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A CLOSURE AND A BOTTLE NECK
BACKGROUND OF THE INVENTION

The present invention relates to a closure that
is formed from a polymeric material and is intended for
use as a sealing system for a bottle that includes a light

weight and relatively non-rigid neck finish.

The present invention also relates to an assembly
of a closure and a bottle neck, where the bottle neck is

made from a light weight and deformable material.

The present invention also relates to a bottle
that includes the above bottle neck and the above closure
applied to the bottle neck.

In the dairy industry in Australia and around the
world, one common form of packaging for Qairy products is
the extrusion blow moulded high density polyethylene
(EDPE) bottle. This bottle is particularly preferred in
common 2, 3 and 4 litre serving sizes, as the bottle can
be readily and economically formed with an integral handle

to enhance handling of a large format package.

The incorporation of an integral handle.in HDPE
bottles contrasts such bottles with bottles made from the
most common alternate material, polyethylene terephthalate
(PET) , where integral handles cannot be formed at low
manufacturing cost. This effectively confines PET
packaging to the less than 2 litre market, where handles

1
are not usually required. |

A further advantage of the use of HDPE for the
manufacture of dairy packaging is an ability to create a

very light weight and hence low cost package, in
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comparison to the quantity of product being packed. This
is a highly desirable attribute in the dairy industry,
where the core product, white whole milk, is a staple and
price driven commodity with little potential for value

added manufacture.

, A consequence of the extreme light weight of
dairy packaging is a light weight bottle neck. A typical
HDPE blow moulded bottle in the dairy industry has a neck
diameter of 38mm for rapid filling, but a wall thickness
of less than 1lmm, commonly less'than'O.Smm, and at the
extreme less than 0.3mm. For technical reasons associated
with extrusion blow moulding, a heavy neck on a light

weight bottle is not commercially feasible.

HDPE bottles are commonly closed with a light
weight closure. In the current art the seal between the
closure and the bottle is not via a screw thread itself,
but instead via a “bore seal”. A bore seal is a
cylindrical skirt (i.e. a ring or a lip) about 2mm long on
the inside of a screw closure, which seals against the

inside of the top of the screw thread in the neck of the

"bottle.

Typically, the light weight closure often also
comprises a top panel providing an upper surface and a
peripheral skirt comprising inwardly projecting threads
designed to engage corresponding outwardly projecting
threads on a bottle neck. The threads may be of any
suitable design, pitch and depth, including traditional
single spiral screw-on, multi-spiral screw-on, or multi-

spiral snap-on/screw-off (SOSO) designs.

Many designs of bore seals are known in the art.
It will be understood by those skilled in the art that the
outer diameter of the cylindrical skirt of a bore seal is

greater than the inner diameter of the bottle neck (bore



WO 2007/147206 PCT/AU2007/000857

10

15

20

25

30

35

- 3 -

diameter) to provide an interference fit.

The term “interference fit” is used to describe
the relationship of diameters. In any given situation, the
degree of interference fit is determined by the experience

of the designer and by actual practical tests.

Often the light weight closure further comprises
a tamper evident means. Examples of tamper evident means
are in the form of a band which locks onto a corresponding
outwardly projecting bead or system on the neck of the
bottle, and which is connected by frangible connectors (or
bridges) to the lower edge of the peripheral skirt of the
closure. The frangible bridges may be formed directly
during closure moulding or be formed in a post moulding

slitting operation.

A light weight bottle neck, typically but not
exclusively formed from HDPE, comprises a wall section and
a top edge or rim. The light weight bottle neck may
further comprise a flange extending inwardly from the rim
to increase strength. This flange may be nearly
horizontal, but more typically is at an angle increasing
in height as the flange progresses in toward the bore to

enable trimming.

A major consequence of the extremely light weight
neck is that it deforms easily and makes a poor
contribution to the seal between the neck and its screw
top closure. The thread form is too light to allow for
force to be vertically applied on the bore seal region.
Perhaps more importantly, the wall section is too thin to
apply significant inwardly acting tensile forces on a bore
seal. In particular, if the cylindrical skirt of the bore
seal on the closure applies excessive outward force on the
neck of the bottle in an attempt to achieve a tight seal,

the neck of the bottle may not be strong enough to resist
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these outward forces and so moves outwards. As the inside
of the neck of the bottle moves outwards, the seal is lost
and the fluid contained in the bottles starts leaking.
This leaking can happen immediately or the neck may creep

over time and lead to leaking at a later stage.

Bore seals are commonly used as the preferred
seal system. However, leakage of product as it is
transported through trade channels, and more importantly
in transport and storage by customers, remains an issue
with up to 80% of some products leaking to differing
degrees. In practical terms this can lead to milk leaking
in distribution systems and retail outlets, or in cars and
bags when being brought home (where the smell can be
difficult to dissipate), and in refrigerators at home if
the bottles are laid flat during storage in the

refrigerators.

In a modification to the above-mentioned bottle
neck to improve seal effectiveness, the use of a bore seal
has been combined with a modified neck including an
inwardly and upwardly angled strengthening flange at the
top of the neck to resist the outward flexing of the neck
of the bottle. This modification increases sealing
forces. However, the seal surface, being a trimmed edge,
is imperfect, and leakage is notﬁeliminated altogether.

In some markets, the use of induction seal foil
inserts in closures has been adopted to largely eliminate
leakage. This is an effective solution, but not
particularly cost effective, with the foil seal a&ding in
excess of 25% to the cost of a closure assembly.
Nonetheless, in some markets this has become the default

sealing system due to customer demand.

A low cost closure, and associated neck design,

offering improved sealing performance is a desirable
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It is an objective of the present invention to
provide an improved sealing system or at least to offer a

low cost alternative to current practice.
SUMMARY OF THE INVENTION

The present invention addresses the known
inadequacy of sealing in light weight systems by an
improved design incorporating additional features at

negligible additional cost.

The present invention is based on a realisation
that the light weight and therefore easily deformable
bottle neck construction of the above-described known
bottle necks can be utilised advantageously in the design

of a closure and a closure and a bottle neck assembly.

More particularly, the present invention

addresses the limitation in the seal quality by:

(a) the creation of a multi-point seal in a

closure/neck assembly,

(b) providing a closure to support a neck of a bottle

to better resist deformation, and

(c) preferably utilizing a top load applied to an
angled, inwardly projecting flange on the top of
the bottle neck to flatten the flange, and
effectively widen the flange in the horizontal
vector to increase seal pressure as the closure
bottoms. ‘

In a preferred form the present invention

provides a light weight closure and bottle neck
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assembly. The assembly includes a closure that has a
bore seal defined by inner and outer members, such as
two concentric skirts. The assembly further includes a
bottle neck that includes a flange that is angled
inwardly and upwardly at an angle of “theta” to the
horizontal, as viewed when the bottle is in an upright
position on a horizontal surface. The bottle neck and
the closure are formed so that the flange can (a)
deflect downwardly in response to an applied top load
from the closure as the closure is being applie& to the
bottle neck and (b) be compressed when the closure is
located on the bottle neck and can become wedged with an

interference fit in the bore seal.

In more general terms, according to the present

invention there is provided a light weight closure that

includes:

(a) a top panel;

(b) a first member in the form of a peripheral skirt
depending therefrom, the skirt including an
inwardly projecting thread adapted to cooperate
with an outwardly projecting thread on a bottle
neck and thereby engage the closure on the bottle

neck;

(c) a second member in the form of an inner
concentric skirt depending from the top panel and
positioned inwardly of the peripheral skirt and
designed to provide a primary bore seal and

having an exterior diameter of “S1”; and

(d) a third member positioned between the peripheral
skirt and the inner skirt to contact an outside
of a rim of the bottle neck and thereby provide a

secondary bore seal and resistance to outward
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flexing of the neck of the bottle.

Preferably the closure further includes a tamper

evident member.

Optionally, the third member is in the form of an
intermediate skirt that extends from the top panel and is
concentric with the first and second members and is
positioned between the peripheral skirt and the inner
skirt to provide contact with an outside of the rim of the
bottle neck after the bottle neck engages the primary bore
seal and thereby provides the secondary bore seal and
resistance to outward flexing of the neck of the bottle,

and having an internal diameter of “S2'.

Optionally, rather than an intermediate skirt,
the third member may be in the form of a pressure block
positioned inwardly of the peripheral skirt to provide
contact with an outside of the rim of the bottle neck
after the bore seal has engaged the bottle neck and
théreby provide the secondary seal and resistance to
outward flexing of the neck of the bottle.

Optionally, the closure may further include a
seal structure on a contact surface of the top panel
between the second skirt and the third skirt to provide
enhanced top seal. The seal structure may be of any form

known in the art.

Preferably the closure is formed from a polymeric

material.

Preferably closure is formed from a polyethylene

polymer.

More preferably the closure is formed from a high
density polyethylene (“HDPE”).
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According to the present invention there is also
provided a bottle neck that is suitable for use, by way of

example, with the above-described closure that includes:

(a) a vertical wall, forming a root of a thread, with
a nominal external diameter “E”, the wall having

a top rim;

(b) a thread form projecting outwardly from the

vertical wall, with a nominal diameter “T”;
(c) a bore, with a nominal diameter of “B”; and

(d) a flange that, when the bottle is viewed standing
on a horizontal surface, extends from the top rim
inwards and upwards to an inner edge that defines
the bore.

Preferably the flange is angled inwardly and
upwardly from the top rim at an angle of “theta” to the

horizontal.

Preferably the flange has a width “W” which is
greater than a radial gap between the inner skirt and the
third member, (such as the intermediate skirt) of .the

closure, i.e. the difference between diameters E and B.
Typically, the angle theta is in a range of 3-45°
to a horizontal plane, as viewed when the bottle is

standing upright on a horizontal surface.

Preferably the angle theta is in the range of 5-

30°.

More preferably the angle theta is in the range
of 5-20°. ‘
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Preferably the bottle neck and the closure are
formed, for example as a consequence of the wall thickness
and/or the materials selection and/or the construction of
the bottle neck and the closure, so that the flange can
(a) deflect downwardly in response to an applied top load
from the closure as the closure is being applied to the
bottle neck and (b) be compressed when the closure is
located on the bottle neck and can become wedged with an
interference fit in the bore seal, i.e. between the inner
skirt and the third member (such as the intermediate

skirt) of the closure.

Preferably the bottle neck is formed from a

readily deformable polymeric material.

Preferably bottle neck is formed from a
polyethylene polymer.

More preferably the bottle neck is formed from a
HDPE.

Preferably the bottle neck has a wall thickness

of less than lmm.

More preferably the bottle neck has a wall

thickness of less than 0.5mm.

Typically, the bottle neck has a wall thickness

of less than 0.3mm.

Preferably the width W of the flange and the
initial angle theta of the flange are selected having
regard to the properties of the material from which the
bottle neck is made so that the flange is not permanently
deformed when the flange is wedged with the interference

fit in the bore seal and has sufficient hoop strength to
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revert to the inwardly and upwardly extending profile when

the closure is removed from the bottle neck.

In operation, during application of the closure
onto the bottle neck, three seals are formed between the

closure and the bottle neck.

A first primary bore seal is formed by contact of
an outward surface of the inner skirt of the closure and
an inner surface of the bore of the bottle neck, with a
contact force being controlled by the difference between

diameters B and Sl.

Support for the first seal is provided and a
second secondary bore seal is formed by contact between
the third member (such as the intermediate skirt) and the
outside rim of the bottle neck, with a contact force being

controlled by the difference between diameters E and S2.

A third tertiary bore seal is formed by contact
between an upper surface of the bottle neck, more
particularly an upper surface of the inwardly and upwardly
angled flange of the bottle neck, and the under surface of
the top panel of the closure at final application of the

closure on the bottle neck.

The inwardly and upwardly angled flange of the
bottle neck extends initially at angle theta, typically in
the range of 5-45°. The angle decreases as the élosure is
applied to the bottle neck. This decrease in the angle
effectively increases the horizontal component of the
width W of the flange, and effectively increases the
contact force at both horizontal seal contacts while
creating the vertical seal contact. In effect, the
deformable flange is compressed into the gap between the
inner skirt and the third member (such as the intermediate

skirt) and forms the third seal as an interference fit.
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According to the present invention there is also
provided a closure and a bottle neck assembly that
includes the above-described bottle neck and the above-

described closure positioned on the bottle neck.

According to the present invention there is
provided a bottle that includes the above-described bottle
neck and the above-described closure positioned on the
bottle neck.

The present invention is further described by way

of example with reference to the attached drawings.
DESCRIPTION OF DRAWINGS

Figure 1 shows the general appearance of one
embodiment of an assembly of a closure and a bottle neck
of the present invention;

Figure 2 shows a top view of the closure;

Figure 3 shows a sectional view of the closure
and the bottle neck assembly;

Figure 4 shows a cut-away view of the closure and
the bottle neck assembly for clarity;

Figures 5(a)-5(c) show detailed sectional views
of the closure and the bottle neck assembly, in unapplied,

partially applied, and fully applied conditions; and

Figure 6 shows optional and alternate embodiments

of the closure of the present invention.

DETAILED DESCRIPTION OF THE DRAWINGS
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Figure 1 shows one embodiment of a closure of the
present invention applied to a bottle neck 7 of a blow
moulded HDPE bottle.

The closure and the bottle neck 7 shown in Figure
1 forms one embodiment of a closure and bottle neck

assembly in accordance with the present invention.

As can be seen in Figure 1, the closure includes
a top panel 1, a first member in the form of a peripheral
cylindrical skirt 2 extending from the top panel 1, and a
tamper evident member in the form of a tamper evident band
3 connected to a lower edge of the skirt 2 via connecting

bridges 4.

The tamper evident band 3 includes a plurality of
inwardly and upwardly extending petals 5 to engage a
tamper bead 6 on the bottle neck 7. A knurled surface 8
is typical for such closures and may be of any convenient

design.

Figure 2 shows the closure of Figure 1 in top

view.

Figure 3 is a cross-sectional view along the line
A-A of Figure 2 and shows the embodiment of the closure
and bottle neck assembly in a fully closed position with
the closure applied to the bottle neck 7, with a seal

being formed between the closure and the bottle neck 7.

As can be seen in Figure 3, the closure also
includes a second member in the form of an inner
cylindrical skirt 9 extending from the top panel 1 that
provides a primary bore seal at a contact point 10
(Figures 5(b) and 5(c)). Depending on the circumstances,
the inner skirt 9 may be rigid or deformable. Generally,

the inner skirt 9 will be relatively rigid.
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With further reference to Figure 3, the closure
also includes a third member in the form of an
intermediate skirt 11 extending from the top panel 1 that
provides a second seal point 12 (Figure 5(c)) that forms a
secondary bore seal and increases the contact force at the
bore seal point 10. Depending on the circumstances, the
intermediate skirt 11 may be rigid or deformable.
Generally, the intermediate skirt 11 will have a small
degree of flexibility to ensure that the overall seal that
is formed when the closure is applied to the bottle neck 7

is not too tight.

The bottle neck 7 includes a thread form 14 and a
tamper bead 6.

The bottle neck 7 further includes an inwardly
and-upwardly angled top flange 17 that, as is described
further hereinafter, cooperates with the inner skirt 9 and
the intermediate skirt 11 of the closure to provide (a)
the two above-mentioned seal points 10, 12 (which apply
horizontally acting forces as viewed in the drawings) and
(b) a further contact seal at point 16 (which applies a
vertically acting force as viewed in the drawings) that
forms a tertiary bore seal. The width W of the flange 17
is selected to be greater than the radial gap between the
inner skirt 9 and the intermediate skirt 11. In any given
situation, the difference between these dimensions will be
a function of the deformability of the flange 17 and can
be detérmined having regard to factors such as (but not
limited to) the properties of the materials from which the
bottle neck 7 and the clo;ure are made and the wall
thickness of thé bottle neck 7.

Figure 4 shows a perspective view of the closure

and the bottle neck assembly in section.
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Figures 5(a)-(c) show the critical seal area in
region C of Figure 3 in greater detail and illustrate
conceptually how the embodiment of the seal of the present

invention operates.

In Figure 5(a), the inner skirt 9 is about to
contact the inner edge 19 of the flange 17 on the bottle
neck 7. The flange 17 is arranged at an angle theta,
typically in a range of 5-45° and preferably 10°, to the
horizontal, as shown in the Figure. The intermediate
skirt 11 is desirably shorter than the inner skirt 9 as
shown, but this is not necessary to the operation of the
invention. The bottle neck wall section 18 - which is
thin-walled (typically less than 0.5mm) - is visible in
the Figure. It will be understood by those skilled in the
art that the contact force between the inner edge of the
flange 17 and the outer face of the inner skirt 9 will be
low due to the flexibility of HDPE (and other commonly

used plastics materials).

In Figure 5(b), contact between the flange 17 and
the inner skirt 9 has occurred at the seal point 10, but
the intermediate skirt 11 is yet to seal the outside of
the bottle neck 7. The flange 17 remains substantially at
the original angle theta to the horizontal at this stage.

Figure 5(c¢) illustrates the core of the concept
of the present invention as it is applied to the
embodiment of the closure and bottle neck assembly of the
present invention shown in the drawing. As the inner edge
19 of thé flange 17 contacts the underside of the top
panel 1, a vertical seal contact ié made between the
flange 17 and the top panel 1. Progressively, as the
closure continues to be applied to the bottle neck 7, the
flange 17 deflects downwardly in response to the top load
and the angle of the flange 17 to the horizontal reduces
from theta towards zero. Consequently, the effective
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horizontal width across the flange 17 increases from
Wcosine (theta) to W as the flange 17 approaches the
horizontal. This results in the flange 17 being tightly
wedged between the inner skirt 9 and the intermediate
skirt 11 and therefore forming an interference fit and
thus obtaining increased contact force from a light weight

neck.

It is evident from the above that the present
invention takes advantage of the light weight and
therefore deformable bottle neck construction of the
above-described known bottle necks - which is a negative
characteristic of known closures and closure and bottle

neck assemblies.

Figure 6 illustrates further embodiments of the

closure of the present invention.

With reference to Figure 6, a first alternate
embodiment of the external contact structure (the third
member) is the use of a pressure block 20 as a substitute
for the intermediate skirt 11. This structure successfully’
provides seal contact, but at a higher cost than the

discrete skirt structure.

With reference to Figure 6, an optional seal
structure 21 in the form of two concentric protruding

rings is shown on the top seal contact surface of the cap.

Many modifications may be made to the embodiments
of this invention described above without departing from

the spirit and scope of the invention.
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A light weight closure that includes:
a top panel;

a first member in the form of a peripheral skirt
depending therefrom, the skirt including an
inwardly projecting thread adapted to cooperate
with an outwardly projecting thread on a bottle
neck and thereby engage the closure on the
bottle neck;

a second member in the form of an inner
concentric skirt depending from the top panel
and positioned inwardly of the peripheral skirt
and designed to provide a primary bore seal and

having an exterior diameter of “S1”; and

a third member positioned between the peripheral
skirt and the inner skirt to provide contact
with an outside of a rim of the bottle neck and
thereby provide a secondary bore seal and
resistance to outward flexing of the neck of the
bottle.

The closure defined in claim 1 wherein the third

member is in the form of an intermediate skirt that

extends from the top panel and is concentric with the

30 first and second members and is positioned between the

peripheral skirt and the inner skirt to contact an outside
of the rim of the bottle neck after the bottle neck
engages the primary bore seal and thereby provides the

secondary bore seal and resistance to outward flexing of
35 the neck of the bottle.

The closure defined'in claim 1 wherein the third
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member is in the form of a pressure block positioned
inwardly of the peripheral skirt to provide contact with
an outside of the rim of the bottle neck after the bore
seal has engaged the bottle neck and thereby provide the
secondary seal and resistance to outward flexing of the
neck of the bottle.

4. ' A bottle neck that is suitable for use with the
closure defined in any one of the preceding claims that
includes:
(a) a vertical wall, forming a root of a thread, the
wall having a top rim;
(b) a thread form projecting outwardly from the
vertical wall;
(c) a bore; and
(d) a flange that, when the bottle is viewed
standing on a horizontal surface, extends from
the top rim inwards and upwards to an inner edge
that defines the bore.
5. The bottle neck defined in claim 4 wherein the

flange is angled inwardly and upwardly from the top rim at

an angle of “theta”” to the horizontal.

6. The bottle neck defined in claim 5 wherein the
flange has a width “W” which is greater than a radial gap
between the inner skirt and the third member, (such as the

intermediate skirt) of the closure.

7. The bottle neck defined in claim 5 or claim 6
wherein the angle theta is in a range of 3-45° to a
horizontal plane, as viewed when the bottle is standing

upright on a horizontal surface.
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8. The bottle neck defined in

PCT/AU2007/000857

any one of the

preceding claims wherein the bottle neck and the closure

are formed, for example as a consequence of the wall

thickness and/or the materials selection and/or the

construction of the bottle neck and the closure, so that

the flange can (a) deflect downwardly in response to an

applied top load from the closure as

the closure is being

applied to the bottle neck and (b) be compressed when the

closure is located on the bottle neck and can become

wedged with an interference fit in the bore seal, i.e.

between the inner skirt and the third member (such as the

intermediate skirt) of the closure.

9. The bottle neck defined in

any one of claims 4

to 8 formed from a readily deformable polymeric material.

10. The bottle neck defined in
polyethylene polymer.

11. The bottle neck defined in
high density polyethylene.

12. The bottle neck defined in

claim 9 formed from a

claim 9 formed from a

any one of claims 4 to

11 having a wall thickness of less than lmm.

13. The bottle neck defined in

thickness of less than 0.5mm.

14. The bottle neck defined in

thickness of less than 0.3mm.

15. . The bottle neck defined in
14 wherein the width W of the flange

claim 12 having a wall

claim 12 having a wall

any one of claims 5 to

and the initial angle

theta of the flange are selected having regard to the

properties of the material from which the bottle neck is

made so that the flange is not permanently deformed when
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the flange is wedged with the interference fit in the bore
seal and has sufficient hoop strength to revert to the
inwardly and upwardly extending profile when the closure

is removed from the bottle neck.

16. A closure and a bottle neck assembly that
includes the bottle neck defined in any one of claims 4 to
15 and the closure defined in any one of claims 1 to 3

positioned on the bottle neck.

17. A bottle that includes the the bottle neck
defined in any one of claims 4 to 15 and the closure
defined in any one of claims 1 to 3 positioned on the

bottle neck.
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