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(57) Abstract: A closure (10) for a container (12) with a neck (14) and an external helical thread (18) formed on the neck (14)
includes an upper wall (22) and a skirt (24) formed integrally with and extending generally downwardly from the upper wall (22).
An internal helical thread (30) on the skirt (24) is asymmetrical in cross section and sealingly engages the external helical thread (18).
A first annular seal (32) sealingly engages the outer surface (16) of the neck portion (14) and a second annular seal (50) sealingly
engages an inner surface (64) of the neck (14). A thickness (T) of the neck (14) is initially greater than a distance (D) between the
first and second annular seals before installation of the closure (10). A third annular seal (70) on a lower surface of the upper wall
(22) sealingly engages an upper edge (72) of the neck portion. A security ring (26) is frangibly connected to the skirt and includes
tabs (88) that prevent removal of the security ring (26) from the container (12).
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CONTAINER CLOSURE

BACKGROUND OF THE INVENTION

Field of the Invention

This invention relates in general to container closures, and more particularly to a

container closure having multiple sealing surfaces and a tamper-evident ring.

Description of the Related Art

Various tamper-evident closures have been proposed wherein a threaded cap has
a skirt portion with internal threads for connecting the cap to the threaded neck of a
container. A security ring is typically formed during molding of the cap and frangible
connections are formed after molding by cutting or slitting openings into the closure at
the juncture of the security ring and skirt portion. The security ring may be provided with
a plurality of circumferentially spaced, inwardly and upwardly extending tabs or fingers
integrally connected to the ring. The outer free ends of the fingers are adapted to engage
beneath a shoulder or ledge on the container neck below the threaded portion. In this
manner, the cap is prevented from being removed from the coﬁtainer until twisted a
sufficient distance to break the frangible connection and thereby separate the cap from the

ring.

Closures of the above-mentioned type are typically manufactured with medium or
high density polyethylene materials through die casting or thermoforming. The materials
must be sufficiently resilient and flexible to enable extraction of the male die member
from the cavity of the closure despite the presence of the inwardly and upwardly
extending fingers. Since the closures are anchored to the container mainly by engagement
of the fingers with the shoulder or ledge, the required flexibility and resilience of the
closure to enable separation from the die may also enable the closure to be relatively

easily removed from the container without breaking the frangible connection between the
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skirt and the security ring by slipping the closure off the container in a direction parallel
with the axis of the container neck. This is particularly disadvantageous since there is no

clear indication that the container has been tampered with.

In recognition of this problem, UK Patent Application No. GB 2 039 817 proposes
die molding a closure out of relatively rigid plastics material, such as polypropylene.
However, the die-molding process itself is relatively time consuming and therefore
contributes to an increase in the cost of manufacturing the closure. In addition, the
formation of frangible bridges requires a further processing step wherein openings
between the bridges are cut or slit at the intersection of the security ring and skirt portion
of the closure. The extra processing step requires extra equipment, time, and energy and

thereby contributes to the overall cost of the closure.

Other closure designs depend on adding a different material on the bottom surface
of the closure top wall to maintain sealing against leakage. The addition of any material
to the cap requires more steps in manufacturing and assembly, and also contributes to an
increase in closure manufacturing costs. Thus, it is desirous to produce a closure that is

of single piece construction.

As desirable as the one-piece plastic closure may be, there are a number of
problems associated with its use. For example, it is difficult to maintain a seal between
the closure and container over an extended period of time under various conditions of
packing, storing and handling. Once the closure is firmly engaged on the container,
whether by threads or some other means, various parts of the closure are under stress
because of forces required to effect a seal. These stresses tend to cause cold flow or creep
of the closure material and may cause a breach in the seal between the closure and
container. This tendency is augmented when the closure and container are subject to

internal pressure from carbonated beverages. A plastic material's tendency to creep is
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further affected by elevated temperatures, which may result in a breach of the seal and

consequential leakage and/or spoilage of the contents.

Even when the closure is sufficient to retain the beverage in a carbonated state,
removal of the closure for dispersing the beverage causes seal degradation to the point
where the closure cannot retain its prior sealing ability. Consequently, the beverage will
lose much of its carbonation in a relatively short period of time and is often discarded

before being completely consumed.

In addition to the above drawbacks, the internal threads in prior art closures are
typically symmetrical in cross section. Although this construction may facilitate
attachment of the closure to the container, the internal threads may not properly seal
against the external threads of the container. Moreover, the molding process for closures
with threads of this nature typically requires the core mold to be rotated or unscrewed
from the interior of the closure after closure formation. This is a time consuming process
and is much less efficient than if the core mold were to be withdrawn from the formed

closure without rotation.
SUMMARY OF THE INVENTION

According to one embodiment of the invention, a closure is provided for
connection to a container. The container typically has a neck portion and an external
helical thread formed on an outer surface of the neck portion. The closure comprises an
upper wall and a skirt formed integrally with and extending generally downwardly from
the upper wall. The skirt includes an inner surface with an internal helical thread formed
thereon for engaging the external helical thread of the neck portion to thereby secure the
closure to the container. A first annular seal is formed on the inner skirt surface and
extends generally radially inwardly toward a central axis of the closure. The first annular
seal is adapted to sealingly engage the outer surface of the neck portion. A second

annular seal extends generally axially downwardly from the upper wall and is adapted to
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sealingly engage an inner surface of the neck portion. Preferably, a thickness of the neck
portion between the first and second annular seals is greater than the distance between the
first and second annular seals before installation of the closure on the container, such that
when the closure is installed on the container, the first and second annular seals are biased
toward each other with the first annular seal exerting inward radial pressure on the outer
surface of the neck portion and the second annular seal exerting outward radial pressure

on the inner surface of the neck portion.

According to a further embodiment of the invention, a closure comprises an upper
wall and a skirt formed integrally with and extending generally downwardly from the
upper wall. The skirt has an inner surface with an internal helical thread formed thereon
for engaging the external helical thread of the neck portion to thereby secure the closure
to the container. The internal helical thread comprises a crown spaced from the skirt
inner surface, an upper thread surface extending generally upwardly and away from the
crown to the skirt inner surface, and a lower thread surface extending generally
downwardly and away from the crown to the skirt inner surface. The length of the upper
thread surface is preferably greater than the length of the lower thread surface to thereby
form an asymmetrical cross sectional shape. The upper thread surface is adapted to
sealingly engage a lower surface of the external helical thread when the closure is

installed on the container.

According to an even further embodiment of the invention, a closure comprises an
upper wall, a skirt formed integrally with and extending generally downwardly from the
upper wall, and a tamper-evident security ring connected to the skirt. The skirt includes
an inner skirt surface with an internal helical thread formed thereon for engaging the
external helical thread of the neck portion to thereby secure the closure to the container.

The internal helical thread comprises a crown spaced from the skirt inner surface, an
upper thread surface extending generally upwardly and away from the crown to the skirt

inner surface and a lower thread surface extending generally downwardly and away from
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the crown to the skirt inner surface. Preferably, the length of the upper thread surface is
greater than the length of the lower thread surface to thereby form an asymmetrical cross
sectional shape. The upper thread surface is adapted to sealingly engage a lower surface
of the external helical thread when the closure is installed on the neck portion. A first
annular seal is formed on the inner surface and extends generally radially inwardly toward
a central axis of the closure. The first annular seal is adapted to sealingly engage the
outer surface of the neck portion. A second annular seal extends generally axially
downwardly from the upper wall. The second annular seal is adapted to sealingly engage
an inner surface of the neck portion. Preferably, a thickness of the neck portion between
the first and second annular seals is greater than the distance between the first and second
annular seals before installation of the closure on the container, such that when the closure
is installed on the container, the first and second annular seals are biased toward each
other with the first annular seal exerting inward radial pressure on the outer surface of the
neck portion and the second annular seal exerting outward radial pressure on the inner
surface of the neck portion. A third annular seal is located on a lower surface of the upper
wall between the first and second annular seals. The third annular seal is adapted to
engage an upper edge of the neck portion that extends between the inner and outer
surfaces of the neck portion. The tamper-evident security ring is adapted to contact an
annular shoulder of the container neck portion. The security ring comprises an annular
wall and a plurality of circumferentially spaced retaining tabs. Each retaining tab has an
inner end resiliently connected to the annular wall through an integral hinge and an outer
free end. Installation of the closure on the neck portion causes the retaining tabs to
elastically deflect toward the annular wall when the outer free ends pass by the shoulder
and then to bias against the outer surface of the neck portion below the annular shoulder

when the closure is installed on the neck portion.

These and other features and advantages of the invention will become apparent

upon reference to the following detailed description and the accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

The preferred embodiments of the present invention will hereinafter be described

in conjunction with the appended drawings wherein:

FIG. 1 is an enlarged cross sectional view of a container closure according to the

invention mounted on the neck of a container;
FIG. 2 is a top plan view of a container closure according to the invention;
FIG. 3 is a bottom plan view of the container closure;

FIG. 4 is a cross sectional view of the container closure taken along line 4-4 of

FIG. 2;

FIG. 5 is a cross sectional view of the container closure taken along line 5-5 of

FIG. 4;

FIG. 6 is a cross sectional view similar to FIG. 4 of a container closure according

to a further embodiment of the invention;

FIG. 7 is a cross sectional view of the container closure taken along line 7-7 of

FIG. 6; and

FIG. 8 is an enlarged cross sectional view of a portion of the container closure

illustrating the thread and seal details.

It is noted that the drawings are intended to represent only typical embodiments

of the invention and therefore should not be construed as limiting the scope thereof.

The invention will now be described in greater detail with reference to the
drawings, wherein like parts throughout the drawing figures are represented by like

numerals.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now to the drawings, and to FIG. 1 in particular, an exemplary
embodiment of a closure 10 for connection to a container 12 is illustrated. An upper end
of the container 12 includes a neck portion 14 with an external helical thread 18 and an
annular shoulder 20 formed on an outer surface 16 thereof. As shown, the shoulder 20

is located below the thread 18 in a well known arrangement.

The closure 10 includes an upper wall 22 and a skirt 24 that is integrally formed
with and extends downwardly from the upper wall. As shown, the skirt 24 is generally
cylindrical in shape but may be conical or of some other shape in order to accommodate
the shape of the neck portion 14. A tamper-evident security ring 26 may be frangibly
connected to a lower end of the skirt 24. The closure 10, including the upper wall, skirt
and security ring 26, is preferably integrally formed from a relative stiff plastic material,
such as polypropylene, through injection molding, although other known forming

processes may be used.

With additional reference to FIGS. 2 through 5, the skirt 24 includes an inner
surface 28 with an internal helical thread 30 formed thereon for engaging the external
helical thread 18 of the neck portion 14 when the closure 10 is installed on the container
12. A first annular seal 32 is formed integral with the inner surface 28 and extends
generally radially inwardly toward a central axis 35 of the closure 10. An apex area 33
of the first annular seal 32 is adapted to sealingly engage the outer surface 16 of the neck
portion 14 above the external thread 18. A plurality of ribs 34 are formed on an outer
surface 36 of the skirt 24 to enhance gripping of the closure by a user.

With reference now to FIG. 8, the internal helical thread 30 includes a crown 38
integrally formed with an upper curved surface 40 with a first radius A and a lower
curved surface 42 with a second radius B that is different from the first radius A to

thereby form an internal thread that is asymmetrical in cross section. Preferably, the first
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radius A is greater than the second radius B. This arrangement is especially advantageous
during the molding process. The upper curved surface of the internal thread 30 and the
corresponding mold or core surface (not shown) facilitate removal of the core from the
interior of the closure in a linear direction parallel with the closure central axis 35 without
stripping the internal thread 30. This feature greatly increases the closure production rate
and decreases mold costs over the prior art where the core must be rotated out of the
closure interior. Linear removal of the core is preferably accomplished while the
material is still warm, but after it is set in the mold. The lower surface 80 of the skirt may
be in contact with a movable mold section during the molding process so that the closure

10 may be linearly ejected from the core mold.

The asymmetric cross sectional shape of the internal thread 30 also allows for
greater variation in container tolerance and external thread shape since more surface area
on the upper surface 40 is available for contacting a lower surface 44 (FIG. 1) of the
external thread 18 on the neck portion 14 when the closure 10 is attached to the neck
portion. As shown in FIG. 1, the upper surface 40 of the internal thread 30 may be
different in curvature or slope than the lower surface 44 of the external thread 18 to
accommodate a wide variety of external thread shapes and tolerances. The asymmetric
cross sectional shape of the internal thread 30 assures that full contact is maintained
between the external thread 18 of the neck portion 14 and the internal thread 30. This
feature minimizes the deformation that may occur due to a rise in pressure in the contamner

12.

As shown in FIGS. 6 and 7, and according to a further embodiment of the
invention, the internal helical thread 30 may be interrupted by circumferentially spaced
vent slots 46. The number of vent slots 46 preferably match the number of vent slots (not
shown) extending through the external helical thread 18 of the neck portion 14 when so
equipped. The vent slots 46 are normally out of alignment with the vent slots of the

container when the closure 10 is fully seated to thereby enhance the maximum pressure
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to which the closure 10 can be exposed without bursting or leaking. In a preferred
embodiment, the closure 10 is designed to withstand pressures of about 175 psi or more.
This embodiment is especially suitable for carbonated beverage containers, since initial
twisting of the closure will cause the vents in the closure and container to at least partially
align and release any pressure within the container before the internal and external threads

are disengaged.

Referring now to FIGS. 1, 3, 4 and 8, the upper wall 22 includes a depression 48
formed therein and a second annular seal 50 formed on a lower surface 52 of the upper
wall 22. The depression 48 is coincident with an injection port of an injection molding
machine (not shown) during formation of the closure 10. Where other molding processes
are used, the depression 48 may be eliminated. The second annular seal 52 extends in a
generally axial direction and includes an upwardly sloped surface 54 that extends
outwardly and upwardly from a lower edge 56 to a seal apex area 58 and a downwardly
sloped surface 60 that extends outwardly and downwardly from the lowér surface 52 of
the upper wall 22 to the seal apex area 58. The apex area 58 of the second annular seal
50 is adapted to sealingly engage the inner surface 64 of the neck portion 14 above the
external thread 18. Preferably, the distance "D" between the apex area 33 of the first
annular seal 32 and the apex area 58 of the second annular seal 50 is less than the
thickness "T" of the neck portion 14 between the apex areas, as shown in FIG. 1. In this
manner, the first and second annular seals are biased tightly against the neck 14 and create
a double seal between the closure 10 and container 12. A third annular seal 70 is
provided by the bottom surface 52 of the upper wall 22 between the first and second
annular seals 32, 50. The third annular seal 70 is in sealing engagement with an upper

edge 72 of the neck portion 14 when the closure is completely installed on the container.

With this arrangement, the contents within the container 12 are isolated from the
atmosphere outside the container by three separate annular seals. The shape of the

annular seals creates a positive sealing engagement with the neck portion 14 without
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excessive friction that would otherwise require additional torque to open and close the
container 12. The provision of three seals is especially advantageous when the container
and closure are subjected to internal pressure, such as when a carbonated beverage is
located in the container. Under internal pressure, the upper wall will tend to bow
outwardly, which in turn will cause the first annular seal 32 to increase its contact
pressure with the outer surface 16 of the neck portion 14. Concurrently, the contact
pressure between the second annular seal 50 and the inner surface 64 of the neck portion
14 will increase. In addition, the multiplicity of annular seals (besides the sealing
engagement between the internal and external threads) assures that the contents of the
container will remain sealed even if one or two of the annular seals were to fail. In this
manner, carbonated beverages can maintain their carbonation for longer periods of time
than prior art closures, even when the closure 10 of the present invention has been

removed and reinstalled on the container.

As shown most clearly in FIGS. 1, 3, 4 and 8, the security ring 26 is connected to
a lower surface 80 of the skirt 24 through circumferentially spaced ribs 82 that are
separated by windows or slots 84. The ribs 82 are preferably of sufficient thickness and
width to resist forces that may occur during installation of the closure 10 on the container
12. The security ring 26 includes an annular wall 86 and a plurality of circumferentially
spaced retaining tabs 88 connected to an inner surface 90 of the annular wall through
integral hinges 92. When formed, the tabs 88 preferably initially extend at an obtuse
angle with respect to the annular wall 86 to facilitate removal of the core mold. A
subsequent forming operation may include bending the tabs 88 to form a perpendicular
or acute angle with the annular wall 86 by pressing a mandrel or the like against the tabs
until they are plastically deformed to the desired position. In this manner, less force is
required to install the closure 10 on the container 12. The tabs 88 as shown in FIG. 8
gradually increase in thickness from the integral hinge 92 to an outer free end 94 thereof.
Alternatively, the tabs may be of constant or decreasing thickness. As shown in FIG. 3,

the outer free ends 94 of the tabs 88 are concave. In a further embodiment, the outer free
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ends may be straight or convex. Moreover, although the tabs are shown as separate from
each other, they may be joined at their radially extending edges 96 through a flexible web
or the like.

With reference again to FIG. 1, a capping operation wherein the closure 10 is
secured on the neck portion 14 of the container 12 will now be described. Initially, the
closure 10 is aligned with the neck portion 14. As shown, the lower end of the skirt 24
may be slightly flared to facilitate alignment. The closure 10 is lowered into contact with
the neck portion 14. The retaining tabs 88 (now extending perpendicular to or forming
an acute angle with the annular wall 86) will contact the external thread 18 and annular
shoulder 20 of the neck portion 14 and flex to a position 88A. As the outer free end 94
of the retaining tabs 88 clear the shoulder 20, they will spring back to a position 88B
wherein the outer free end is in contact with the outer surface 16 of the neck portion 14.

Depending on the original orientation of the retaining tabs 88, a biasing force may be
created against the outer surface 16. As the internal closure threa%i 30 engages the
external container thread 18 during the capping operation, the upward sloped surface 54
of the second annular seal 50 will contact the upper edge 72 of the neck portion 14 and
deform the second annular seal radially inwardly until the apex 58 of the second annular
seal contacts the inner surface 64 of the neck portion to thereby bias the first and second
annular seals against the neck portion. As the closure is twisted further onto the neck
portion, the third annular seal 70 will seat against the upper edge 72 with the upper
surface 40 of the internal thread 30 in sealing contact with the lower surface 44 of the
outer thread 18. Any attempt to remove the closure 10 from the container 12 will cause
the retaining tabs 88 to contact the annular shoulder 20 and break the ribs 82 (FIG. 4) to
thereby separate the closure 10 from the security ring 26.

Although the closure 10 has been shown and described in a particular orientation,
it is to be understood that the invention is not limited thereto. The closure 10 may be

connectable to a bottle or other container in any orientation. Accordingly, the terms
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upper, lower, upward, downward, and their respective derivatives and equivalent terms
as may be used throughout the specification, including the claims, denote relative, rather

than absolute positions or orientations.

While the invention has been taught with specific reference to the above-described
embodiments, those skilled in the art will recognize that changes can be made in form and
detail without departing from the spirit and the scope of the invention. Thus, the
described embodiments are to be considered in all respects only as illustrative and not
restrictive. The scope of the invention is, therefore, indicated by the appended claims
rather than by the foregoing description. All changes that come within the meaning and

range of equivalency of the claims are to be embraced within their scope.
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CLAIMS

‘What is claimed is:

1. A closure for connection to a container with a neck portion and an
external helical thread formed on an outer surface of the neck portion, the closure
comprising:

an upper wall;

a skirt formed integrally with and extending generally downwardly from
the upper wall, the skirt having an inner skirt surface with an internal helical thread
formed thereon for engaging the external helical thread of the neck portion to thereby
secure the closure to the container;

a first annular seal on the inner skirt surface and extending generally
radially inwardly toward a central axis of the closure to sealingly engage the outer
surface of the neck portion; and

a second annular seal extending generally downwardly from the upper
wall to sealingly engage an inner surface of the neck portion;

wherein a thickness of the neck portion between the first and second
annular seals is greater than the distance between the first and second annular seals
before installation of the closure on the container, such that when the closure is
installed on the container, the first and second annular seals are biased toward each
other with the first annular seal exerting inward radial pressure on the outer surface of
the neck portion and the second annular seal exerting outward radial pressure on the

inner surface of the neck portion.

2. A closure according to claim 1, wherein the upper wall between the first
and second annular seals forms a third annular seal that sealingly engages an upper
edge of the neck portion extending between the inner and outer surfaces of the neck

portion when the closure is installed on the container.

13-
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3. A closure according to claim 1, wherein a cross sectional shape of the

internal helical thread is asymmetrical.

4. A closure according to claim 3, wherein the internal helical thread

comprises:

a crown spaced from the skirt inner surface;

an upper thread surface extending generally upwardly and away from the
crown to the skirt inner surface; and

a lower thread surface extending generally downwardly and away from
the crown to the skirt inner surface;

wherein a length of the upper thread surface is greater than a length of
the lower thread surface to thereby form the asymmetrical shape. |

5. A closure according to claim 4, wherein the lengths are arc léngths. ‘

6. A closure according to claim 4, and further comprising at least one vent

slot interrupting the internal helical thread.

7. A closure according to claim 1, wherein the neck portion of the
container includes an annular shoulder below the external helical thread, and further
comprising a tamper-evident security ring frangibly connected to a lower end of the

skirt, the security ring being adapted to contact the annular shoulder.

8. A closure according to claim 7, wherein the security ring comprises:
an annular wall; and
a plurality of circumferentially spaced retaining tabs, each retaining tab
having an outer free end and an inner end resiliently connected to the annular wall
through an integral hinge, whereby installation of the closure on the container causes
the retaining tabs to elastically deflect toward the annular wall when the outer free

ends pass by the shoulder.
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9. A closure according to claim 8, wherein the outer free ends of the
retaining tabs are adapted to bias against the outer surface of the neck portion below

the annular shoulder when the closure is installed on the container.

10. A closure for connection to a container with a neck portion and an
external helical thread formed on an outer surface of the neck portion, the closure
comprising:

an upper wall;

a skirt formed integrally with and extending generally downwardly from
the upper wall, the skirt having an inner surface with an internal helical thread formed
thereon for engaging the external helical thread of the neck portion to thereby secure
the closure to the container, the internal helical thread comprising:

a crown spaced from the skirt inner surface;

an upper thread surface extending generally upwardly and away
from the crown to the skirt inner surface; and

a lower thread surface exténding generally downwardly and away
from the crown to the skirt inner surface;

a length of the upper thread surface being greater than a length of
the lower thread surface to thereby form an asymmetrical cross sectional shape; |

wherein the upper thread surface is adapted to sealingly engage a lower

surface of the external helical thread when the closure is installed on the neck portion.
11. A closure according to claim 10, wherein the lengths are arc lengths.

12. A closure according to claim 10, and further comprising at least one vent

slot interrupting the internal helical thread.
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13. A closure according to claim 10, and further comprising:

a first annular seal formed on the inner skirt surface and extending
generally radially inwardly toward a central axis of the closure, the first annular seal
being adapted to sealingly engage the outer surface of the neck portion; and

a second annular seal extending generally axially downwardly from the
upper wall, the second annular seal being adapted to sealingly engage an inner surface

of the neck portion.

14. A closure according to claim 13, wherein a thickness of the neck portion
between the first and second annular seals is greater than the distance between the first
and second annular seals before installation of the closure on the container, such that
when the closure is installed on the container, the first and second annular seals are
biased toward each other with the first annular seal exerting inward radial pressure on
the outer surface of the neck portion and the second annular seal exerting outward

radial pressure on the inner surface of the neck portion.

15. A closure according to claim 14, wherein the upper wall between the
first and second annular seals forms a third annular seal that sealingly engages an
upper edge of the neck portion extending between the inner and outer surfaces of the

neck portion when the closure is installed on the container.

16. A closure according to claim 10, wherein the neck portion of the
container includes an annular shoulder below the external helical thread, and further
comprising a tamper-evident security ring frangibly connected to a lower end of the

skirt, the security ring being adapted to contact the annular shoulder.

17. A closure according to claim 16, wherein the security ring comprises:
an annular wall; and
a plurality of circumferentially spaced retaining tabs, each retaining tab

having an inner end resiliently connected to the annular wall through an integral hinge
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and an outer free end, whereby installation of the closure on the container causes the
retaining tabs to elastically deflect toward the annular wall when the outer free ends

pass by the shoulder.

18. A closure according to claim 17, wherein the outer free ends of the
retaining tabs are adapted to bias against the outer surface of the neck portion below

the annular shoulder when the closure is installed on the container.

19. A closure for connection to a container with a neck portion and an
external helical thread formed on an outer surface of the neck portion, the closure
comprising:

an upper wall;

a skirt formed integrally with and extending generally downwardly from
the upper wall, the skirt having an inner skirt surface with an internal helical thread
formed thereon for engaging the external helical thread of the neck portion to thereby
secure the closure to the container, the internal helical thread comprising:

a crown spaced from the skirt inner surface;

an upper thread surface extending generally upwardly and away
from the crown to the skirt inner surface; and

a lower thread surface extending generally downwardly and away
from the crown to the skirt inner surface;

a length of the upper thread surface being greater than a length of
the lower thread surface to thereby form an asymmetrical cross sectional thread shape,
the upper thread surface being adapted to sealingly engage a lower surface of the
external helical thread when the closure is installed on the neck portion;

a first annular seal formed on the inner skirt surface and extending
generally radially inwardly toward a central axis of the closure, the first annular seal

being adapted to sealingly engage the outer surface of the neck portion;
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a second annular seal extending generally axially downwardly from the
upper wall, the second annular seal being adapted to sealingly engage an inner surface
of the neck portion, wherein a thickness of the neck portion between the first and
second annular seals is greater than the distance between the first and second annular
seals before installation of the closure on the container, such that when the closure is
installed on the container, the first and second annular seals are biased toward each
other with the first annular seal exerting inward radial pressure on the outer surface of
the neck portion and the second annular seal exerting outward radial pressure on the
inner surface of the neck portion;

the upper wall forming a third annular seal between the first and second
annular seals, the third annular seal being adapted to engage an upper edge of the neck
portion extending between the inner and outer surfaces of the neck portion when the
closure is installed on the container; and

a tamper-evident security ring connected to a lower end of the skirt, the
security ring being adapted to contact the annular shoulder, the security ring
comprising:

an annular wall; and

a plurality of circumferentially spaced retaining tabs, each
retaining tab having an inner end resiliently connected to the annular wall through an
integral hinge and an outer free end, whereby installation of the closure on the neck
portion causes the retaining tabs to elastically deflect toward the annular wall when the
outer free ends pass by the shoulder, the outer free ends being adapted to bias against
the outer surface of the neck portion below the annular shoulder when the closure is

installed on the neck portion.
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