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Abstract

The present disclosure relates to a method of preparing a closure for a product retaining 

container and to a closure that is obtainable by a method of the present disclosure. The present 

disclosure also relates to a use, in the manufacture of a closure, of a knife blade comprising a

5 cutting edge region having a discontinuous cutting edge.
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Method of Preparing a Closure for a Product-Retaining Container

Related Application
[0001] The present application is related to U.S. Provisional Patent Application No. 61/657298 

entitled “METHOD OF PREPARING A CLOSURE FOR A PRODUCT-RETAINING 

CONTAINER,” filed June 8, 2012, which is incorporated herein by reference in its entirety.

Field of the Invention
[0002] The present disclosure relates to a method of preparing a closure for a product retaining 

container and to a closure that is obtainable by a method of the present disclosure. The present 

disclosure also relates to a use, in the manufacture of a closure, of a knife blade comprising a 

cutting edge region having a discontinuous cutting edge.

Background of the Invention
[0003] In view of the wide variety of products that are sold for being dispensed from containers, 

particularly containers with round necks which define the dispensing portal, numerous 

constructions have evolved for container stoppers or closure means for the portals, including for 

example screw caps, stoppers, corks and crown caps, to name a few. Generally, products such as 

vinegar, vegetable oils, laboratory liquids, detergents, honey, condiments, spices, alcoholic 

beverages, and the like, have similar needs regarding the type and construction of the closure 

means used for containers for these products. However, wine sold in bottles represents the most 

demanding product in terms of bottle closure technology. In an attempt to best meet these 

demands, most wine bottle closures or stoppers have been produced from a natural material 

known as "cork".

[0004] While natural cork still remains a dominant material for wine closures, synthetic wine 

closures have become increasingly popular over the last years, largely due to the shortage in high 

quality natural cork material and the awareness of wine spoilage as a result of “cork taint”, a
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the advantage that by means of closure technology, their material content and physical
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characteristics can be designed, controlled and fine-tuned to satisfy the varying demands that the 

wide range of different wine types produced throughout the world impose on closures.

[0005] One of the principal difficulties to which any bottle closure is subjected in the wine 

industry is the manner in which the closure is inserted into the bottle. Typically, the closure is 

placed in a jaw clamping member positioned above the bottle portal. The clamping member 

incorporates a plurality of separate and independent jaw members which peripherally surround 

the closure member and are movable relative to each other to compress the closure member to a 

diameter substantially less than its original diameter. Once the closure member has been fully 

compressed, a plunger moves the closure means from the jaws directly into the neck of the 

bottle, where the closure member is capable of expanding into engagement with the interior 

diameter of the bottle neck and portal, thereby sealing the bottle and the contents thereof.

[0006] In view of the fact that the jaw members are generally independent of each other and 

separately movable in order to enable the closure member to be compressed to the substantially 

reduced diameter, each jaw member comprises a sharp edge which is brought into direct 

engagement with the closure member when the closure member is fully compressed. Depending 

upon the composition of the closure member, score lines are frequently formed on the outer 

surface of the closure member, which prevents a complete, leak-free seal from being created 

when the closure member expands into engagement with the bottle neck.

[0007] Thus, it is generally desirable that any synthetic bottle closure be able to withstand this 

conventional bottling and sealing method. Furtheimore, many cork sealing members also incur 

damage during the bottling process, resulting in leakage or tainted wine.

[0008] Another issue in the wine industry is the capability of the wine stopper to withstand a 

pressure build up that can occur during the storage of the wine product after it has been bottled 

and sealed. Due to natural expansion of the wine during hotter months, pressure builds up, 

which can result in the bottle stopper being displaced from the bottle. As a result, it is generally 

desirable that the bottle stopper employed for wine products be capable of secure, intimate, 

frictional engagement with the bottle neck in order to resist any such pressure build up.

1270-018P
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[0009] A further issue in the wine industry is the general desirability that secure, sealed 

engagement of the stopper with the neck of the bottle he achieved quickly, if not virtually 

immediately after the stopper is inserted into the neck of the bottle. During normal wine 

processing, the stopper is compressed, as detailed above, and inserted into the neck of the bottle 

to enable the stopper to expand in place and seal the bottle. However, such expansion desirably 

occurs immediately upon insertion into the bottle since many processors tip the bottle onto its 

side or neck down after the stopper is inserted into the bottle neck, allowing the bottle to remain 

stored in this position for extended periods of time. If the stopper is unable to rapidly expand 

into secure, intimate, frictional contact and engagement with the walls of the neck of the bottle, 

wine leakage can occur.

[0010] It is further desirable that the closure be removable from the bottle using a reasonable 

extraction force. Although actual extraction forces extend over a wide range, the generally 

accepted, conventional extraction force is typically below 100 pounds.

[0011] In achieving a commercially viable stopper or closure, a careful balance must be made 

between secure sealing and providing a reasonable extraction force for removal of the closure 

from the bottle. Since the these two characteristics are believed to be in direct opposition to each 

other, a careful balance must be achieved so that the stopper or closure is capable of securely 

sealing the wine in the bottle, preventing both leakage and gas transmission, while also being 

removable from the bottle without requiring an excessive extraction force.

[0012] Furthermore, it is generally desirable that the closure has a low oxygen permeability. Too 

much oxygen can cause the premature spoilage of wine. In fact, oxidation may occur over a 

period of time to render the beverage undrinkable. Thus, it is desirable to effectively prevent or 

reduce oxygen from entering the bottle in order to extend and preserve the freshness and shelf 

life of the product. Any commercially viable wine stopper or closure should therefore generally 

have a low oxygen transferrate (OTR).

1270-018P
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[0013] In addition to the above, it is often desirable for synthetic closures to resemble natural 

cork closures as closely as possible in appearance, Both the longitudinal surface and the flat ends 

of cylindrical cork closures generally have an irregular appearance, for example showing 

naturally occurring irregularities in color, structure and profile. Methods have been developed for 

providing synthetic closures with a physical appearance similar to natural cork, for example by 

blending colors to produce a streaking effect in the outer portion of the closure, along the 

cylindrical axis. However, no method has yet been disclosed by means of which the flat 

terminating ends of a synthetic closure can be provided with a physical appearance similar to 

natural cork.

[0014] It is, furthermore, often desirable to provide decorative indicia such as letters and 

ornaments on the surface of wine stoppers (e.g. the crest or emblem of a winery). Natural corks 

are generally marked by a method commonly referred to as “fire branding”, i.e. by the 

application of a hot branding tool. Alternatively, natural corks may also be branded by 

application of colors or dyes. Due to food safety concerns, marking of natural corks with colors 

or dyes is generally only effected on the curved cylindrical surface of the cork that is not in direct 

contact with the wine. On the other hand, marking on the flat terminating surfaces of natural 

corks is generally effected by means of fire branding only since this method does not impose any 

food safety concerns.

[0015] It is also known to brand synthetic closures. Synthetic closures are commonly branded by 

means of inkjet printing using special dyes or colors approved for indirect food contact. Since 

such colors and dyes are normally not approved for direct food contact marking of synthetic 

closures with colors or dyes is generally only effected on the curved cylindrical surface of the 

cork that is not in direct contact with the wine. Therefore, marking on the flat terminating 

surfaces of synthetic closures is generally only known for injection molded closures, where 

marking is effected during the molding process of the closure by providing raised portions on the 

flat terminating surfaces.

[0016] Methods arc available for marking the flat terminating surface of synthetic closures that 

have been manufactured by means of extrusion, in particular by co-extrusion. Laser marking

1270-018P
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method is, however, inherently slow and expensive since it requires the use of special laser dye

additives. Also, there have been concerns that laser marking of the flat terminating surfaces of

synthetic closures may adversely change the foam structure of the core element, which may, in

consequence, adversely affect the sensitive gas permeation properties of such closures.

[0017] A further method involves the application of a decorative layer, in particular of a 

decorative plastic layer, by means of heat and/or pressure transfer. This method allows for 

permanent branding of synthetic closures without giving rise to concerns relating to food safety 

and without negatively impacting the gas permeation and/or mechanical properties of synthetic 

closures, in particular of co-extruded synthetic closures. It can, however, be difficult to achieve a 

desirable print quality.

[0018] Therefore, there exists a need for a method for producing a synthetic closure or stopper 

which particularly comprises at least one of the characteristic features described above, said 

method particularly being capable of producing a synthetic closure or stopper which has a 

physical appearance and/or tactile characteristics similar in at least one aspect to a natural cork 

closure, particularly with only minimal impairment, particularly with no impairment or even with 

improvement of the other properties of the closure such as, inter alia, OTR, leakage, ease of 

insertion and removal, compressibility and compression recovery, compatibility with food 

products.

[0019] There is also a need for a method for producing a synthetic closure or stopper which has 

improved printability on the end terminating faces.

[0020] Other and more specific needs will in part be apparent and will in part appear hereinafter.

[0020a] Any discussion of documents, acts, materials, devices, articles or the like which has 

been included in the present specification is not to be taken as an admission that any or all of 

these matters form part of the prior art base or were common general knowledge in the field
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application.

Summary of the Invention

[0020b] Throughout this specification the word "comprise", or variations such as "comprises" or 
"comprising", will be understood to imply the inclusion of a stated element, integer or step, or 
group of elements, integers or steps, but not the exclusion of any other element, integer or step, 
or group of elements, integers or steps.

[0021] As will become evident from the following detailed disclosure, the synthetic closure of 

the present disclosure may be employed as a bottle closure or stopper for any desired product.
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However, for the reasons detailed above, wine products impose the most burdensome standards 

on a bottle closure. Consequently, in order to clearly demonstrate the universal applicability of 

the synthetic closure of the present disclosure, the following disclosure focuses on the 

applicability and usability of the synthetic closure of the present disclosure as a closure or 

stopper for wine containing bottles. However, this discussion is for exemplary purposes only 

and is not intended as a limitation of the present disclosure.

[0022] As discussed above, a bottle closure or stopper for wine must be capable of performing 

numerous separate and distinct functions. One principal function is the ability to withstand the 

pressure build up due to temperature variations during storage, as well as prevent any seepage or 

leakage of the wine from the bottle. Furthermore, a tight seal must also be established to prevent 

unwanted gas exchange between ambient conditions and the bottle interior, so as to prevent any 

unwanted oxidation or permeation of gases from the wine to the atmosphere. In addition, the 

unique corking procedures employed in the wine industry also impart substantial restrictions on 

the bottle closure, requiring a bottle closure which is highly compressible, has high immediate 

compression recovery capabilities and can resist any deleterious effects caused by the clamping 

jaws of the bottle closure equipment.

[0023] Although prior art synthetic products have been produced in an attempt to satisfy the need 

for alternate bottle closures employable in the wine industry, such prior art systems have often 

been found lacking in one or more of the generally desirable aspects of a bottle closure for wine 

products. However, by employing the present disclosure, many of the prior art disadvantages 

have been reduced or even obviated and an effective, easily employed, mass-produced synthetic 

closure has been realized.

[0024] In the present disclosure, many of the prior art disadvantages can be reduced or even 

overcome by achieving a synthetic closure for a product retaining container constructed for being 

inserted and securely retained in a portal forming neck of said container and a method for 

producing such a synthetic closure.

1270-018P
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[0025] In one aspect the present disclosure provides for a method for producing a closure for a 

product containing container constructed for being inserted and retained in a portal forming the 

neck of the container for sealingly closing die container, said method comprising at least the 

steps of:

A. extruding a continuous, elongated, substantially cylindrically-shaped length of 

a material;

B. cutting said elongated length of material in a plane substantially perpendicular 

to the central axis of said elongated length of material using a knife blade, said 

knife blade comprising at least one cutting edge region having a discontinuous 

cutting edge, particularly one cutting edge region having a discontinuous 

cutting edge, or two cutting edge regions, at least one, particularly each of said 

two cutting edge regions having a discontinuous cutting edge, establishing a 

closure having the desired length for insertion and retention in the portal of the 

neck of the container.

[0026] In accordance with an exemplary aspect of the disclosure, a continuous method is 

provided wherein the elongated length of a material is formed by a continuous extrusion process 

which enables the elongated length of material to be manufactured as a continuous elongated 

length of material. The elongated length of material obtained in step A. is then cut in method step 

B. to form a cut portion which is separated by the cuLting from the continuous elongated length 

of material, said cut portion having a length which makes the cut portion suitable for use as a 

closure for a container as described herein. In this way, individual closures are obtained. Method 

step B. is particularly repeated continuously, so that the method according to the present 

disclosure can particularly be described as a continuous method. In this way, the elongated 

length of material produced in step A. can be produced in a continuous production operation 

prior to the formation of the individual closures by cutting the elongated length of extruded 

material in the desired continuous manner according to method step B,.

[0027] The material which has been extruded in method step A. and also the corresponding cut 

material obtained in method step B., for example the cut portions, can also be refereed to as 

“core”, “core material”, “core member”, or the like, which are used interchangeably herein.

1270-018P
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[0028] The at least one cutting edge region of the knife blade is particularly comprised in at least 

one tapered edge region of the knife blade. The at least one tapered edge region is particularly 

formed as a substantially symmetrical double-ground wedge-shape with two taper faces on 

opposing faces of the blade, whereby the two taper faces meet at the cutting edge. The knife 

blade particularly has a total blade grind in at least one cutting edge region, particularly in each 

cutting edge region if more than one cutting edge region is present, in the range of from about 5° 

to about 25°, particularly in the range of from about 6° to about 20°, particularly in the range of 

from about 7° to about 15°, more particularly in the range of from about 8° to about 12°, most 

particularly in the range of from about 9° to about 11°, whereby the total blade grind is defined 

by the sum of the individual angles formed by each of the taper faces with the axis which runs 

through and perpendicular to the at least one cutting edge of the blade. The blade grind can also 

be referred to as a sharpening angle.

[0029] In an exemplary aspect of the method of the present disclosure, the at least one cutting 

edge region is not parallel to the edge region of the knife blade which is opposite to the cutting 

edge region. If one cutting edge region is present, this cutting edge region has a rake angle, 

particularly a rake angle of less than 90°, particularly a rake angle in the range of from about 40° 

to about 85°, more particularly in the range of from about 50° to about 75°, more particularly in 

the range of from about 60° to about 70°, where the rake angle is defined as the acute angle 

formed by the intersection of the cutting edge region with a side edge of the knife blade. If two 

cutting edge regions are present, these particularly intersect each other at an intersection angle 

which can be about twice the rake angle defined above, particularly an intersection angle in the 

range of from less than 180°, particularly an intersection angle in the range of from about 70° to 

about 160°, more particularly an intersection angle in the range of from about 80° to about 150°, 

more particularly an intersection angle in the range of from about 90° to about 140°, more 

particularly an intersection angle in the range of from about 100° to about 130°, more 

particularly an intersection angle in the range of from about 100° to about 120°. A knife blade 

comprising two cutting edge regions is also referred to herein as a dual knife blade or as a dual 

blade.

1270-018P
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[0030] At least one cutting edge region of the knife blade has a discontinuous cutting edge. If the 

knife blade comprises two cutting edge regions, at least one, particularly each of the two cutting 

edge regions has a discontinuous cutting edge. The disclosure herein regarding a discontinuous 

cutting edge is considered to apply to each discontinuous cutting edge independently of each 

other. In an exemplary aspect of the method according to the present disclosure, said 

discontinuous cutting edge is formed by a plurality of notches along the at least one cutting edge 

region. In one aspect of the method according to the present disclosure, the term “notch” 

particularly describes a recess in the at least one cutting edge region. The plurality of notches 

particularly thus forms alternating teeth and recesses along the at least one cutting edge region of 

the knife blade. The term “tooth” is intended to indicate a portion of the at least one cutting edge 

region located between two notches. Such a portion will also be referred to herein as a cutting 

edge portion.

[0031] In an exemplary aspect of the method of the present disclosure, the knife blade is a 

serrated blade. Accordingly, the notches are particularly formed by serrations on at least one face 

of the at least one cutting edge region, particularly serrations on both faces of the at least one 

cutting edge region, particularly substantially symmetrical serrations on both faces of the at least 

one cutting edge region, more particularly cut-out sections in the cutting edge of and passing 

through the at least one cutting edge region. The serrations particularly form substantially U- 

shaped recesses along at least a part of the at least one cutting edge region. The serrations can be 

oblique cut serrations or non-oblique cut serrations, or a combination thereof.

[0032] The notches, particularly the serrations, can be described by means of their dimensions 

such as shape, pitch, depth and width. The notches can have any shape which appears suitable to 

the skilled person for cutting the elongated length of material according to method step B. 

Exemplary notch shapes are, for example, substantially rounded shapes such as U-type shapes, 

since these contribute to satisfying the above-mentioned needs and substantially do not 

negatively affect the strength and stability of the cutting edge.

[0033] In an exemplary aspect of the method of the present disclosure, said notches have a pitch 

between adjacent notches of from about 0.150 inches (about 0.381 cm) to about 0.250 inches

1270-018P
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(about 0.635 cm), particularly of from about 0.155 inches (about 0.394 cm) to about 0.240 inches 

(about 0.610 cm), more particularly of from about of from about 0.160 inches (about 0.406 cm) 

to about 0.230 inches (about 0.584 cm), more particularly of from about 0.165 inches (0.419 cm) 

to about 0.220 inches (about 0.559 cm), yet more particularly of from about 0.170 inches (about 

0.432 cm) to about 0.210 inches (about 0.533 cm), in particular of from about 0.175 inches 

(about 0.445 cm) to about 0.200 inches (about 0.508 cm). By “pitch" is understood the distance 

between the centres of adjacent notches.

[0034] In a further exemplary aspect of the method of the present disclosure, said notches have a 

width of from about 0.010 inches (about 0.025 cm) to about 0.100 inches (about 0.254 cm), 

particularly of from about 0.020 inches (about 0.051 cm) to about 0.085 inches (about 0.216 cm) 

in particular of from about 0.030 inches (about 0.076 cm) to about 0.070 inches (about 0.178 

cm), in particular of from about 0.040 inches (about 0.102 cm) to about 0.060 inches (about 

0.152 cm). The width describes the distance across the notch as measured at the cutting edge, i.e. 

the distance between two teeth,

[0035] In the method according to the present disclosure, said notches particularly have a depth 

of from about 0.010 inches (about 0.025 cm) to about 0.100 inches (about 0.254 cm), particularly 

of from about 0.015 inches (about 0.038 cm) to about 0.080 inches (about 0.203 cm), in 

particular of from about 0.020 inches (about 0.051 cm) to about 0.060 inches (about 0.152 cm), 

in particular of from about 0.030 inches (about 0.076 cm) to about 0.050 inches (about 

0.127 cm). The depth is measured from the extension of the cutting edge axis to the deepest point 

of the notch, which, in the case of U-shaped notches, for example, is found at the mid-point of 

the notch.

Γ0036] The notches can be arranged continuously or intermittently along the cutting edge region. 

In an exemplary aspect of the method of the present disclosure said notches are arranged having 

a consistent pitch between adjacent notches. According to this aspect of the present disclosure 

the cutting edge portions between the notches are therefore substantially the same length as each 

other, so that a regular repetition of cutting edge portions and notches, or teeth and recesses, is 

formed along the cutting edge region.

1270-018P
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[0037] If the knife blade comprises two cutting edge regions the disclosure herein concerning the 

at least one cutting edge region and all aspects thereof is considered to apply to each of the 

cutting edge regions and to all aspects relating to the cutting edge regions and the cutting in 

method step B..

[0038] In an exemplary aspect of the method of the present disclosure, in method step B. said 

elongated length of material is passed through a cutting area and said knife blade is mounted for 

rotation through said cutting area with the knife blade being mounted in a plane substantially 

perpendicular to the central axis of the elongated length of material. The central axis of the 

elongated length of material is the longitudinal axis along the elongated direction of the 

elongated length. A rotating blade arrangement has the advantage of allowing a better 

controllability of the cutting speed compared, for example, to a guillotine-type cutter. The cutting 

speed is substantially related to the speed of rotation of the rotating blade. Controllability of the 

cutting speed is not only advantageous in terms of controlling the cut lengths, but also in terms of 

reducing or even eliminating so-called “backlash” through the elongated length of material, 

which can be caused, for example, with slower cutting speeds which affect the movement of the 

elongated length of material. A suitable cutting speed for the disclosed method can easily be 

determined by the skilled person on the basis of common general knowledge and simple trials.

[0039] In an exemplary aspect of the method disclosed herein said cutting is effected by a 

flyknife cutter and said knife blade is attached to a flywheel of said flyknife cutter. Suitable 

flyknife cutters are known to the skilled person and are commercially available. The knife blade 

particularly comprises conventional fixing means for Fixing to the flywheel. According to an 

particular disclosure of the method, if a knife blade comprising two cutting edge regions is used, 

the flyknife cutter is capable of rotating in two opposing directions, referred to as forwards and 

reverse directions. According to this particular disclosure, this is advantageous in increasing the 

effective life of the knife blade, which helps to reduce waste, as well as reducing cutting 

downtime and line downtime. In an exemplary aspect of this disclosure the trailing cutting edge 

region substantially does not interact with the cut edge of the continuous, elongated length of 

material in such a was as to score or mark it.

1270-018P
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[0040] In an exemplary aspect of the method disclosed herein said knife blade is attached to the 

flywheel in a manner to project radially outwardly of the radial outward extent of the flywheel. 

Such an arrangement has the advantage that the flywheel substantially does not need to move in 

and out of the extrusion as does, for example, a rotary-type blade. This helps to reduce wear on 

components and also helps to reduce backlash through the elongated length of material,

[0041] The knife blade can be made of any material which is known to the skilled person and 

suitable for cutting the elongated length of material, particularly in substantially continuous 

operation. The material of the knife blade should furthermore be suitable for cutting material 

which will come into contact with foodstuffs. According to a particular aspect of the method, 

said knife blade is made of stainless steel, more particularly hardened stainless steel.

[0042] According to an exemplary aspect of the disclosure, it can be advantageous to lubricate at 

least one of the knife blade and the elongated length of material before cutting, during cutting, or 

before and during cutting. Such a lubrication can, for example, contribute to preventing or 

reducing heating of at least one of the elongated length of material and the knife blade, and also 

to reducing wear on the cutting equipment. Suitable lubricants are lubricants which have 

substantially no disadvantageous effect on the material of the elongated length of material, and 

which are compatible with foodstuffs, particularly lubricants which are also or alternatively 

easily removable after cutting, for example by washing or by evaporation, particularly 

evaporation, particularly evaporation in air, particularly before the closure is used to close a 

container, or which have substantially no effect on the contents of the container. Lubricants 

which are considered for use in the disclosed method are, for example, water, ethanol, propanol, 

or combinations thereof.

[0043] The cut sections of material obtained in method step B. can optionally be beveled or 

chamfered. Although any desired bevel or chamfered configuration can be employed, such as a 

radius, curve, or flat surface, it has been found that merely cutting the terminating ends at the 

intersection with the longitudinal cylindrical surface of the elongated length of material, with or 

without at least one peripheral layer as described herein, at an angle in the range of from about

1270-018P
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30° to about 75°, for example in the range of from about 35° to about 70°, particularly in the 

range of from about 40° to about 65°, allows formation of a closure which is easier to insert into 

the neck of a container. Angles of about 45°, 46°, 47°, 48°, 49°, 50°, 51°, 52°, 53°, 54°, 55°, 56°, 

57°, 58°, 59° or 60° have been found particularly to contribute to the present disclosure. The 

bevel or chamfer angle is measured relative to the longitudinal axis of the elongated length of 

material. A further advantage of a beveled or chamfered configuration is the reduction or 

removal of plastic material which may, for example, result from the cutting in method step B., 

for example in the form of fine strands or hairs, and which is not completely removed by the 

cutting in method step B. or subsequent method steps or treatments of the closure.

[0044] In addition to attaining a core member which possesses a construction with physical 

characteristics similar to natural cork, the synthetic closure obtained by the method of the present 

disclosure can also comprise at least one peripheral layer. The at least one peripheral layer is 

generally desirable in attaining a synthetic bottle closure which is suitable as a closure or stopper 

for the wine industry.

[0045] Due to the operation of the cooperating jaws which are employed to compress the stopper 

for insertion into the bottle, sharp edges of the jaw members are forced into intimate contact with 

the outer surface of the stopper. Although cork material has been successful in resisting 

permanent damage from the jaw edges in most instances, other prior art synthetic stoppers have 

been incapable of resisting these cutting forces. As a result, longitudinal cuts, score lines or slits 

are formed in the outer surface of the stopper, enabling liquid to seep from the interior to the 

exterior of the bottle. This disadvantage, existing with prior art cork and synthetic closures, can 

be reduced or even eliminated by incorporating at least one peripheral layer which surrounds and 

envelopes substantially the entire outer longitudinal surface of the substantially cylindrical 

elongated length of material obtained in method step A.. In addition, by forming at least one 

peripheral layer from high density, rugged, score-resistant material, the method of the present 

disclosure provides a synthetic bottle closure which contributes to reducing or even overcoming 

the prior art disadvantages. According to an exemplary aspect of the present disclosure, a 

synthetic bottle closure is realized by forming an outer layer peripherally surrounding the 

elongated length of material obtained in method step A. in intimate, bonded, interengagement

1270-018P
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therewith. The method according to the present disclosure therefore particularly comprises, 

particularly prior to method step B, particularly substantially simultaneously with method step A. 

or after method step A. or both, the following additional step:

A.l separately extruding a separate and independent peripheral layer of plastic material in 

intimate bonded engagement with said continuous, elongated length of material, said separate 

and independent layer of plastic material peripherally surrounding and substantially enveloping 

the cylindrical surface of the continuous, elongated length of material and forming a multi- 

component elongated length of material.

[0046] The multi-component elongated length of material thus in tum is formed with a 

cylindrical outer surface. If one or more further peripheral layers are to be formed, these can be 

formed by repeating method step Al,, wherein the one or more further peripheral layers are 

separately extruded in intimate bonded engagement with the cylindrical outer surface of the 

multi-component elongated length of material to form a multilayer elongated length of material.

[0047] If method step A.l is carried out and/or repeated before method step B., the multi- 

component elongated length of material or the multilayer elongated length of material is cut in 

method step B..

[0048] If at least one peripheral layer is formed, the closure obtainable by means of the method 

of the present disclosure should particularly be formed with the at least one peripheral layer 

intimately bonded to substantially the entire surface of the continuous, elongated length of 

material. If any large unbonded areas exist, flow paths for gas and liquid could result. 

Consequently, secure, intimate, bonded interengagement of the at least one peripheral layer with 

the continuous, elongated length of material is advantageous for attaining a bottle closure for the 

wine industry.

[0049] In order to achieve this integral bonded interconnection between the at least one 

peripheral layer and the continuous, elongated length of material, the at least one peripheral layer 

is formed about the continuous, elongated length of material in a manner which assures intimate
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bonded engagement. Particularly, the desired secure, intimate, bonded, interengagement is 

attained by simultaneous co-extrusion of the at least one peripheral layer and the continuous, 

elongated length of material or by applying the at least one peripheral layer to the continuous, 

elongated length of material after the continuous, elongated length of material has been formed. 

By employing either process, intimate bonded interengagement of the at least one peripheral 

layer to the continuous, elongated length of material is attained.

[0050] By using equipment well known in this industry, the closure of the present disclosure can 

be produced by co-extruding the continuous, elongated length of material simultaneously with at 

least one peripheral layer to provide a final product wherein the at least one peripheral layer is 

intimately bonded to the continuous, elongated length of material in a single, continuous 

operation. If such a co-extrusion process is employed, once the continuous elongated co-extruded 

layers forming the closure have been completely formed and are ready for final processing, the 

elongated dual- or multiple-component material produced is cut as described above to the precise 

length desired for forming closures.

[0051] In an alternative aspect, the continuous, elongated length of material is formed as an 

elongated, continuous, extruded foam product in method step A. and is cooled or allowed to cool 

until ready for subsequent processing. Then, whenever desired, the continuous, elongated length 

of material is fed through a cross-head machine which enables at least one peripheral layer to be 

formed and positioned in the desired location peripherally surrounding the continuous, elongated 

length of material in intimate bonded interengagement therewith according to method step A.l.

[0052] In this way, the elongated length of material produced in step A. can be produced and 

substantially peripherally enveloped by the at least one separate and independent layer of plastic 

material according to method step A.l in a continuous or discontinuous production operation, 

prior to the formation of the individual synthetic closure members by cutting the elongated 

length of extruded material, the multi-component elongated length of material or the multilayer 

elongated length of material in the desired manner as described above.
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[0053] After each closure has been formed with the desired length, the desired chamfer, if 

needed, is formed at each end of the peripheral layer in order to provide the benefits detailed 

above. Once the chamfer or radius has been achieved, the closure is ready for distribution to the 

desired consumer, unless appropriate coatings and/or printing will be applied. Particularly, the 

closure is coated with a suitable lubricant, such as, for example, silicone coating before 

distribution to the desired consumer.

[0054] The closure produced by the method of the present disclosure is particularly further 

defined as being a synthetic closure. The term “synthetic” is intended to refer to at least one, 

particularly to each of the materials from which the closure is formed. The material or materials 

of at least one of the core member and the at least one peripheral layer, for example, particularly 

comprise, more particularly consist of, at least one synthetic material, particularly at least one 

polymer.

[0055] According to an exemplary aspect of the method according to the present disclosure, said 

closure particularly comprises one or more thermoplastic polymers. Particularly at least one, 

particularly both of the core material and the material of the at least one peripheral layer 

comprise one or more thermoplastic polymers. In an exemplary aspect, the at least one peripheral 

layer is formed from plastic material identical or similar to the plastic material employed for the 

core member. However, as detailed herein, the physical characteristics imparted to the peripheral 

layer particularly differ substantially from the physical characteristics of the core member.

[0056] The closure obtained by the method according to the present disclosure is particularly 

wholly or partially foamed. In a particular aspect of the method, the core material is at least 

partially foamed, particularly being substantially foamed. The peripheral layer can also be at 

least partially foamed. However, the at least one peripheral layer is formed with a substantially 

greater density than the core material, in order to impart desired physical characteristics to the 

synthetic bottle closure of the present disclosure. According to an exemplary aspect of the 

method according to the' present disclosure, the core member is foamed and the at least one 

peripheral layer is substantially not foamed, particularly not foamed.
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[0057] Where the closure obtained by the method according to the present disclosure is foamed, 

it is advantageous that the cell size and/or cell distribution in the foam, particularly in the core 

member, are substantially uniform throughout the entire length and/or diameter of the foamed 

material, particularly of the core member. In this way closures with substantially uniform 

properties, such as, for example OTR, compressibility and compression recovery, can be 

obtained.

[0058] It is further advantageous according to the present disclosure that the foam is further 

defined as being substantially closed cell foam. In particular, the core member is exemplarily 

defined as comprising substantially closed cells. Closed cell foams are generally defined as 

comprising pores, also referred to as cells, which are substantially not interconnected with each 

other. Closed cell foams have higher dimensional stability, lower moisture absorption 

coefficients, and higher strength compared to open-cell-structured foams.

[0059] In order to assure that the core member of the closure possesses inherent consistency, 

stability, functionality and capability of providing long-term performance, the cell size of the 

foamed core material is particularly substantially homogeneous throughout its entire length and 

diameter. The foam is thus particularly further defined as having a cell size characterized by a 

range of from about 0.025 mm minimum to about 0.5 mm maximum, in particular from about 

0.05 mm minimum to about 0.35 mm maximum. The cell size is measured according to standard 

test methods known to the skilled person.

[0060] In order to control the cell size of the continuous, elongated length of material and 

therefore the cell size in the core member of the closure, and attain the desired cell size detailed 

above, a nucleating agent can be employed. In a particular embodiment, it has been found that by 

employing a nucleating agent selected from the group consisting of calcium silicate, talc, clay, 

titanium oxide, silica, barium sulfate, diatomaceous earth, and mixtures of citric acid and sodium 

bicarbonate, the desired cell density and cell size is achieved.

[0061] As is well known in the industry, a blowing agent can be employed in forming extruded 

foam plastic material. In the present disclosure, a variety of blowing agents can be employed
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during the extruded foaming process whereby core member is produced. Typically, either 

physical blowing agents or chemical blowing agents are employed. Suitable blowing agents that 

have been found to be efficacious in producing the core member of the present disclosure 

comprise one or more selected from the group consisting of: aliphatic hydrocarbons having 1-9 

carbon atoms, halogenated aliphatic hydrocarbons having 1-9 carbon atoms and aliphatic 

alcohols having 1-3 carhop atoms. Aliphatic hydrocarbons include methane, ethane, propane, n- 

butane, isobutane, n-pentane, isopentane, neopentane, and the like. Among halogenated 

hydrocarbons and fiuorinated hydrocarbons they include, for example, methylfluoride, 

perfluoromethane, ethyl fluoride, 1,1-difluoroethane (HFC-152a), 1,1,1-trifluoroethane (HFC- 

430a), 1,1,1,2-tetrafluoroethane (HFC-134a), pentafluoroethane, perfluoroethane, 2,2- 

difluoropropane, 1,1,1-trifluoropropane, perfluoropropane, perfluorobutane,

perfluorocyclobutane. Partially hydrogenated chlorocarbon and chlorofluorocarbons for use in 

this disclosure include methyl chloride, methylene chloride, ethyl chloride, 1,1,1-trichlorethane, 

1,1-dichlorol-fluoroethane (HCFC-141b), l-chlorol,l-difluoroethane (HCFC-142b), 1,1- 

dichloro-2,2,2-trifluoroethane (HCFC-123) and 1-chloro-1,2,2,2-tetrafluoroethane (HCFC-124). 

Fully halogenated chlorofluorocarbons include trichloromonofluoromenthane (CFC11), 

dichlorodifluoromenthane (CFC-12), trichlorotrifluoroethane (CFC-113),

dichlorotetrafluoroethane (CFC-114), chloroheptafluoropropane, and

dichlorohexafluoropropane. Fully halogenated chlorofluorocarbons are not preferred due to their 

ozone depiction potential. Aliphatic alcohols include methanol, ethanol, n-propanol and 

isopropanol. Chemical blowing agents include azodicarbonamic, azodiisobutyro-nitride, 

benzenesulfonhydrazide, 4,4-oxybenzene sulfonylsemicarb azide, p-toluene

sulfonylsemicarbazide, barium azodicarboxlyate, N,N'-Dimethyl-N,N'-dinitrosoterephthalamide, 

trihydrazinotriazine, and hydrocerol.

[0062] In a particular embodiment, inorganic (or physical) blowing agents are used in making 

the foamed material according to the method according to the present disclosure. Examples of 

inorganic blowing agents include carbon dioxide, water, air, helium, nitrogen and argon. Carbon 

dioxide is a particularly useful blowing agent.
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[0063] According to another exemplary embodiment of the method according to the present 

disclosure, in order to produce the desired product, the blowing agent may be incorporated into 

the plastic melt in a quantity ranging from about 0.005% to about 10% by weight of the weight 

of the plastic material.

[0064] In an exemplary aspect according to the method according to the present disclosure that 

the synthetic bottle closure of the present disclosure comprises, as its principal component, a core 

member which is formed from extruded, foamed, plastic polymers, copolymers, or 

homopolymers, or blends thereof. Although any known foamable plastic material can be 

employed in the extrusion process for developing the bottle closure of the present disclosure, the 

plastic material must be selected for producing physical properties similar to natural cork, so as 

to be capable of providing a synthetic closure for replacing natural cork as a closure for wine 

bottles. By way of example, the plastic material for the core member can be a closed cell plastic 

material.

[0065] According to an exemplary aspect of the method of the present disclosure, therefore, said 

continuous, elongated, substantially cylindrically shaped length of a material comprises at least 

one thermoplastic polymer selected from the group consisting of polyethylenes, metallocene 

catalyst polye±ylenes, polybutanes, polybutylenes, polyurethanes, silicones, vinyl-based resins, 

thermoplastic elastomers, polyesters, ethylenic acrylic copolymers, ethylene-vinyl-acetate 

copolymers, ethylene-methyl-acrylate copolymers, thermoplastic polyurethanes, thermoplastic 

olefins, thermoplastic vulcanizates, flexible polyolefins, fluorelastomers, fluoropolymers, 

polyethylenes, polytetrafiuoroethylenes, and blends thereof, ethylene-butyl-acrylate copolymers, 

ethylene-propylene-rubber, styrene butadiene rubber, styrene butadiene block copolymers, 

styrene block copolymers, ethylene-ethyl-acrylic copolymers, ionomers, polypropylenes, and 

copolymers of polypropylene and copolymerizable ethylenically unsaturated comonomers, olefin 

block copolymers and mixtures thereof. If a polyethylene is employed, in an exemplary aspect of 

the method disclosed herein the polyethylene comprises one or more polyethylenes selected from 

the group consisting of high density, medium density, low density, linear low density, ultra high 

density, and medium low density polyethylenes. Particularly useful plastic materials for the core

1270-018P



-20-

20
13

20
46

63
 

12
 A

pr
 2

01
3

element can be polyethylene, in particular LDPE, and/or ethylene-vinyl-acetate copolymer 

(EVA).

[0066] According to another embodiment of the method according to the present disclosure, one 

or more fatty acid derivatives can be added to the polymer composition which is used to prepare 

the continuous, elongated, substantially cylindrically-shaped length of a material in method step 

A.. The continuous, elongated, substantially cylindrically-shaped length of a material, or core 

member, then further comprises a fatty acid derivative or mixtures thereof. Examples of 

exemplary fatty acid derivatives according to the present disclosure are fatty acid esters or fatty 

acid amides such as stearamides. The addition of at least one fatty acid derivative to the polymer 

composition of the synthetic closure imparts superior properties to the synthetic closure. In 

particular, it has been found that the oxygen transfer rate of the closure can be reduced 

substantially, thus further reducing unwanted oxidation of wine. In addition, it has been found 

that the use of a fatty acid derivative additive does not have a negative impact on the 

performance characteristics of synthetic corks such as extraction force, ovality control, diameter 

control and length control. In order to impart the desired OTR reducing effect to the closure, the 

fatty acid derivative, if present, is used according to an exemplary aspect of the present 

disclosure in a concentration from about 0.01 wt.% to about 10 wt.%, in particular from about 

0.1 wt.% to about 5 wt.%, more particularly from about 1 wt.% to about 3 wt.%, based on the 

total weight of thermoplastic polymer.

[0067] Regardless of the foamable plastic material selected for forming the continuous, 

elongated, substantially cylindrically shaped length of a material, in a further exemplary 

embodiment of the method according to the present disclosure, said continuous, elongated, 

substantially cylindrically shaped length of a material is further defined as comprising a density 

ranging from about 100 kg/m3 to about 600 kg/m3. Although this density range has been found to 

provide an effective core member, according to an exemplary aspect of the present disclosure the 

density ranges from about 100 kg/m3 to about 500 kg/m3, in particular from about 150 kg/m3 to 

about 420 kg/m3, more particularly from about 200 kg/m3 to about 350 kg/m3.
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[0068] In another exemplary aspect of the method according to the present disclosure, said 

continuous, elongated, substantially cylindrically shaped length of a material is further defined as 

comprising closed cells having an average cell size ranging from about 0.02 millimeters to about 

0.50 millimeters, and/or a cell density ranging from about 8,000 cells/cm3 to about 25,000,000 

cells/cm3. Although this cell configuration has been found to produce a highly effective product, 

it has been found that even more advantageous products comprise an average cell size ranging 

from about 0.05 mm to about 0.35 mm, and/or a cell density ranging from about 10,000 cells/cm3 

to about 8,000,000 cells/cm3.

[0069] According to an exemplary' aspect of the present disclosure said at least one peripheral 

layer is further defined as comprising one selected from the group consisting of foamed plastics 

and non-foamed plastics, advantageously having a substantially greater density than the core 

member, in order to impart desired physical characteristics to the synthetic bottle closure of the 

present disclosure. In particular, the composition employed for the at least one peripheral layer is 

particularly selected to withstand the compression forces imposed thereon by the jaws of the 

corking machine. However, many different polymers, as detailed herein, are able to withstand 

these forces and, as a result, can be employed for the at least one peripheral layer.

[0070] In exemplary aspects of the method according to the present disclosure, the at least one 

peripheral layer comprises one or more materials selected from foamable thermoplastic 

polyurethanes, non-foamable thermoplastic polyurethanes, thermoplastic polyolefins, 

thermoplastic vulcanizates, EPDM rubber, polyolefins, particularly flexible polyolefins, 

particularly polyethylenes and polypropylenes, particularly metallocene polyethylenes and 

polypropylenes, fluoroelastomers, fluoropolymers, fluorinated polyolefins, particularly partially 

fluorinated or perfluorinated polyethylenes, particularly polytetrafluoroethylenes, olefin block 

copolymers, styrene block copolymers, for example styrene butadiene block copolymers, 

thermoplastic elastomers, polyether-type polyurethanes and mixtures or blends thereof. 

Particular examples of the plastic material for the at least one peripheral layer are polyethylene, 

polypropylene, EPDM rubber, styrene block copolymers, and mixtures or blends thereof. If 

desired, the at least one peripheral layer can be formed from a transparent material. Furthermore,
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the material selected for the at least one peripheral layer may be different from that of the core 

member.

[0071] In order to form synthetic bottle closures with all of the desirable inherent physical and 

chemical properties detailed above, it has been found advantageous to comprise metallocene 

catalyst polyethylene in at least one peripheral layer. As detailed herein, at least one peripheral 

layer may comprise substantially metallocene catalyst polyethylene as single component or, if 

desired, the metallocene catalyst polyethylene may be combined with one or more thermoplastic 

elastomers, particularly with one or more thermoplastic elastomers as detailed above. In this 

regard, it has been found advantageous that at least one peripheral layer particularly comprises 

one or more polyethylenes selected from the group consisting of medium density polyethylenes, 

medium low density polyethylenes, and low density polyethylenes in an amount in the range of 

from about 5% to about 100% by weight, particularly in the range of from about 15% to about 

95% by weight, particularly in the range of from about 25% to about 90% by weight, based upon 

the weight of the entire composition

[0072] A formulation which has been found to be highly effective in providing a peripheral layer 

comprises at least one styrene block copolymer. Suitable styrene block copolymers which come 

into consideration can be selected from the group consisting of styrene ethylene butadiene 

styrene block copolymers, styrene ethylene butylene styrene block copolymers, styrene ethylene 

butylene block copolymers, styrene butadiene styrene block copolymers, styrene butadiene block 

copolymers, styrene isobutylene block copolymers, styrene isoprene styrene block copolymers, 

styrene isoprene block copolymers, styrene ethylene propylene styrene block copolymers, 

styrene ethylene propylene block copolymers and combinations of two or more thereof. In 

particular aspects of the present disclosure, the at least one styrene block copolymer is selected 

from the group consisting of styrene ethylene butadiene styrene block copolymers, styrene 

ethylene butylene styrene block copolymers, styrene ethylene propylene styrene block 

copolymers, styrene ethylene propylene block copolymers and combinations of two or more 

thereof. Examples of commercially available styrene block copolymers according to the present 

disclosure are SBS, SIS, SEBS, SIBS, SEPS, SEEPS, MBS, which are available, for example 

under the trade names Styroflex® and Styrolux® (BASF Corporation of Wyandotte, Mich., USA),
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Septon® (Kuraray America, Inc., Houston, Texas, USA), Maxelast® TPE (Nantong Polymax 

Elastomer Technology Co., Ltd), GLOBALPRENE® Polymers (LCY Chemical Corporation), 

Elexar® and Monprene® (Teknor Apex Company), Elastocon® series (Elastocon TPE 

Technologies, Inc,), TPR (Washington Penn), Evoprene™ (Alpha Gary), Versafiex®, OnFIex®, 

Versalloy®, Versollan®, Dynaflex® (GLS Thermoplastic Elastomers), Sevrene™ (Vichem 

Corporation), Vector™ (Dexco Polymers LP), Calprene® and Solprene® (Dynasol), Multiflex® 

TEA and Multiflex® TPE (Multibase, Inc,), Europrene® Sol T (Polimeri Europe), Sunprene™ 

(PolyOne), Leostomer® (Riken Technos Corporation), RTP 2700 and 6000 series (RTP), 

Invision® (A. Schulman), Dryflex® (VTC Elastotechnik), Quintac® (Zeon), Megol® and Raplan® 

(API spa), Asaprene™ and Tufprene™ (Asahi Kasei), Thermolast® (Kraiburg TPE GmbH & 

Co. KG, Waldkraiberg, Germany) or Kraton®, for example Kraton® D, Kraton® G or Kraton® FG 

(Kraton Polymers, Houston, Texas, USA).

[0073] Another formulation which has been found to be highly effective in providing a 

peripheral layer comprises at least one thermoplastic vulcanizate.

[0074] Ano±er formulation which has been found to be highly effective in providing a 

peripheral layer which provides at least one, particularly more than one, particularly almost all or 

even all physical and chemical attributes to attain a commercially viable closure comprises at 

least one of at least one polyether-type thermoplastic polyurethane and at least one olefin block 

copolymer or a blend of at least two thereof.

[0075] Each of the materials disclosed as suitable for a peripheral layer can be used alone or in 

combination with one or more of these materials. By employing this material or these materials 

and forming the material or the materials in peripheral, surrounding, bonded engagement with 

any desired foamed core member, a highly effective, multi-layer closure is attained which is able 

to provide at least one, particularly more than one, particularly almost all or even all properties 

suitable for a wine bottle closure.

[0076] In an exemplary construction of this embodiment, the particular polyether-type 

thermoplastic polyurethane employed for forming the at least one peripheral layer comprises
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Elastollan® LP9162, manufactured by BASF Corporation of Wyandotte, Mich. (US). This 

compound has been found to produce an outer layer in combination with the core member which 

provides at least one, particularly more than one, particularly almost all or even all of the 

physical and chemical characteristics suitable for attaining a highly effective closure for the wine 

industry.

[0077] In another exemplary aspect of the present disclosure, the peripheral layer comprises 

thermoplastic vulcanizates (TPV). Such thermoplastic vulcanizates are well known in the art and 

are commercially available, for example, under the tradename Santoprene® from ExxonMobil 

Chemical Company of Houston, Texas (US), Sarlink® from Teknor Apex B.V., Geleen (NL) or 

OnFlex® from PolyOne Inc. of Avon Lake, Ohio (US).

[0078] In addition to employing the polyether-type thermoplastic polyurethane detailed above, 

another composition that has been found to be highly effective in providing at least one, 

particularly more than one, particularly almost all or even all of the desirable attributes for at 

least one peripheral layer is a blend of at least one polyolefin, particularly at least one 

thermoplastic polyolefin and at least one thermoplastic vulcanizate. In the exemplary aspect, the 

blend of at least one thermoplastic polyolefin and at least one thermoplastic vulcanizate 

comprises the thermoplastic polyolefin in an amount in the range of from about 10% to about 

90% by weight, particularly in an amount in the range of from about 20% to about 80% by 

weight, particularly in an amount in the range of from about 30% to about 70% by weight, 

particularly in an amount in the range of from about 40% to about 60% by weight, based upon 

the weight of the entire composition of and the thermoplastic vulcanizate in an amount in the 

range of from about 90% to about 10% by weight, particularly in an amount in the range of from 

about 80% to about 20% by weight, particularly in an amount in the range of from about 70% to 

about 30% by weight, particularly in an amount in the range of from about 60% to about 50% by 

weight, based upon the weight of the entire composition. The construction of a closure using a 

peripheral layer formed from this blend provides a closure which is highly suitable for use as a 

wine bottle closure.

1270-018P



-25-

20
13

20
46

63
 

12
 A

pr
 2

01
3

[0079] A further composition that has been found to be highly effective in providing at least one, 

particularly more than one, particularly almost all or even all of the desirable attributes for at 

least one peripheral layer is a blend of at least one polyolefin, particularly at least one 

thermoplastic polyolefin, and at least one styrene block copolymer, or a blend of at least one 

thermoplastic vulcanizate and at least one styrene block copolymer, In the exemplary aspect, the 

blend of at least one polyolefin or at least one thermoplastic vulcanizate and at least one styrene 

block copolymer comprises the polyolefin or the thermoplastic vulcanizate in an amount in the 

range of from about 5% to about 95% by weight, or in an amount in the range of from about 20% 

to about 80% by weight, or in an amount in the range of from about 30% to about 70% by 

weight, or in an amount in the range of from about 40% to about 60% by weight, based upon the 

weight of the entire composition of and the styrene block copolymer in an amount in the range of 

from about 95% to about 5% by weight, particularly in an amount in the range of from about 

80% to about 20% by weight, particularly in an amount in the range of from about 70% to about 

30% by weight, particularly in an amount in the range of from about 60% to about 40% by 

weight, based upon the weight of the entire composition. Exemplary weight ratios of styrene 

block copolymer to polyolefin or thermoplastic vulcanizate are about 95:5, about 90:10, about 

85:15, about 80:20, about 75:25, about 70:30, about 65:35, about 60:40, about 55:45, about 

50:50, based on the total weight of styrene block copolymer and polyolefin or styrene block 

copolymer and thermoplastic vulcanizate. The construction of a closure using a peripheral layer 

formed from this blend provides a closure which is highly suitable for use as a wine bottle 

closure.

[0080] In a further alternate embodiment, a highly effective closure is attained by employing at 

least one of at least one metallocene catalyst polyethylene and at least one olefin block 

copolymer, either independently or in combination with at least one selected from the group 

consisting of low density polyethylenes, medium density polyethylenes, and medium low density 

polyethylenes. In this embodiment, these materials are particularly employed for both core 

member and peripheral layer.

[0081] Still further additional compounds which have been found to provide highly effective 

peripheral layers for forming closures, in accordance with the present disclosure, comprise
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Teflon®, fluoroelastomeric compounds and fluoropolymers. These compounds, whether 

employed individually or in combination with each other or with the other compounds detailed 

above have been found to be highly effective in producing a peripheral layer which is capable of 

providing at least one, particularly more than one, particularly almost all or even all of the 

properties making it suitable for synthetic bottle closures.

[0082] Any of the compounds detailed herein for providing the at least one peripheral layer can 

be employed alone or in combination with each other, using the extrusion processes detailed 

above to produce a peripheral layer which is securely and integrally bonded to the core member 

and/or to a different peripheral layer, as a foamed outer layer or a non-foamed outer layer, or as 

an intermediate layer.

[0083] Depending upon the sealing process to be employed for inserting the synthetic closure 

produced by the method of the present disclosure in a desired bottle, additives, such as slip 

additives, lubricating agents, and sealing compounds may be incorporated into at least one outer, 

peripherally surrounding layer of the synthetic closure produced by the method of the present 

disclosure, for example to provide lubrication of the synthetic closure during the insertion 

process. In addition, other additives typically employed in the bottling industry may also be 

incorporated into the synthetic closure produced by the method of the present disclosure for 

improving the sealing engagement of the synthetic closure with the bottle as well as reducing the 

extraction forces necessary to remove the synthetic closure from the bottle for opening the bottle.

[0084] The at least one peripheral layer, particularly the outer peripheral layer is particularly 

formed with a thickness and/or a density which are capable of imparting desired physical 

characteristics, such as resistance to bottling conditions, to the closure produced by the method 

of the present disclosure. The at least one peripheral layer, particularly the outer peripheral layer 

is, in particular, formed with a substantially greater density than the inner core and/or with a 

selected thickness.

[0085] Accordingly, said at least one peripheral layer is particularly further defined as 

comprising a thickness ranging from about 0.05 mm to about 5 mm. Although this range has
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been found to be efficacious for producing a closure which is completely functional and achieves 

all of the desired goals, the exemplary aspect for wine bottles particularly comprises a thickness 

ranging from about 0.1 mm to about 2 mm, whereby exemplary lower limits for the thickness are 

about 0.05 mm, about 0.06 mm, about 0.07 mm, about 0.08 mm, about 0.09 mm, about 0.1 mm, 

about 0.2 mm, about 0.3 mm, about 0.4 mm or about 0.5 mm and exemplary upper limits for the 

thickness are about 1 mm, about 2 mm, about 3 mm, about 4 mm, or about 5 mm. The exemplary 

thickness of the at least one peripheral layer can be selected according to criteria such as, for 

example, the composition, physical properties and/or density of the material of the at least one 

peripheral layer, and the desired properties of the at least one peripheral layer.

[0086] The method according to the present disclosure particularly provides a peripheral layer 

with a tough, score and mar resistant surface. In this respect, it is advantageous according to this 

aspect of the method according to the present disclosure that said at least one peripheral layer is 

further defined as comprising a tough, score and mar resistant surface and/or a density ranging 

from about 300 kg/m3 to about 1,500 kg/m3, more particularly from about 505 kg/m3 to about 

1250 kg/m3, and most particularly from about 750 kg/m3 to about 1100 kg/m3.

[0087] It has also been discovered that further additional additives may be incorporated into 

either the core member and/or the at least one peripheral layer of the synthetic closure according 

to the present disclosure in order to provide further enhancements and desirable performance 

characteristics. These additional additives incorporate antimicrobial agents, antibacterial 

compounds, and or oxygen scavenging materials. Suitable additives are known to the person 

skilled in the art. The antimicrobial and antibacterial additives can be incorporated into the 

closure to impart an additional degree of confidence that in the presence of a liquid the potential 

for microbial or bacterial growth is extremely remote. These additives have a long-term time 

release ability and further increase the shelf life without further treatments by those involved 

with the bottling of wine.

[0088] As discussed above, intimate bonded interengagement of the at least one peripheral layer 

to the continuous, elongated, substantially cylindrically shaped length of a material is 

advantageous for providing a synthetic bottle closure capable of being used in the wine industry.
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In this regard, although it has been found that the methods detailed above provide secure intimate 

bonded interengagement of the at least one peripheral layer to the continuous, elongated, 

substantially cylindrically shaped length of a material, alternative layers or bonding chemicals 

can be employed, depending upon the particular materials used for forming the continuous, 

elongated, substantially cylindrically shaped length of a material and the at least one peripheral 

layer.

[0089] If desired, bonding agents or tie layers known to the skilled person can be employed on 

the outer surface of the continuous, elongated, substantially cylindrically shaped length of a 

material in order to provide secure intimate bonded interengagement of the at least one 

peripheral layer therewith. If a tie layer is employed, the tie layer would effectively be interposed 

between the continuous, elongated, substantially cylindrically shaped length of a material and the 

at least one peripheral layer to provide intimate bonded interengagement by effectively bonding 

the peripheral layer and the continuous, elongated, substantially cylindrically shaped length of a 

material to the intermediately positioned tie layer. However, regardless of which process or 

bonding procedure is employed, all of these alternate embodiments are within the scope of the 

present disclosure. If more than one peripheral layer is present, such bonding agents or tie layers 

can similarly be employed between respective peripheral layers.

[0090] In addition, the closures obtained by the method of the present disclosure may also 

comprise decorative indicia such as letters, symbols, colors, graphics, and wood tones printed on 

at least one peripheral layer and/or one of the substantially flat terminating surfaces forming the 

opposed ends of said closure or stopper. Printing of these indicia can be performed in-line, 

during production of the closure or in a separate step after the closure has been manufactured. 

Accordingly, the method of the present disclosure may comprise a further step of printing on at 

least one of the peripheral layer and the substantially flat terminating surfaces forming the 

opposed ends of said closure or stopper. If a decorative printing or layer is present on one or both 

of the substantially flat terminating surfaces, the decorative layer generally only partially visually 

covers the cut face, so even with an end-printed product the method disclosed herein still results 

in a closure which has a visual appearance similar to natural cork.
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[0091] A contribution to solving at least one of the above-mentioned needs is also made by a 

closure that is obtainable by a method according to the present disclosure. The closure according 

to the present disclosure is particularly a synthetic closure, whereby all details given above for 

the method according to the present disclosure also apply to the closure according to the present 

disclosure.

[0092] A contribution to solving at least one of the above-mentioned needs is also provided by 

the use of a knife blade comprising at least one cutting edge region having a discontinuous 

cutting edge in the manufacture of a closure for a product-containing container constructed for 

being inserted and retained in a portal forming the neck of the container for sealingly closing the 

container. The knife blade particularly comprises the features as described herein with respect to 

the method according to the present disclosure.

[0093] By using a method in accordance with the present disclosure, a closure can be realized 

which is capable of providing at least one, particularly more than one, particularly almost all or 

even all of the needs imposed thereupon by the wine industry, as well as any other bottle 

closure/packaging industry. As a result, a synthetic bottle closure can be attained that can be 

employed for completely sealing and closing a desired bottle for securely and safely storing the 

product retained therein, optionally with desired markings and/or indicia printed thereon.

[0094] The present disclosure accordingly comprises an article of manufacture possessing the 

features, properties, and relation of elements which will be exemplified in the article herein 

described, and the scope of the present disclosure will be indicated in the claims.

THE DRAWINGS

[0095] For a fuller understanding of the nature and objects of the present disclosure herein 

described, reference should be had to the following detailed description taken in connection with 

the accompanying drawings, in which:
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[0096] FIGURE 1 is a perspective view of a synthetic closure according to an aspect of the 

present disclosure;

[0097] FIGURE 2 is a cross sectional-side elevation of a synthetic closure according to an 

aspect of the present disclosure.

[0098] FIGURE 3 is an exemplary illustration of a knife blade with serrations according to an 

aspect of the present disclosure.

[0099] FIGURE 4 is an exemplary illustration of a dual knife blade with serrations according 

to an aspect of the present disclosure.

[00100] FIGURE 5 illustrates a detail of the cutting edge region of a knife blade 

according to an aspect of the present disclosure.

[0100] FIGURE 6 illustrates a cross-sectional side elevation of a cutting edge region of a 

knife blade according to an aspect of the present disclosure.

[0101] FIGURE 7 is a schematic representation of a cutting area according to an aspect of the 

present disclosure.

[0102] FIGURE 8 is a schematic representation of a cutting area according to a further aspect 

of the present disclosure.

[0103] FIGURE 9 shows (A) an end face and (B) a printed end face of a synthetic closure 

made by a method according to an aspect of the present disclosure.

DETAILED DESCRIPTION

[0104] By referring to FIGURES 1 to 9, along with the following detailed disclosure, the 

construction and production method for the synthetic closures of the present disclosure can best 

be understood. In these Figures, as well as in the following detailed disclosure, the synthetic 

closure of the present disclosure, and its method of production, is depicted and discussed as a 

bottle closure for wine products. However, as detailed above, the present disclosure, in 

particular the closure obtainable by the disclosed method, is applicable as a synthetic closure for 

use in sealing and retaining any desired product in any desired closure system. However, due to 

the stringent and difficult demands placed upon closures for wine products, the following 

detailed disclosure focuses upon the applicability of the synthetic bottle closures of the present
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disclosure as a closure for wine bottles. However, it is to be understood that this detailed 

discussion is provided merely for exemplary purposes and is not intended to limit the present 

disclosure to this particular application and embodiment.

[0105] In FIGURES 1 and 2, the exemplary construction of a synthetic closure 20 is depicted 

comprising a generally cylindrical shape formed by core member 22 and peripheral layer 24 

which peripherally surrounds and is intimately bonded to core member 22. In the exemplary 

aspect, core member 22 comprises a substantially cylindrically shaped surface 26, terminating 

with substantially flat end surfaces 27 and 28. Whereas such layered structure is generally 

considered advantageous, it should be appreciated that the closures obtained by the method of 

the present disclosure are not restricted to such layered products. It should be noted, however, 

that the synthetic closure of the present disclosure may also comprise only one single component 

(e.g. a foamed, partially foamed or unfoamed cylindrically shaped body made from 

thermoplastic material) without any additional layers. Whenever applicable, the following 

detailed description of a synthetic closure having a layered structure, i.e. a core member and a 

peripheral layer, shall also apply to such single component synthetic closures and to multilayer 

closures having more than one peripheral layer.

[0106] In an exemplary aspect, peripheral layer 24 is intimately bonded directly to core member 

22, peripherally surrounding and enveloping surface 26 of core member 22. Peripheral layer 24 

incorporates exposed surface 29, which comprises a substantially cylindrical shape and forms the 

outer surface of synthetic bottle closure 20 of the present disclosure, along with surfaces 27 and 

28 of the substantially fiat terminating ends.

[0107] In order to assist in assuring entry of synthetic bottle closure 20 into the portal of the 

bottle into which closure 20 is inserted, terminating edge 31 of peripheral layer 24 may be 

beveled or chamfered. Similarly, terminating edge 32 of peripheral layer 24 also may comprise a 

similar bevel or chamfer. Although any desired bevel or chamfered configuration can be 

employed, such as a radius, curve, or flat surface, it has been found that merely cutting ends 31 

and 32 with an angle of about 45° or about 60° the desired reduced diameter area is provided for 

achieving the desired effect.
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[0108] By incorporating chamfered or beveled ends 31 and 32 on synthetic bottle closure 20, 

automatic self-centering is attained. As a result, when synthetic bottle closure 20 is compressed 

and ejected from the compression jaws into the open bottle for forming the closure thereof, 

synthetic bottle closure 20 Is automatically guided into the bottle opening, even if the clamping 

jaws are slightly misaligned with the portal of the bottle. By employing this configuration, 

unwanted difficulties in inserting bottle closure 20 into any desired bottle are obviated. However, 

in applications which employ alternate stopper insertion techniques, chamfering of ends 31 and 

32 may not be needed. Further, in order to facilitate the insertion of the closure into the bottle 

neck, the outer surface can fully or partly be coated with suitable lubricants, in particular with 

silicones. Coating with lubricants such as silicones can be effected by a variety of techniques 

known in the art, including tumbling and/or extrusion coating.

[0109] In order to produce the attributes suitable for use in the wine industry, core 22 is formed 

from foam plastic material using a continuous extrusion process. Although other prior art 

systems have employed molded foamed plastic material, these processes have proven to be more 

costly and incapable of providing a final product with the attributes of the present disclosure.

[0110] FIGURE 3 shows schematically an exemplary configuration of a knife blade 40 having 

one cutting edge region 41 according to an aspect of the disclosure. Knife blade 40 has rake 

angle a and blade grind β (shown in FIGURE 6). Rake angle a results in knife blade 40 having a 

shorter side 48 and a longer side 49. Cutting edge region 41 is located in tapered edge region 42. 

Cutting edge region 41 comprises notches 50 separated from each other by cutting edge portions 

45. Notches 50 have pitch 51, depth 52 (not shown) and width 53 (not shown). FIGURE 6 

provides a detailed view of a portion of cutting edge region 41.

[0111] FIGURE 4 shows schematically an exemplary configuration of a dual knife blade 80 

having two cutting edge regions 41 according to an aspect of Lhe disclosure. Knife blade 80 has 

intersection angle γ formed by the intersection of the two cutting edge regions 41, and blade 

grind β. Sides 88 and 89 are substantially the same length as each other. Cutting edge region 41 

is located in tapered edge region 42. Cutting edge region 41 comprises notches 50 separated from
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each other by cutting edge portions 45. Notches 50 have pitch 51, depth 52 (not shown) and 

width 53 (not shown). FIGURE 6 provides a detailed view of a portion of cutting edge region 41.

[0112] For the sake of simplicity the fixing means for fixing the knife blade 40 or the dual knife 

blade 80 to a flywheel according to an exemplary aspect of the present disclosure are not shown.

[0113] FIGURE 5 provides a detailed schematic view of a portion of a cutting edge region 41 of 

the knife hlade 40 or the dual knife blade 80. FIGURE 6 shows schematically a cross-sectional 

side elevation through the knife blade 40 or the dual knife blade 80. Cutting edge region 41 is 

located in tapered edge region 42 having taper faces 43. Taper faces 43 meet at cutting edge 44. 

Notches 50 are located at regular intervals along cutting edge 44 of cutting edge region 41, 

notches 50 being separated from each other by cutting edge portions 45. Notches 50 have pitch 

51 (shown in Figures 3 and 4), depth 52 and width 53.

[0114] FIGURE 7 depicts schematically an exemplary arrangement of cutting area 60 according 

to an aspect of the present disclosure. Continuous elongated length of material 61 passes 

continuously into cutting area 60. The knife blade 40 is mounted on flywheel 62 of flyknife 

cutter 63 (not shown) perpendicular to the central axis 64 of elongated length of material 61 and 

projects radially outwardly of radial outward extent 65 of flywheel 62. Flywheel 62 is shown as 

rotating in one direction. It is also possible for flywheel 62 to rotate in the opposing direction, 

provided that knife blade 40 is mounted in such a way that the shorter side 48 of knife blade 40 is 

the lead side. The cut lengths 66 are collected in collector 67.

[0115] FIGURE 8 depicts schematically an exemplary arrangement of cutting area 60 with a 

dual knife blade 80 according to a further aspect of the present disclosure. Continuous elongated 

length of material 61 passes continuously into cutting area 60. Knife blade 80 is mounted on 

flywheel 62 of flyknife cutter 63 (not shown) perpendicular to the central axis 64 of elongated 

length of material 61 and projects radially outwardly of radial outward extent 65 of flywheel 62. 

Flywheel 62 is shown as rotating in one direction. It is also possible for flywheel 62 to rotate in 

the opposing direction. The cut lengths 66 are collected in collector 67.
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[0116] FIGURE 9 shows schematically (A) an unprinted and (B) a printed terminating end face 

27 or 28 obtained using the method of the present disclosure. The use of knife blade 40 or of 

knife blade 80 results in a visible profile comprising stripes 71 of raised material which alternate 

with stripes 72, the raised material of stripes 71 being raised with respect to the material of 

stripes 72. The terminating end faces can comprise from 8 to 16 stripes 71, particularly from 9 to 

15 stripes 71, particularly from 10 to 14 stripes 71, more particularly from 11 to 13 stripes 71.

[0117] In order to demonstrate the efficacy of the present disclosure, samples of synthetic bottle 

closures 20, manufactured in accordance with the present disclosure and having a foamed core 

member and a solid peripheral layer were produced and tested.

[0118] Test Methods

[0119] The tests for extraction force and compression recovery were carried out on a random 

sample selection according to the methods described in WO 03/018304 Al.

[0120] The sample products were produced on conventional co-extrusion equipment. Core 

member 22 was produced by employing low density polyethylene (LDPE) using an inert gas as 

physical blowing agent. The degree of foaming was adjusted so as to produce samples having a 

density of 261 kg/m3, respectively. In forming peripheral layer 24, a mixture of EPDM and PP 

and metallocene PE was employed. In the forming process, peripheral layer 24 was formed in the 

extrusion equipment peripherally surrounding core member 22 and being intimately bonded 

thereto. The resulting products were cut according to the present disclosure, exemplified in 

Figure 7 or Figure 8 using a knife blade according to the present disclosure as shown in Figures

3-6, into lengths suitable for forming bottle closure 20, followed by a chamfer being formed in 

edges 31 and 32. The resulting closures had a diameter of 22,5 mm or of 23 mm and a length of 

44 mm, The samples were then subjected to a Mocon test (OTR measurement system using 

100 % oxygen) in order to determine the oxygen transfer rate of the closure. The samples were 

also tested for the properties of extraction force and diameter recovery. As control, samples cut 

using a knife blade having a continuous cutting edge were subjected to tire same tests. The 

results of the OTR measurements and the tests are shown in Table 1,
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Table 1

Comparative Closure Exemplary Closure
OTR (cm3 OVkg/day 0.017 0.018

Extraction Force (N):

1 day 265.5 252.5

7 days 285,5 261.4

30 days 264.7 278.5

Compression Recovery (%)
1 hour 95.58 95.15

1 week 95.97 95.79

2 weeks 96.26 95.72

4 weeks 96.77 96.46

[0121] The results show that the closures produced by the exemplary method are not in any way 

worsened in their properties compared to the comparative closures. Furthermore, the quality and 

ease of printing and providing decorative indicia on the terminating end surfaces of the closures 

is also not impaired in the exemplary closures,

[0122] It will thus be seen that the needs set forth above, among those made apparent from the 

preceding description, are efficiently obtained and, since certain changes may be made in 

carrying out the above method without departing from the scope of this disclosure, it is intended 

that all matter contained in the above description or shown in the accompanying drawings shall 

be interpreted as illustrative and not in a limiting sense. Furthermore, it should be understood 

that the details of the disclosure described in the foregoing detailed description are not limited to 

the specific embodiments shown in the drawings but are rather meant to apply to the present 

disclosure in general as outlined in the summary of the present disclosure and in the claims.

[0123] It is also to be understood that the following claims are intended to cover all of the 

generic and specific features of the present disclosure herein described, and all statements of the
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Claims

1. A method for producing a closure for a product containing container constructed for 

being inserted and retained in a portal forming the neck of the container for sealingly closing the 

container, said method comprising the steps of:

5 A. extruding a continuous, elongated, substantially cylindrically shaped length of a

material;

B. cutting said elongated length of material in a plane substantially perpendicular to 

the central axis of said elongated length of material using a knife blade, said knife blade 

comprising at least one cutting edge region having a discontinuous cutting edge, establishing a 

0 closure having the desired length for insertion and retention in the portal of the neck of the 

container.

2. The method of claim 1, wherein the knife blade comprises two cutting edge regions, at 

least one of which has a discontinuous cutting edge.

5

3. The method of claim 1 or claim 2, wherein said discontinuous cutting edge is formed by a 

plurality of notches along the at least one cutting edge region.

4. The method of claim 3, wherein said notches are formed by serrations on at least one face 

2 0 of the at least one cutting edge region.

5. The method of claim 3 or claim 4, wherein said notches have a pitch between adjacent 

notches of from about 0.150 to about 0.250 inches, in particular of from about 0.175 to about 

0.200 inches.

25

6. The method of any one of claims 3 to 5, wherein said notches have a width of from about 

0.010 to about 0.100 inches, in particular of from about 0.030 to about 0.070 inches.
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0.010 to about 0.100 inches, in particular of from about 0.020 to about 0.060 inches.

8. The method of any one of claims 3 to 7, wherein said notches are arranged having a

5 consistent pitch between adjacent notches.

9. The method of any one of the preceding claims, wherein said elongated length of material 

is passed through a cutting area and said knife blade is mounted for rotation through said cutting 

area with the knife blade being mounted in a plane substantially perpendicular to the central axis

0 of the elongated length of material.

10. The method of any one of the preceding claims, wherein said cutting is effected by a 

flyknife cutter and said knife blade is attached to a flywheel of said flyknife cutter.

5 11. The method of any one of the preceding claims, wherein said knife blade is attached to

the flywheel in a manner to project radially outwardly of the radial outward extent of the 

flywheel.

12. The method of any one of the preceding claims, wherein said knife blade is made of

0 stainless steel.

13. The method of any of the preceding claims, comprising, prior to step B, the following 

additional step:

A.l separately extruding at least one separate and independent peripheral layer

2 5 of plastic material in intimate bonded engagement with said continuous, elongated length of

material, said at least one separate and independent layer of plastic material peripherally 

surrounding and substantially enveloping the cylindrical surface of the continuous, elongated 

length of material and forming a multi-component elongated length of material.

3 0 14. The method of any one of the preceding claims, wherein said closure is further defined as

being a synthetic closure.
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15. The method of any one of the preceding claims, wherein said closure comprises one or 

more thermoplastic polymers.

5 16. The method of any one of the preceding claims, wherein said closure is wholly or

partially foamed.

17. The method of any one of the preceding claims, wherein the cell size and/or cell 

distribution in the foam are substantially uniform throughout the entire length and/or diameter of

0 the foamed material.

18. The method of claim 15 or claim 16, wherein the foam is further defined as being 

substantially closed cell foam.

5 19. The method of any one of the preceding claims, wherein the foam is further defined as

having a cell size characterized by a range of from about 0.025 mm minimum to about 0.5 mm 

maximum, in particular from about 0.05 mm minimum to about 0.35 mm maximum.

20. The method of any one of the preceding claims, wherein said continuous, elongated,

0 substantially cylindrically shaped length of a material comprises at least one thermoplastic 

polymer selected from the group consisting of polyethylenes, metallocene catalyst polyethylenes, 

polybutanes, polybutylenes, polyurethanes, silicones, vinyl-based resins, thermoplastic 

elastomers, polyesters, ethylenic acrylic copolymers, ethylene-vinyl-acetate copolymers, 

ethylene-methyl-acrylate copolymers, thermoplastic polyurethanes, thermoplastic olefins,

2 5 thermoplastic vulcanizates, flexible polyolefins, fluorelastomers, fluoropolymers, polyethylenes,

polytetrafluoroethylenes, and blends thereof, ethylene-butyl-acrylate copolymers, ethylene- 

propylene-rubber, styrene butadiene rubber, styrene butadiene block copolymers, styrene block 

copolymers, ethylene-ethyl-acrylic copolymers, ionomers, polypropylenes, and copolymers of 

polypropylene and copolymerizable ethylenically unsaturated comonomers, olefin block

3 0 copolymers and mixtures thereof.
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substantially cylindrically shaped length of a material is further defined as comprising a density 

ranging from about 100 kg/m to about 600 kg/m or as comprising a density ranging from about 

200 kg/m3 to about 350 kg/m3

5

22. The method of any one of the preceding claims, wherein said continuous, elongated, 

substantially cylindrically shaped length of a material is further defined as comprising closed 

cells having an average cell size ranging from about 0.02 millimeters to about 0.50 millimeters 

and/or a cell density ranging from about 8,000 cells/cm to about 25,000,000 cells/cm , or as

0 comprising an average cell size ranging from about 0.05 mm to about 0.35 mm and/or a cell
3 3density ranging from about 10,000 cells/cm to about 8,000,000 cells/cm .

23. The method of any one of claims 13 to 22, wherein said at least one peripheral layer is 

further defined as comprising one selected from the group consisting of foamed plastics and non-

5 foamed plastics.

24. The method of any one of claims 13 to 23, wherein said at least one peripheral layer is 

further defined as comprising one or more compounds selected from the group consisting of 

foamable or non-foamable thermoplastic polyurethanes, thermoplastic olefins, thermoplastic

0 vulcanizates, EPDM rubber, flexible polyolefins, fluoroelastomers, fluoropolymers, 

polyethylenes, polytetrafluoroethylenes, olefin block copolymers, styrene block copolymers, and 

blends thereof.

25. The method of any one of claims 13 to 24, wherein said at least one peripheral layer is

2 5 further defined as comprising a thickness ranging from about 0.05 mm to about 5 mm or as

comprising a thickness ranging from about 0.1 mm to about 2 mm.

26. The method of any one of claims 13 to 25, wherein said at least one peripheral layer is 

further defined as comprising a tough, score and mar resistant surface and/or a density ranging

3 0 from about 300 kg/m to about 1,500 kg/m or as comprising a density from about 750 kg/m to

about 1100 kg/m3.
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27. A closure that is obtained by a method of any one of claims 1 to 26.

28. A knife blade comprising at least one cutting edge region having a discontinuous cutting 

5 edge when used in the manufacture of a closure for a product containing container constructed

for being inserted and retained in a portal forming the neck of the container for sealingly closing 

the container.
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Fig.9B


