner
radius or inner corner of the finish of the container, (¢) a top portion of the outer radius or
outer corner of the finish of the container, or (d) any combination thereof when the closure
and the container are in mating engagement with each other at an atmospheric internal
pressure. The top sealing member and the top stop are adapted to be spaced from and located
above (a) the top surface of the finish of the container, (b) the top portion of the inner radius
and inner corner of the finish of the container, and (¢) the top portion of the outer radius and
outer corner of the finish of the container when the closure and the container are in mating
engagement with each other under an internal pressure of at least about 50 psi.

[0007] According to one embodiment, a package comprises a container and a closure. The
container has a finish defining an opening. The container has an external thread formation on
the finish. The closure is configured for fitment to the finish of the container for closing the
opening. The closure comprises a polymeric top wall portion, a polymeric annular skirt
portion, a polymeric continuous plug seal, a top sealing member and a top stop. The
polymeric annular skirt portion depends from the polymeric top wall portion. The annular
skirt portion includes an internal thread formation for mating engagement with the external
thread formation on the finish of the container. The polymeric annular skirt portion includes
an interior surface and an exterior surface. The polymeric continuous plug seal depends from
the polymeric top wall portion. The continuous plug seal is spaced from the interior surface
of the polymeric annular skirt portion. The top sealing member depends from the polymeric
top wall portion. The top sealing member is located between the continuous plug seal and the
annular skirt portion. The top sealing member is continuous. The top stop depends from the
polymeric top wall portion. The top stop is located between the continuous plug seal and the

annular skirt portion. The top sealing member extends to and contacts (a) a top surface of the
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finish of the container, (b) a top portion of the inner radius or inner corner of the finish of the
container, (c) a top portion of the outer radius or outer corner of the finish of the container, or
(d) any combination thereof when the closure and the container are in mating engagement
with each other at an atmospheric internal pressure. The top sealing member and the top stop
are adapted to be spaced from and located above (a) the top surface of the finish of the
container, (b) the top portion of the inner radius and inner corner of the finish of the
container, and (c) the top portion of the outer radius and outer corner of the finish of the
container when the closure and the container are in mating engagement with each other under
an internal pressure of at least about 50 psi.

[0008] According to another embodiment, a closure comprises a polymeric top wall portion,
a polymeric annular skirt portion, a polymeric continuous plug seal, a polymeric tamper-
evident feature, a top sealing member and a top stop. The polymeric annular skirt portion
depends from the polymeric top wall portion. The annular skirt portion includes an internal
thread formation for mating engagement with an external thread formation in a finish of an
associated container. The polymeric annular skirt portion includes an interior surface and an
exterior surface. The polymeric continuous plug seal depends from the polymeric top wall
portion. The continuous plug seal is spaced from the interior surface of the polymeric
annular skirt portion. The polymeric tamper-evident feature is a band. The tamper-evident
feature depends from and is at least partially detachably connected to the polymeric annular
skirt portion by a frangible connection. The top sealing member depends from the polymeric
top wall portion. The top sealing member is located between the continuous plug seal and the
annular skirt portion. The top sealing member is continuous. The top sealing member
extends downwardly from the top wall portion and outwardly towards the polymeric annular
skirt portion. The top stop depends from the polymeric top wall portion. The top stop is
located between the continuous plug seal and the annular skirt portion. The top stop is
located between the top sealing member and the polymeric annular skirt portion. The top
sealing member extends to and contacts (a) a top surface of the finish of the container, (b) a
top portion of the inner radius or inner corner of the finish of the container, (c¢) a top portion
of the outer radius or outer corner of the finish of the container, or (d) any combination
thereof when the closure and the container are in mating engagement with each other at an
atmospheric internal pressure. The top sealing member and the top stop are adapted to be
spaced from and located above (a) the top surface of the finish of the container, (b) the top
portion of the inner radius and inner corner of the finish of the container, and (c) the top

portion of the outer radius and outer corner of the finish of the container when the closure and
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the container are in mating engagement with each other under an internal pressure of at least
about 60 psi.

[0009] The above summary is not intended to represent each embodiment or every aspect of
the present invention. Additional features and benefits of the present invention are apparent

from the detailed description and figures set forth below.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010] Other advantages of the invention will become apparent upon reading the following
detailed description and upon reference to the drawings in which:
[0011] FIG. 1A is a prior art partial cross-sectional view of a package under a lower internal
pressure.
[0012] FIG. 1B is a prior art partial cross-sectional view of a package under a higher internal
pressure.
[0013] FIG. 2A is a perspective top view of a closure according to one embodiment of the
present invention.
[0014] FIG. 2B is a cross-sectional view of the closure of FIG. 2A taken generally along line
2B-2B.
[0015] FIG. 2C is a bottom cross-sectional view of the closure of FIG. 2A.
[0016] FIG. 2D is an enlarged area 2D depicted in FIG. 2B.
[0017] FIG. 3A is a cross-sectional view of the closure of FIG. 2B in threaded connection
with a container according to one embodiment of the invention.
[0018] FIG. 3B is an enlarged area 3B depicted in FIG. 3A.
[0019] FIG. 3C is an enlarged area 3C depicted in FIG. 3A.
[0020] FIG. 3D is an enlarged area 3D depicted in FIG. 3A.
[0021] FIG. 3E is an enlarged area 3E depicted in FIG. 3A.
[0022] FIG. 4A is a partial cross-sectional view of a package according to FIG. 3A under an
atmospheric internal pressure.
[0023] FIG. 4B a partial cross-sectional view of a package according to FIG. 3A under a
higher internal pressure.
[0024] FIG. 4C is an enlarged area 4C depicted in FIG. 4B.
[0025] While the invention is susceptible to various modifications and alternative forms,
specific embodiments thereof have been shown by way of example in the drawings and will
herein be described in detail. It should be understood, however, that it is not intended to limit

the invention to the particular forms disclosed, but on the contrary, the intention is to cover



WO 2019/094339 PCT/US2018/059244

all modifications, equivalents, and alternatives falling within the spirit and scope of the

invention as defined by the appended claims.

DETAILED DESCRIPTION
[0026] FIGS. 2A-2C illustrate a polymeric closure 10 according to one embodiment of the
present invention. The closures are configured to be placed on a container or bottle that
contain product. The product is typically a liquid product, but also may be a solid product or
a combination of a liquid and solid product. The polymeric closure 10 of FIGS. 2A-2C is a
one-piece closure assembly and is a generally cylindrical shape.
[0027] Referring still to FIGS. 2A-2C, a polymeric closure 10 includes a polymeric top wall
portion 12, a polymeric annular skirt portion 14 that depends from the polymeric top wall
portion 12, a polymeric continuous plug seal 16, a top sealing member 18 and a top stop 20.
The top wall portion 12 of FIGS. 1A-1C extends across the entire top of the closure without
any openings in this embodiment.
[0028] The polymeric annular skirt portion 14 of FIGS. 2A-2C and 3A includes an internal
thread formation 30. The polymeric annular skirt portion 14 includes an exterior surface 14a
and an interior surface 14b. The internal thread formation 30 is configured for mating
engagement with a corresponding external thread formation of a neck portion of a container.
The internal thread formation of the closure may include continuous or discontinuous thread
segments, and may include single or multiple leads or threads. Thus, it is contemplated that
different thread formations may be used in the closure. One non-limiting example of an
internal thread formation is a helical thread formation.
[0029] The polymeric continuous plug seal 16 depends from the polymeric top wall portion
12 as shown in FIGS. 2B and 3A. The continuous plug seal 16 works in conjunction with the
finish of the container to form a seal as will be discussed below in conjunction with FIG. 3A.
The continuous plug seal 16 is adapted to form a physical, hermetic seal with the finish
container at lower internal pressures. This can include a slight vacuum when a hot-fill
process is implemented. This can also include an atmospheric internal pressure (1 bar or 14.7
psi). The continuous plug seal 16 of FIG. 2B is spaced from and is not directly connected to
the polymeric annular skirt portion 14. By being disconnected from the annular skirt portion
14, any impact to the exterior surface 14a of the polymeric annular skirt portion 14 will have
less risk of being transferred to the finish of the container, which can potentially disturb the
seal between the continuous plug seal 16 and the finish. Such a disturbance can cause a loss

in product integrity.
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[0030] Referring back to FIGS. 2B-2C, the top sealing member 18 is shown as being
continuous in FIG. 2C and is in the form of a generally circular ring. The top sealing member
18 is spaced from and located between the continuous plug seal 16 and the polymeric annular
skirt portion 14. Thus, the top sealing member 18 does not extend radially in such a manner
to contact the polymeric annular skirt portion 14. By having the top sealing member 18 being
disconnected from the annular skirt portion 14, there is a reduced risk to disturbing the seal
formed by the top sealing member 18 when there is an impact to the exterior surface 14a of
the annular skirt portion 14. This assists in reducing or eliminating a potential sealing
problem that can led to a loss of product integrity.

[0031] The top sealing member 18 depends from the polymeric top wall portion 12. The top
sealing member 18 extends to and contacts (a) a top surface of the finish of the container, (b)
a top portion of the inner radius or inner corner of the finish of the container, (c) a top portion
of the outer radius or outer corner of the finish of the container, or (d) any combination
thereof when the closure and container are in mating engagement with each other under an
atmospheric internal pressure (1 bar or 14.7 psi).

[0032] The top sealing member contacting a top surface of a container finish is shown in, for
example, FIG. 3e. Specifically, FIG. 3e shows the top seal member 18 contacting a top
surface 120a of the finish of a container 108. The finish of the container 108 includes an
inner radius 120b and an outer radius 120c. Instead of inner radius 120a and outer radius
120b shown in FIG. 3e, the finish of the container may have an inner corner and an outer
corner. The top surface and side surface may be generally perpendicular to each other in
forming the inner and outer corners. In another embodiment, the inner and outer corners may
be chamfered. It is contemplated that the top sealing member may contact the top surface of
the inner radius/inner corner and/or the top surface of the outer radius/outer corner of the
container finish. The top sealing member, however, does not contact an outer surface 118a
or an inner surface 118b of the finish of the container at any time to form an outer side seal or
inner side seal.

[0033] The top sealing member 18 may form a physical, hermetic seal with the finish of the
container until a certain pressure occurs. Thus, the top sealing member 18 is strong enough
to secure the contents of the package, but more importantly will not get stronger as internal
pressure builds in the package. At lower internal pressures, the top sealing member 18 works
especially well as a seal when the package is opened and then reclosed by a user.

[0034] The top sealing member 18 generally has a seal contact pressure with the finish of the

container of greater than about 2,500 psi at internal package pressures less than 40 psi. The
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top sealing member 18 more typically has a seal contact pressure with the finish of the
container of greater than about 3,000 psi at internal package pressures less than 25 psi. To
maintain a proper seal between the top sealing member and the container, the seal contact
pressure needs to be above a certain threshold, which depends on the design and materials of
the closure.

[0035] The top sealing member 18 is spaced from and located above (a) a top surface of the
finish of the container, (b) a top portion of the inner radius or inner corner of the finish of the
container, and (c) a top portion of the outer radius or outer corner of the finish of the
container when the closure and container are in mating engagement with each other under an
internal pressure of at least about 50 psi in one embodiment or of at least about 60 psi
according to another embodiment.

[0036] The top sealing member 18 is spaced from and located above (a) a top surface of the
finish of the container, (b) a top portion of the inner radius or inner corner of the finish of the
container, and (c) a top portion of the outer radius or outer corner of the finish of the
container when the closure and container are in mating engagement with each other under an
internal pressure of at least about 70 psi in one embodiment or of at least about 80 psi
according to a further embodiment.

[0037] The top sealing member 18 is spaced from and located above (a) a top surface of the
finish of the container, (b) a top portion of the inner radius or inner corner of the finish of the
container, and (c) a top portion of the outer radius or outer corner of the finish of the
container when the closure and container are in mating engagement with each other under an
internal pressure of at least about 90 psi in another embodiment.

[0038] FIG. 4a depicts a partial cross-sectional view of a package 100 under a lower internal
pressure such as a slight vacuum or atmospheric internal pressure, while FIG. 4B depicts a
partial cross-sectional view of the package 100 under a higher internal pressure such as 70
psi.

[0039] The distance between the top sealing member 18 and the top surface 120b of the
finish of the container is shown in FIG. 4C as distance D1. The distance D1 needs to be a
sufficient distance such that the higher internal pressures do not build-up in the package.
Distance D1 is generally from about 0.0005 to about 0.001 inches at 50 psi. Distance D1 is
generally from about 0.001 to about 0.0015 inches at 70 psi.

[0040] The top sealing member 18 is shown in FIG. 2B as extending downwardly from the
polymeric top wall portion 12 and outwardly towards the polymeric annular skirt portion 14.

It is contemplated that the top sealing member may extend downwardly from the polymeric
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top wall portion and inwardly away from the polymeric annular skirt portion in an
undeformed state (i.e., when the top sealing member is not contacting the finish of the
container under pressure). In this embodiment, the top sealing member will typically hold the
pressure for longer than a top sealing member that extends downwardly and outwardly. It is
also contemplated that the top sealing member may extend downwardly in a generally
perpendicular manner from the polymeric top wall portion 12. These designs can be tailored
to specific applications with certain desired release pressures.

[0041] In one embodiment, the top sealing member extends downwardly from the polymeric
top wall portion 12 and outwardly at an angle B of from about 40 to about 75 degrees when
not contacting the finish of the container as shown in FIG. 2D, which is an undeformed state.
More specifically, the top sealing member extends downwardly from the polymeric top wall
portion 12 and outwardly at an angle 3 of from about 50 to about 60 degrees when not
contacting the finish of the container. In a deformed state (i.e., contacting the finish of the
container), the angle B is generally reduced to about 15 to about 30 degrees.

[0042] The top sealing member 18 is advantageous because as pressure builds inside the
package, the continuous plug seal 16 will not seal with the container. At such pressures, the
top sealing member 18 will initially seal with the container at (a) a top surface of the finish of
the container, (b) a top portion of the inner radius or inner corner of the finish of the
container, (c) a top portion of the outer radius or outer corner of the finish of the container, or
(d) any combination thereof when the closure and the container are in mating engagement
with each other. As the internal pressure increases, doming will exceed the ability of the top
sealing member 18 to stay in contact with (a) a top surface of the finish of the container, (b) a
top portion of the inner radius or inner corner of the finish of the container, and (c) a top
portion of the outer radius or outer corner of the finish of the container. At this point in time,
the top sealing member 18 will be spaced from and located above the finish of the container
and will no longer form a seal.

[0043] Thus, the top sealing member 18 is strong enough to secure the contents of the
package, but more importantly will generally not get stronger as internal pressure builds in
the package. Once a certain internal pressure of the package is met, the top sealing member
18 loses contact and vents pressure, which creates a safe product experience to a user.

[0044] The flexibility of the top sealing member 18 allows it to work over a range of
application angles and desirably allows the top sealing member 18 to initial stay in contact

with the finish of the container as doming initially occurs.
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[0045] The thickness W1 of the top sealing member 18 of FIG. 3C in its undeformed state is
generally from about 20 to about 60 mils and, more specifically, from about 30 to about 50
mils. The length L1 of the top sealing member 18 of FIG. 3C in its undeformed state is
generally from about 15 to about 45 mils and, more specifically, from about 20 to about 35
mils.

[0046] The top stop 20 assists in providing a positive stop when the finish of the container
and the closure are being threaded with each other. Thus, the top stop assists in positioning
the finish of the container when the closure is being threaded onto the finish. By properly
positioning the finish of the container, this assists in avoiding a high removal torque and other
potential capping defects. Thus, the top stop assists in obtaining desirable removal torques.
The top stop 20 also assists in preventing or inhibiting the top sealing member 18 from being
deformed. By inhibiting deformation, the top sealing member 18 can recover to its original
shape more quickly, which will lead to venting more quickly when higher internal pressures
occur. The top stop 20 is typically continuous as shown in FIG. 2C. It is contemplated that
the top stop may be discontinuous in another embodiment.

[0047] The thickness W2 of the top stop 20 of FIG. 3B is generally from about 15 to about
60 mils and, more specifically, from about 25 to about 50 mils. The length L2 of the top stop
20 of FIG. 3B is generally from about 10 to about 30 mils and, more specifically, from about
10 to about 25 mils.

[0048] The closure 10 as shown in FIG. 2A includes a plurality of knurls 36 formed on the
annular skirt portion 14. The plurality of knurls 36 assists the user in gripping the closure
during the opening and closing of the closure from the container. The plurality of knurls 36
also provides additional strength and support to the closure itself. It is contemplated that the
number and shape of the knurls, if used, may be different than depicted in FIG. 2A.

[0049] The closure of the present invention in one embodiment generally has an overall
height H as shown in FIG. 2B of from about 0.4 to about 1 inch. The overall height H of the
closure is typically from about 0.4 to about 0.6 inch and, more specifically, from about 0.5
inch to about 0.55 inch.

[0050] The closure may also include a polymeric tamper-evident feature. For example, the
closure 10 includes a polymeric tamper-evident band 50 (FIGS. 2B and 3A) located at the
bottom thereof (i.e., an end opposite of the polymeric top wall portion 12). The tamper-
evident band 50 depends from and is at least partially detachably connected to the polymeric
annular skirt portion 14 by a frangible connection 52. The tamper-evident band 50 works in

conjunction with the container to indicate to a user that the contents of the container may
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have been accessed. More specifically, the tamper-evident band 50 is designed to separate
from the polymeric annular skirt portion 14 if a user starts to open the package and gain
access to the container.

[0051] The polymeric tamper-evident band may be formed by molded-in-bridges in one
embodiment. The molded-in-bridges are typically formed using a feature in the mold. In
another embodiment, the polymeric tamper-evident band may be formed using scoring or
scored lines, notches, leaders, or other lines of weaknesses.

[0052] The tamper-evident band 50 is in a reversed orientation in FIG. 2B. This is a common
orientation when the closure is removed from a mold and allows the closure to be ejected
more easily from the closure-forming tooling. The tamper-evident band is later folded from
the reversed orientation into a functional orientation, which is shown and discussed below
with respect to FIG. 3A.

[0053] The closure 10 including the top wall portion 12, the annular skirt portion 14, the
continuous plug seal 16, the top sealing member 18 and the top stop 20 are made of
polymeric material. The closure 10 typically comprises high density polyethylene (HDPE),
polypropylene (PP), or blends thereof. It is contemplated that the closure may be made of
other polymeric materials. The tamper-evident band 50, if present, is typically made of the
same materials as the rest of the closure.

[0054] The closures are typically formed by processes such as injection or compression
molding. It is contemplated that other processes may be used in forming the closures.

[0055] The closures of the present invention, including closure 10, may be used with the
container 108 to form the package 100 of FIG. 3A. A portion of the container 108 is shown
in FIG. 3A and includes the neck portion or finish 102 that defines an opening. The neck
portion 102 of the container 108 includes an external thread formation 104. The external
thread formation 104 of the container 108 engages with the corresponding internal thread
formation 30 of the closure 10 to seal the package 100. The external thread formation of the
container may include continuous or discontinuous thread segments, and may include single
or multiple threads. Thus, it is contemplated that different threads formations may be used in
the container. One non-limiting example of an external thread formation of the container is a
helical thread formation.

[0056] The container 108 is typically made of polymeric material. One non-limiting example
of a material to be used in forming a polymeric container is polyethylene terephthalate (PET),
polypropylene (PP) or blends using the same. It is contemplated that the container may be

formed of other polymeric materials. It is also contemplated that the container may be
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formed of glass. The container 108 may have an encapsulated oxygen-barrier layer or oxygen
barrier material incorporated therein.

[0057] To open the container 108 and gain access to the product therein, the closure 10 is
unthreaded by turning the closure 10 with respect to the container 108. The tamper-evident
band 50 is in its functional orientation in FIG. 3A. The container surface naturally separates
from the closure as the closure is unthreaded. After the closure has been unthreaded, the
closure 10 is then removed from the container so that the user can gain access to the
container. During this process, the tamper-evident band 50 is separated from the remainder
of the closure 10. The tamper-evident band 50 is held in place and allows the frangible
connection 52 to separate the tamper-evident band from the remainder of the closure. The
tamper-evident band 50 desirably remains with the container, but it is contemplated that the
tamper-evident band may be removed in a separate step from the container.

[0058] The polymeric closures of the present invention are desirable in both low-temperature
and high-temperature applications. The polymeric closures of the present invention may be
used in low-temperature applications such as an ambient or a cold fill. These applications
include water, sports drinks, aseptic applications such as dairy products, and pressurized
products such as carbonated soft drinks. It is contemplated that other low-temperature
applications may be used with the polymeric closures formed by the processes of the present
invention.

[0059] The polymeric closures of the present invention may be exposed to high-temperature
applications such as hot-fill and pasteurizations. A hot fill application is generally performed
at temperatures around 185°F, while a hot-fill with pasteurization is generally performed at
temperatures around 205°F. It is contemplated that the polymeric closures of the present

invention can be used in other high-temperature applications.

Examples

[0060] Inventive and Comparative closures were made and tested. Inventive Closure 1 was
substantially similar to closure 10 shown in FIGS. 2A-2C. Inventive Closure 1 was a 33 mm
one-piece configuration made of high density polyethylene (HDPE).

[0061] Comparative Closure 1 is shown in prior art FIGS. 1A, 1B as closure 300.
Comparative Closure 1 was a 33 mm one-piece configuration made of high density
polyethylene (HDPE). Closure 300 of FIGS. 1A, 1B includes a polymeric top wall portion
312, a polymeric annular skirt portion 314 that depends from the polymeric top wall portion

312, a polymeric continuous plug seal 316, a top stop 320 and a side sealing member 324.
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[0062] A total of 12 samples of each configuration (Inventive Closure 1 and Comparative
Closure 1) was tested. Each of the samples of Inventive Closure 1 and Comparative Closure
1 was tested in combination with a container or bottle. The containers were identical and
made of PET with about 32 fluid ounces of water. The containers had a 33 mm, double lead,
hot-fill finish. Each of the closures was threaded onto the finish of the respective containers
into a closed position. The packages were conditioned at ambient temperature for roughly 24
hours. Then, the finish and closure were cut away from the remainder of the package. The
cutaway finish and closure were placed in a submerged fixture/test apparatus under different
pressures. Specifically, 12 samples of each closure were tested under two pressure conditions
— 1.5 bars and 6.9 bars (1 bar equals 14.5 psi) after the respective closures were threaded onto
the containers in a closed position. The testing conditions and the results are shown in the
Table 1 below.

[0063] Table 1

Sample Inventive Closure 1 Comparative Closure 1
No. 1.5 bar 6.9 bar 1.5 bar 6.9 bar
1 No Leak | Leak @ 3.8 No Leak No Leak
2 No Leak Leak @ 4.1 No Leak No Leak
3 NoLeak | Leak @ 3.1 No Leak No Leak
4 No Leak Leak @ 3.4 No Leak No Leak
5 No Leak Leak @ 4.5 No Leak No Leak
6 No Leak Leak @ 3.4 No Leak No Leak
7 No Leak | Leak @ 3.8 No Leak No Leak
8 No Leak | Leak @ 3.8 No Leak No Leak
9 No Leak Leak @ 3.4 No Leak No Leak
10 No Leak | Leak @ 3.8 No Leak No Leak
11 No Leak | Leak @ 4.1 No Leak No Leak
12 No Leak | Leak @ 3.8 No Leak No Leak

[0064] As shown in Table 1 above, both Inventive Closure 1 and Comparative Closure 1 did
not leak under 1.5 bar (22 psi) of internal pressure in the package. When the internal pressure
of the package was increased to 6.9 bar (100 psi), Inventive Closure 1 leaked in every test.

The leaking in the samples of Inventive Closure 1 began at varying pressures from 3.1 to 4.5
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bar (45 psi to 65 psi) as shown in Table 1. The samples of Comparative Closure 1 did not

leak as the internal pressure of the package was increased to 6.9 bars (100 psi).
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CLAIMS
WHAT IS CLAIMED IS:
1. A closure comprising:

a polymeric top wall portion;

a polymeric annular skirt portion depending from the polymeric top wall portion, the
annular skirt portion including an internal thread formation for mating engagement with an
external thread formation in a finish of an associated container, the polymeric annular skirt
portion including an interior surface and an exterior surface;

a polymeric continuous plug seal depending from the polymeric top wall portion, the
continuous plug seal being spaced from the interior surface of the polymeric annular skirt
portion;

a top sealing member depending from the polymeric top wall portion, the top sealing
member being located between the continuous plug seal and the annular skirt portion, the top
sealing member being continuous; and

a top stop depending from the polymeric top wall portion, the top stop being located
between the continuous plug seal and the annular skirt portion,

wherein the top sealing member extends to and contacts (a) a top surface of the finish
of the container, (b) a top portion of the inner radius or inner corner of the finish of the
container, (c) a top portion of the outer radius or outer corner of the finish of the container, or
(d) any combination thereof when the closure and the container are in mating engagement
with each other at an atmospheric internal pressure,

wherein the top sealing member and the top stop are adapted to be spaced from and
located above (a) the top surface of the finish of the container, (b) the top portion of the inner
radius and inner corner of the finish of the container, and (c) the top portion of the outer
radius and outer corner of the finish of the container when the closure and the container are in

mating engagement with each other under an internal pressure of at least about 50 psi.

2. The closure of claim 1, wherein the closure further includes a polymeric tamper-

evident feature.

3. The closure of claim 2, wherein the polymeric tamper-evident feature is a band, the
tamper-evident feature depending from and is at least partially detachably connected to the

polymeric annular skirt portion by a frangible connection.
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4. The closure of claim 1, wherein the internal thread formation of the closure includes

at least one helical thread element.

5. The closure of claim 1, wherein the shape of the closure is generally cylindrical.
6. The closure of claim 1, wherein the closure is a one-piece closure.
7. The closure of claim 1, wherein the top sealing member and the top stop extends and

contacts a top surface of the finish of the container when the closure and container are in

mating engagement with each other under an atmospheric internal pressure.

8. The closure of claim 1, wherein the top sealing member and the top stop are adapted
to be spaced from and located above (a) the top surface of the finish of the container, (b) the
top portion of the inner radius and inner corner of the finish of the container, and (c¢) the top
portion of the outer radius and outer corner of the finish of the container when the closure and
container are in mating engagement with each other under an internal pressure of at least

about 60 psi.

9. The closure of claim 1, wherein the top sealing member and the top stop are adapted
to be spaced from and located above (a) the top surface of the finish of the container, (b) the
top portion of the inner radius and inner corner of the finish of the container, and (c) the top
portion of the outer radius and outer corner of the finish of the container when the closure and

container are in mating engagement with each other under an internal pressure of at least 70

psi.

10.  The closure of claim 1, wherein the distance between the top sealing member and the

finish of the container is from about 0.001 to about 0.015 inches at 70 psi.

11. The closure of claim 1, wherein the top sealing member is located between the

continuous plug and the top stop.

12. The closure of claim 1, wherein the top sealing member extends downwardly from the

top wall portion and outwardly towards the polymeric annular skirt portion.
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A package comprising:

a container having a finish defining an opening, the container having an external

thread formation on the finish; and

a closure configured for fitment to the finish of the container for closing the opening,

the closure comprises

14.

a polymeric top wall portion;

a polymeric annular skirt portion depending from the polymeric top wall
portion, the annular skirt portion including an internal thread formation for mating
engagement with the external thread formation on the finish of the container, the
polymeric annular skirt portion including an interior surface and an exterior surface;

a polymeric continuous plug seal depending from the polymeric top wall
portion, the continuous plug seal being spaced from the interior surface of the
polymeric annular skirt portion;

a top sealing member depending from the polymeric top wall portion, the top
sealing member being located between the continuous plug seal and the annular skirt
portion, the top sealing member being continuous; and

a top stop depending from the polymeric top wall portion, the top stop being
located between the continuous plug seal and the annular skirt portion,

wherein the top sealing member extends to and contacts (a) a top surface of
the finish of the container, (b) a top portion of the inner radius or inner corner of the
finish of the container, (¢) a top portion of the outer radius or outer corner of the finish
of the container, or (d) any combination thereof when the closure and the container
are in mating engagement with each other at an atmospheric internal pressure,

wherein the top sealing member and the top stop are adapted to be spaced
from and located above (a) the top surface of the finish of the container, (b) the top
portion of the inner radius and inner corner of the finish of the container, and (c) the
top portion of the outer radius and outer corner of the finish of the container when the
closure and the container are in mating engagement with each other under an internal

pressure of at least about 50 psi.

The package of claim 13, wherein the closure further includes a polymeric tamper-

evident feature.

15.

The package of claim 13, wherein the closure is a one-piece closure.
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16. The package of claim 13, wherein the top sealing member and the top stop extends
and contacts a top surface of the finish of the container when the closure and container are in

mating engagement with each other under an atmospheric internal pressure.

17. The package of claim 13, wherein the top sealing member and the top stop are
adapted to be spaced from and located above (a) the top surface of the finish of the container,
(b) the top portion of the inner radius and inner corner of the finish of the container, and (¢)
the top portion of the outer radius and outer corner of the finish of the container when the
closure and container are in mating engagement with each other under an internal pressure of

at least about 60 psi.

18.  The package of claim 13, wherein the top sealing member is located between the

continuous plug and the top stop.

19. The package of claim 13, wherein the top sealing member extends downwardly from

the top wall portion and outwardly towards the polymeric annular skirt portion.

20. A closure comprising:

a polymeric top wall portion;

a polymeric annular skirt portion depending from the polymeric top wall portion, the
annular skirt portion including an internal thread formation for mating engagement with an
external thread formation in a finish of an associated container, the polymeric annular skirt
portion including an interior surface and an exterior surface;

a polymeric continuous plug seal depending from the polymeric top wall portion, the
continuous plug seal being spaced from the interior surface of the polymeric annular skirt
portion;

a polymeric tamper-evident feature being a band, the tamper-evident feature
depending from and is at least partially detachably connected to the polymeric annular skirt
portion by a frangible connection,

a top sealing member depending from the polymeric top wall portion, the top sealing
member being located between the continuous plug seal and the annular skirt portion, the top
sealing member being continuous, the top sealing member extending downwardly from the

top wall portion and outwardly towards the polymeric annular skirt portion; and
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a top stop depending from the polymeric top wall portion, the top stop being located
between the continuous plug seal and the annular skirt portion, the top stop being located
between the top sealing member and the polymeric annular skirt portion,

wherein the top sealing member extends to and contacts (a) a top surface of the finish
of the container, (b) a top portion of the inner radius or inner corner of the finish of the
container, (c) a top portion of the outer radius or outer corner of the finish of the container, or
(d) any combination thereof when the closure and the container are in mating engagement
with each other at an atmospheric internal pressure,

wherein the top sealing member and the top stop are adapted to be spaced from and
located above (a) the top surface of the finish of the container, (b) the top portion of the inner
radius and inner corner of the finish of the container, and (c) the top portion of the outer
radius and outer corner of the finish of the container when the closure and the container are in

mating engagement with each other under an internal pressure of at least about 60 psi.



,,,,,
i

WO 2019/094339 PCT/US2018/059244

175

Fig. 14
PRIOR ART

Fig. 1B
PRIOR ART



,,,,,
i

25




WO 2019/094339 PCT/US2018/059244

,,,,,
i




WO 2019/094339 PCT/US2018/059244

,,,,,
i




WO 2019/094339 PCT/US2018/059244

,,,,,
i

55




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2018/059244

A. CLASSIFICATION OF SUBJECT MATTER

INV. B65D41/04 B65D51/16
ADD.

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

B. FIELDS SEARCHED

B65D

Minimum documentation searched (classification system followed by classification symbols)

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

EPO-Internal

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

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

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

Relevant to claim No.

12 July 2006 (2006-07-12)

4 August 1998 (1998-08-04)
figure 3

Y paragraph [0026]; figures 1, 6, 7

X DE 202 10 304 Ul (PLAMATEC AG FAELLANDEN
[CH]) 29 August 2002 (2002-08-29)

Y JP H10 203551 A (KISHIMOTO AKIRA)

X EP 1 679 267 A2 (CROWN CORK JAPAN [JP]) 1-6,

8-11,
13-15,
17,18
7,12,16,
19

1,4-6,
8-11,13,
15,17,18

Y page 6, 1line 9 - Tine 29; figures 20

7,12,16,
19,20

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

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

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

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

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

21 February 2019

Date of mailing of the international search report

04/03/2019

Name and mailing address of the ISA/

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

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Bridault, Alain

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




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2018/059244
Patent document Publication Patent family Publication
cited in search report date member(s) date
EP 1679267 A2 12-07-2006  CN 1799946 A 12-07-2006
EP 1679267 A2 12-07-2006
KR 20060069288 A 21-06-2006
US 2006138073 Al 29-06-2006
DE 20210304 ul 29-08-2002 AT 6553 Ul 29-12-2003
CH 694019 A5 15-06-2004
DE 20210304 Ul 29-08-2002
JP H10203551 A 04-08-1998  NONE

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




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

