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PLASTIC CLOSURE WITH COMPRESSION
MOLDED SEALING/BARRIER LINER

The present invention is directed to plastic container closures for beverage,

food, juice, pharmaceutical and like applications, and more particularly an improved process

5 for providing closures with sealing liners having resistance to transmission of gases, water

vapor and/or flavorants (flavor scalping).

Reference is made to concurrently filed application Serial No. (Docket 17138)

entided “Plastic Closure with Compression Molded Barrier Liner” and assigned to the assignee

Tt has heretofore been proposed to provide a plastic closure for a container thar

comprises a plastic cap with an interior liner for sealing engagement with the sealing surface

For example, U.S. Patent No. 4,984,703 discloses a plastic closure that

comprises a cap having a base with a peripheral skitt and threads for securing the cap to a

container, and a sealing liner compression moided in situ to the interior of the cap base. The

sealing liner comprises a biend of ethylene vinyl acetate (EVA) and a thermoplastic elastomeric

material such as olefin or styrene-buradiene-styrene. U.S. Patent No. 5,451,360 discloses a

method and appararus for compression molding the liner in situ within the caps.

Although the closures and methods of manufacture disclosed in the noted patents

hereof.

10 Background and Objects of the Invention
of the container.

15

20

address problerns thererofore extant in the art, further improvements remain desirable. For

example, although soft olefin copolymers such as EVA are sufficiently resilient to provide
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vapor and/or flavorants (flavor scal pi ng)- Ref erence i s made
to concurrently filed application Serial No. (Docket 17138) entitled
"Plastic Cosure with Conpression Ml ded IBaSHebterasidemeJaceﬁnd assigned to the

assi gnee hereof. Background and Qbj ects -on

It has heretofore been proposed to provid ll&m sure for a
container that conprises a plastic cap w |l iner for seal I ng
engagenment with the sealing surface of the container. For exanple,

Pat ent No. 984, 703. di scl oses a pl as | c cl osur conprijses
having a B9A8 enerRe g e e Sl OF AanaiTeL Aaen A IoBRLN et tﬁ% to a
contdiner, these materials do not provide an acceptable barrier against transmission of gases
such as oxygen and carbon dioxide that can deleteriously affect the product within the
container. It has heretofore been proposed to employ a barrier material such as ethylene vtny_l
5 alcohol (EVOH) as a gas transmission barrier layer. However, materials of this character tend
to be expensive and brittle, and are not well suited 1o funu.ion as a seal. It is therefore a
general object of the present invention to provide a liner for a plastic closure that combines the
functions of a seal for engagement with the container sealing surface and an improved barrier
against gas transmission, flavor absorption (flavor scalping) and/or water vapor permeation.
10 Another and more specific object of the present invention is to provide a liner of the described
character that is of readily moldable and inexpensive composition. Yet another object of the
invention is to provide a liner that satisfies the foregoing objectives and is of clear or
Translucent construction to permit reading through the liner of printing on the closure, A
further object of the pfesent invention is to provide a method of fabricating such a liner, and
15 a plastic closure embodying such a liner.

Summary of the Invention

A plastic closure in accordance with one aspect of -the present invention
comprises a plastic cap having a base with a peripheral skirt defining the interior of the cap and
threads or other suitable means on the skirt for securing the closure o a container. A liner is

20 secured to the interior of the base. The liner consists essentially of a multiplicity of alternating
fayers of a matrix polymer and a barrier material to resist transmission of gas through the liner

parallel to the plane of the liner. The liner in the preferred embodiment of the invention is



container, and a sealing liner conpression nolded in situ to the interior
of the cap base. The sealing Iiner conprises a blend of ethylene vinyl

acetate (EVA) and a thernoplastic elastoneric nat qrh{sghee%beﬁﬁge &f i n or
styrene-but adi ene-styrene. U.S. Patent No. 5,451, 360 MBIH met hod

and apparatus for conpression nolding the liner in s caps.
Al t hough the cl osures and net hods of nmanufacture dis not ed
patents address problens theretofore extant in the art further

| mprovenent s. renaln soft ol efi

Copol yror SORERT R MEkP G I 3Py ap e eh L EEF i alig@nadng fayers of
matrix polymer and barrier materials, preferably at least thirty-three alternating layers, and
most preferably one hundred twenty-nine alternating layers,

The “matrix polymer” is a thermoplastic elastomer, a soft olefin polymer, or
5 a combination thereof. A thermoplastic elastomer is a synthetic polymer having the
processability of a thermoplastic material and the functional performance and properties of a
conventional thermoset rubber. There are six generic classes of thermoplastic elastomer
commercially available, including styrenic block, copolymers (SBC), polyolefin blends (TPO),
elastomeric alloys, thermoplastic polyurethanes (TPU), thermoplastic copolyesters and
10 thermoplastic polyamides. Thermoplastic elastomers are described beginning at page 64 in
Modern Plastics Encyclopedia Handbook, published by McGraw-Hill, 1994, the disclosure of
which is incorporated by reference. Examples of thermoplastic elastomers are styrene block
copolymers as manufactured by Shell Chemical under the trademark KRATON. These
synthetic polymers corxsist of three discrete blocks of the linear or A-B-A type: styrene. An
s elastomeric alloy is ethylene-propylene-diene terpolymer (EPDM). Another elastomeric alloy
consists of compounds of EPDM/PP and buryl rubber/PP as manufactured by Advanced
Elastomer Systems under the tradenames SANTOPRENE and TREFSIN and disclosed in U.S.
Patent Nos. 4,130,535, 4,311,628, 4,130,534 and 4,607,074. In general, thermoplastic
elastomers are characterized by a Shore A hardness of 45 to 95 and a flexural modulus of

20 30,000 to 100,000 psi.
Soft olefin polymers are thermoplastic olefins, homopolymers and copolymers

which are flexible, elastic with a Shore A hardness of less than about 100. Typical soft olefin



-2- good sealing against the sealing surface of a contai ner when the
Llosure is fastened to the container, these nmaterials do not provide an

accept abl e barriﬁfs;s‘ﬁa@ﬁia_@ﬁéenké@da&m ssion of gases such as oxygen and carbon
di oxi de t hat can ' Il af fect the product within the container. It
has heretof ore beé qﬂlwﬂFﬂum enploy a barrier material such as ethyl ene
vinyl al cohol (EBVeRsh transm ssion barrier |ayer. However,
materials of this character tend to be expensive and brittle, and are not
well suited to function as a seal. It is therefore a general object of the

present paivresrs arenmeallpceny polgethylbden ethy lem-prapylérestubere. ashylene qopelymetnasidnes
t he

blends thereof. ethylene copolymers such.as ethylene vinyl acetate, ethylene methyl acrylace
copolymers and ionomers and combinations thereof. Examples of soft olefin polymers are
alpha olefin substituted polyethylenes manufactured using single site catalyst technology (these
5 materials. are known in the art as metellocene polyethylenes); ethylene vinyl acetate (EVA)
such as manufactured by DuPont under the trademark ELVAX; polypropylene made with
single site catalyst technology known in the art as metellocene polypropylenes: syndiotactic
polypropylenes as marketed by Fina Oil and Chemical; ethylene/propylene copolymers and
styrene-ethylene ihterpolymcrs as marketed by Dow Chemical; and jonomers such as DuPont’s

10 SURLYN product line.
The marrix polymer is typically compounded with anti-oxidants, lubricants and

other stabilizing materials, as known in the art.

A “comparibilizer” is a thermoplastic that tes two other thermoplastics together
by a reactive (covalent ‘or dipole-dipole) bond or a non-reactive (chain entanglement) means.
15 Examples include maleic anhydride grafted polymers or ethylene vinyl acetate grafted
polymers such as Quanturn Chemical's PLEXAR (trademark), Mitsui Petrochemical’s
ADMER (trademark) and DuPont's BYNEL (trademark) product lines, ethylene methyl

acrylate, and ionomers.
A “barrier marterial” is a thermoplastic material that has a low gas and/or warer
20 vapor transmission rate and a high barrier to odorants and essential oils. The following
materials have gas transmission rates lower than EVA, which is an industry standard limer

material: EVOH (ethylene vinyl alcohol) such as Nippon Goshei’s SOARNOL (trademark)



functions of a seal for engagement with the container sealing surface
an inproved barrier against gas transmission, flavor mbs%mahﬁanﬁﬁdla%%
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(trademark) PA. EMS's G21 and Mitsubishi Gas’ MXD6 product lines, British Petroleum’s
BAREX (trademark) acrylonirrile product line, blends of EVOH and amorphous nylon, blends
of EVOH and an ionomer such as SURLYN (DuPont), and cyclic olefin copolymers such as
marketed by Ticona., Other suitable barrier materials are blends as disclosed in U.S. Patent
Nos. 4,977,004 and 5,064,716, and nanocomposites of EVOH or nylon and clay as disclosed
in U.S. Patent Nos. 4,472,538 and 5,552,469, the disclosures of which are incorporated herein
by reference.

Tt is cucrently preferred thar the liner also include an additive for reducing the
coefficient of friction between the liner and the sealing surface of the container. Friction
reducing additives include metal stearates, microcrystalline waxes, polyethylene glycols, fatty
acid esters and amides. These are known as “lubricants™ in the art. The preferred lubricant
is a low molecular weight fatry acid amide marerial that blooms to the exposed surface of the
polymer material upon Cooling from the melt state, thereby reducing the coefficient of friction
between the liner and the container sealing surface. Examples are: primary amides with the
general chemical structure R-CO-NH2, where R is an alkyl group; secondary amides with the
general chemical structure R-CO-NH-R'; where R, R” are alkyl groups;.seconda.ry bis-amides
with the general chemical structure R-CO-NH-A-NH-CO-R, where R, R’ are alkyl groups and
A is an alkylene group; and blends of the above materials such as in U.S. Patent No.
5,306.542. The lubricant preferably comprises about 0.5% to 1.5% of the total liner

composition by weight, most preferably about 0.5% by weight. The lubricant is preferably

and
acter
object

di ng
e

compounded into the matrix polymer material (along with any desired colorants) by the



A |5I astic closure_in-aceordance Wi th one aspect of the present
wconprises a plastic cap having a base with a peripheral

I nvention
skirt defining the
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a| ner. Aliner is secured to the interior of
t he base. The I ssentlally of a multiplicity of alternating
mer

| ayers of a matr

gas through the Ilner parallel to the plane of the liner. The |iner
preferred enbodi nent of the invention is
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material manufacturer. e amount of lubricant and/or colorant is not included in the
calculations of compositions in this application.

The barmer matenial and the matrix polymer in the liner are each in the amount
in the range of about 2% to 50% by weight. The barrier material most preferably is provided
in an amount in the range of about 6% to 35% by weight in the liner, the compatibilizer
material preferably is in the range of about 6% to 20% by weight, the balance consisting of
the matrix polymer.

In accordance with a second aspect of the present invention, a method of making
a liner for a plastic closure comprises the steps of extruding a pellet that consists of a
multiplicity of alternating layers of a matrix polymer and a barrier material that resists gas
transmission, and compression molding the peilet to form a liner disk in’ which the alternaiing
layers are .oriented generally parallel to the plane of the disk. The layers in the pellet
preferably are coextruded from inputs of barrier material, matrix polymer and compatibilizer.
These materials may Be separately extruded, or the compatibilizer may be mixed with the
barrier marterial, the matrix polymer or both prior 1o extrusion. In the preferred
implementation of the invention, the layers in the pellet are coextruded from a second input
consisting of a blend of the martrix polymer and a comparibilizer mwrial that promotes
adhesion between the material layers. The step of compression molding the liner preferably
is carried out by compression molding the liner in situ within a closure cap.

Thus, in accordance with a third aspect of the present invention, there is
provided a sealing liner for a plastic closure that comprises a disk that consists essentially of

a multiplicity of alternating layers of matrix polymer material and a barrier material that resists

and a barrier naterial to resist transm ssion of

in the



conpression nolded in situ within the cap, and includes at [east ni ne
atternating layers of matrix polyner and barrier materi 1§Shee9 ee cegt
| east thirty-three alternating | ayers, and nost prefera
twenty-nine alternating | ayers. The "matr :_;ﬂ"l
t hernopl astic el astoner, a soft olefin polymer, or a co
A thernoplastic elastonmer is a synthetic polynmer having the processabi I | ty
of a thernoplastic material and the functional perfornmance and properties
of a  conventional thernoset rubber. There are six generic classes of
t her mopl dBANswission L ewEgen WWrARENaN dipKide Bwveughahe kyersncThederlipedingr prefasaliy ock,
copol yners (SBC), polyolefin blends (TPO,

1s compression molded in situ within a plastic closure from a compression mold charge or

pellet in which the alternating layers are coextruded.

Brief Description of the Drawings

5 The invention, together with additional objects, fearures and advantages thereof,
will be best understood from the following description, the appended claims and the
accompanying drawings in which:

FIG. 1 is a functional block diagram of a process for fabricating compression
mold charge pellets in accordance with a presently preferred embodiment of the invention;
10 FIG. 2 is a schematic diagram that illustrates compression molding of a charge
pellet to form a barrier liner in accordance with the preferred embodiment of the invention;
FIG. 3 is a sectioned elevational view on an enlarged scale of a plastic closure
fabricated in accordance with the preferred method of the invention illustrated in FIGS. 1 and
2; |
15 FIGS. 4A and 4B are schematic diagrams of charged pellets in closure caps in
tests orientations described in the application;
FIG 5A is a schematic diagram of a closure showing points at which
photomicrographs (FIGS. 5C-5G) were taken;
FIGS. 5B-5G are photomicrographs of test results obtained in implementation
20 of the preferred embodiment of the invention;
FIGS. 6 and 7 are views similar to that of FIG. 3 but showing modified liner

geometries; and
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FIG. | illustrates a system 10 in accordance with one presently preferred
implementation of the invention as comprising a pair of extruders 12, 14 each having an
associated mixing hopper 13, 15. Extruders 12, 14 direct extrudate as tirst and second inputs
10 a layer generation device 16. Layer generation device 16 forms the respective inputs into
discrete generally parallel layers, and feeds the parallel layers to a layer multiplicarion device
18. The ourput of layer multiplication device 18 is an extruded rod from which discrete
charge pellets 20 may be cut, Pellet 20 has parallel esseruially discrete alternating [ayers, each
layer consisting of one of the input materials to layer generator 16 from extruders 12, 14. The
number of parallel layers in pellet 20 is a tfunction of the number of stages and the construction
of each stage in layer multiplication device 18. In one presently preferred implementation of
the invention, layer generation device 16 and layer multiplication device.18 are as disclosed
in U.S. Patent Nos. 5,094,793 and 5,628,950, incorporated herein by reference: Other
conventional layer generation schemes may be employed.

FIG. 8 illustrates a modified systern 10a in which the barrier polymer, the
matrix polymer and the compatibilizer are fed from associated separate extruders 12, 14a, 14b
to a conventional coextrusion device 16a. The resulting pellet 20d has mulriple flat, spiral or
coaxial layers. In a three-input systemn configuradon as in FIG. 8, the layers of compatibilizer
will be thin and disposed between each sequential layer of barrier material and matrix polymer.
Suitable conventional coextrusion devices are disclosed, for example, in U.S. Patent Nos.

4,522,775, and in the background discussion of U.S. Patent No. 5,628,950. The disclosures

| astic pol yam des. Thernopl astic el astoners are
@ lf‘ﬁd Modem Pl astics Encycl opedi a Handbook,
iHllt he di scl osure of which is incorporated

by



Pat ent Nos. 4, 130, 5354, 311628—4, 130, 534 and 4, 607, 074. In general ,
thernopl astic elastoners are characterized by a Shore A hardness of 45 to

95 and a fl exural T Has Bean Redared)00 t 0 100, 000 psi . Sof t
ol efin polyners ar ws ,‘c ol efins, homopol yners and copol yners

whi ch are fl exi bl el a Shore A hardness of |ess than about 100.
Typi cal soft olefin

of these materials are incorporated herein by reference. As another modificarion to the
embodiment of FIG. 1, barrier material van be added to the matrix polymer and compatibilizer
input to extruder 14. For example, the input to extruder 14 may consist of 10% EVOH, 10%
compaubilizer and 80% EVA, all by weight. Extruder 12a is operated at a lower rate so thar
5 toral composition remains within the ranges discussed above. Disposition of some barrier
material within the thermoplastic elastomer layers further enhances the barrier properties of

the marerial. |
For manufacture of plastic closure barrier liners in accordance with the presently
preferred implementation of the invention, the input to extruder 12 or 12 z at hopper 13
10 preferably consists of one or more barrier polymers, while the input o extruder 14 at hopper
15 preferably consists essentially of one or more matrix polymers (TPE or soft olefin) and a
compatibilizer material. The matrix polymer preferably is preblended with lubricant and any
desired colorants. The input materials are thoroughly mixed and blended in hopper 15. The
barrier polymer inpur 10 extruder 12 preferably is one or more high gas barrier plastic resins
15 selected from the group consisting of EVOH, nylon, acrylonitrile copolymers such as styrene
acrylonitrile and acrylonitrile methylacrylate, blends of EVOH and amorphous nylon,
nanocomposites of EVOH or nylon and clay, blends of EVOH and an io.nomer, acrylonitrile,
cyclic olefin copolymers, and blends thereof.  The matrix polymer input to extruder 14
preferably is selected from the group consisting of EVA, ethylene/propylene copolymers,
20 styrene  block  copolymers,  terpolymers, ionomers.  thermoplastic  rubbers,
styrene/ethylene/butadiene/styrene block copolymers, styrene/ethylene/butadiene/styrene

compounds, styrene/buradiene/styrene block copolymers, EPDM, metallocene linear low



polfners are: netall ocene pol yet hyl ene, ethyl ene-propylene rubbers,

et hyl ene copol yners and bl ends thereof, ethylene copol yners such as
et hyl ene vinyl acetate, ethylene nethyl acrylate copol yﬂ?tisfﬁxealﬂdsB

and conbi nations thereof. Exanples of soft olefin polyrrer

ol efin substituted pol yet hyl enes manuf actured using si ngl

technology (these materials are known in the art as netel

pol yet hyl enes); ethylene vinyl acetate (EVA) such as maﬂuf actulred by
DuPont under the trademark ELVAX | ypr | ene nmade wit ingle sit
catal yst PO PoRIGRAC PR POPIPY [FBE cWnienielpemsllags1 Sibers suc
syndi ot actlc poI é&)ropyl enes as marketed by Fina Q1 and Chem cal;

et hyl ene/ #7 P91 HBOEED pBY SR rcopeliimerss sugh easestyrens/ktbylend lantértﬁm;blymws sl as
mar ket ed by Dow Chemi cal ; and iononers such as DuPont's

styrene/cmylcnc/buw!ene, polypropylene/butyl rubber, and blends thereof. The compatibilizer

input 1o extruder 14 preferably is selected from the group consisting of maleic anhydride
5 grafted polymers, ethylene vinyl acetate grafted polymers, ethylene methyl acrylate, ionomers
and blends thereot. As noted above, a lubricant selected from the group consisting of fatty
acid esters, glycols, waxes, primary amides, secondary amides, secondary bis-amides and

blends thereof, preferably is preblended with the matrix polymer.
The relatjve percentages of the barrier polymer, the matrix polymer and the
10 compatibilizer material depend upon the thicknesses of the respective layers formed at stages -
16, 18, which in turn depend upon the extrusion flow rates at extruders 12, 14. The blend
input to extruder 14 and the relative rates of extrusion preferably are such that the barrier
material and the matrix polymer in the final liner are each in an amount within the range of
about 2% 10 50% by.weight_ Most preferably, the amount of barrier polymer in the final
ourput 20 preferably is in the range of about 6% w 35% by weight, the compatibilizer material
preferably is in the range of about 6% to 20% by weight, with the balance consisting of the
matrix polymer. [ncrease in the percentage of the barrier material in;:rcases the cost of the
resulting liner. Indeed, a key advantage of the present invention lies in the fact that the
layered construction of the liner increases the barrier properties of the liner as compared for
20 example with EVA/EVOH blends, so thar a lesser amount of barrier material can be employed
than would be the case with blended polymer liners. The amount ot adhesive/compatiblizer

material is selected 1o achieve a desirable amount ot bonding between the layers, and to tailor

10
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in this respect that blending of the compatibilizer with the matrix polymer prior to extrusion
eliminates a third extruder that would otherwise be necessary, and also permits the
compatibilizer 1o be employed for tailoring the viscosity of the matrix polymer. It is
5 considered desirable that the flow rates of the extrudates input to layer generarion stage 16 be
as closely marched as possible. Material flow rates are published by material manufactures,
and can be employed in selecting suitable materials. By mixing EVA with a maleic anhydride
compatibilizer, the viscosity of the compatibilizer is reduced more closely to match the
viscosity of the EVOH. The viscosities of the separate feed streams must be adequately
10 marched to provide proper layer formation. As taught in U.S. Patent No. 5,628,950, the
disclosure of which is incorporated herein by reference, the melt viscosity difference between
the materials of the ditferent layers should be no greater than a factor of five to provide proper

layer formations.
It will Be understood that the relative component percentages will vary with
15 applications, and will depend among other factors upon hardness and therefore sealability, and
desired removal torque. As 1o hardness, it has been found that a liner hardness higher than
about 94 or 95 Shore (A) is too hard for proper sealing with the contair;er. When employing
a matrix polymer that is relatively hard, such as EVA, the upper limit of the barrier material
may be relatively low. However, when employing a matrix polymer of relatively low
20 hardness, such as polypropylene/butyl rubber, the upper limit of the barrier material may be

much higher.

1
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FIG. 2 illustrates a charge pellet 20 placed within a prefabricated plastic closure
cap 22 in the female die 24 of a compression mold 26. A male die section 28 is vlosed against
pellet 20, cap 22 and die 24 so as to compression mold pellet 20 into a liner tha; is welded or
bonded to the interior surface of the cap base. That is, referring to FIG. 3, the charge peller
is compression molded in situ against the base 30 of cap 22 so as to form a liner 20a. This
may be accomplished by hand, or more preferably with the machine disclosed in the above-
noted U.S. Patent No. 5.451,360. Cap 22 also includes a skirt 32 that extends from the
periphery of base 30, having internal threads 34 for securing cap 22 to a container.
Alternatively, pellet 20 may be separately compression molded to form liner 20a, which may
then be adhesively secured within cap 22 against base 30. Such an operation requires
additional steps and expense, and is therefore not preferred. As a second alternarive, the liner
may be formed in the closures as disclosed in U.S. Patent Nos. 3,674,393, 3,702,148,
3,877,497 and 4,518,336. FIG. 6 illustrates an alternative liner 20b having a flar geomerry,
as opposed to the liner iOa of FIG. 3 having a thickened periphery. FIG. 7 illustrates a liner
20c having a flat periphery and a thickened mid section for holding additional barrier material.

Samples have been fabricated and tested in implementation of the present
invention. In these samples, the matrix polymer was EVA marketed by DuPont under the
wademark ELVACE50. The barrier polymer was either EVOH marketed by Evalca under the
trade designator E105B, or nylon marketed by DuPont under the trademark SELAR PA. The
compatabilizer was a maleic anhydride grafted polymer marketed by Mitsui Petrochemical

under the trade designation ADMER QF551.

12
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product |ine and Evalca-s EVAL (trademark) product line, nylons such as
DuPont's SELAR (trademark) PA, EMS's (&1 and M tsubishi Gas' MXD6 product
i nes, British PetThid Shesttis Be®Bapiaed t rademark) acrylonitrile product |ine,

bl ends of EVOH and A{HIIbM ilin, blends of EVOH and an iononer such as
SURLYN (DuPont), an i®yin copol yners such as narketed by Ticona.
QO her suitable barri are blends as disclosed in U S. Patent
Nos. 4,977,004 and 5,064, 716, and nanoconposites of EVOH or nylon and clay
as disclosed in U .t.Patent tNOS'l 4, 473, 538 and 5, 552, 469, the discl osures
of which are i ncor pby ¥l eamPplesiyere dgbricatsd from a compression moldeq fingrdfilm
currently preferred that the liner also include an additive for reducing
the coef (i-&i 8atdisgosed irc¢aps A2beTiwseriest bampleseere fahtivated byesxtrudigg snardriat et of
the container. Friction
the desired ratio through the extrusion system of FIG. 1 ar a melt temperature of 380 to 440°F.
The extrudate possessed 129 layers. The extrudate, still at melt temperature, was sandwiched
5 between two Tetlon-coated metal plates, with the layers either parallel or perpendicular o the
planes of the plates. The assembly was then placed in a Carver press and compressed at about
450 ps1 for about 30 seconds 1o a film thickness of 25 to 30 mils. Shims were placed between
the plates to determine final thickness. The assembly (plates and compressed film) was then
removed from the press and placed in a room-temperature water bath for 15 seconds. The
10 compressed film was then removed from the plates and dried. Oxygen permeability was
measured according to ASTM D3985 at 100% relative humidity and 75°F.
A first test sample of this first series was a control sample consisting of 100%
EVA. A second sample was another vontrol sample consisting of a blend of 25% EVOH, 65%
EVA and 10% compatibilizer. A third test sample consisted of 10% EVOH, 80% EVA and
15 10% compatibilizer with the layers in the film oriented parallel to the plane of the liner film,
as shown in FIG. 4A, prior to compression molding. A fourth test sample consisted of 10%
EVOH, 80% EVA and 10% compatibilizer, this time with the layers in the film oriented
perpendicular to the plane of the film as shown in FIG. 4B. A fifth test sample consisted of
10% nylon, 80% EVA and 10% compatibilizer with film layers oriented as in FIG. 4A, and
20 a sixeh test sample consisted of 10% nylon, 80% EVA and 10% compatibilizer with film layers

oriented as in FIG. 4B. All films were of identical thickness of 25 to 30 mils. Table 1

lustrates the test results:
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redlici ng additives include netal stearates, mcrocrystalline waxes,

pol yet hyl ene glycols, fatty acid esters and am des. These are known as
“lubricants"” in the art. The preferred lubricant is a l?’}(YﬁBLt Al pd acght
fatty acid am de material that bloonms to the exposed sur i

pol ynmer material upon cooling fromthe nelt state, thereb Eﬁ
coefficient of friction between the liner and the contal

surface. Exanples are: primary am des with the general chem cal structure

R-CO- NH2, where R is an al kyl group; i%ndary almkdles with the gegeral
are a y groups; secon ary
o,

chem cal structure R—CONH—R' V\,hereTFQ
bi s- am des

R are alkyl groups and Ais an al kyI ene ds Ofthe abovr
material s| such as in U S. Patent No. UWEen m"‘%‘ﬁﬁl

1%

(cc*mil/d*atm* 100 sq. Durometer
Test Sample in.) (Shore A
at 75°F and 100% RH Scale)
5 (1) 100% EVA Control 790 92
(2) 25% EVOH, 10% ¢, 65% EVA (Blend) 110 93
(3) 10% EVOH, 10% ¢, 80% EVA (FIG. 4A) 16 94
(4) 10% EVOH. 10% c, 80% EVA (FIG. 4B) 20 94
(5 10% Nylon, 10% c, 80% EVA (FIG. 4A) 25 o4
10 (6) 10% Nylon, 10% ¢, 80% EVA (FIG. 4B) 31 94

It will be noted that all of the test samples 3-6 in accordance with the present

invention exhibited a2 marked reduction in oxygen permeability as compared with both the

15 100% EVA control sample 1 and the blend control sample 2. Indeed, as compared with blend
sample 2. the test samples in accordance with the invention exhibited a marked reduction in

oxygen permeability even with markedly less EVOH. This reduction in permeability at lesser

EVOH is due 1o the layering in the film and the layer reorientation that rakes place in the film

during the compression molding opesation. It will be noted in this respect that, although the

20 test results for samples 3 and 5 in which the layers in the film were oriented parallel to the
plane of the film as in FIG. 4A were slightly better than the test results when the layers were
oriented perpendicular to the plane of the film as in FIG. 4B, the diftference in results is not
marked. This is believed to be due to the fact that the heat and pressure of the compression
molding operation causes flow of the [ayered material radially outwardly so as 1o reconfigure

25 the layered construction of the pellet even when the layers initially are perpendicular to the

14



5,306, 542. The | ubricant—preferably conprises about 0.5%to 1.5%of the

t ot

al

l'iner conposition by weight, nmost preferably about 0.5% by weight.

The | ubricant Tiss et HavBebl Replaednpounded into the matrix polynmer materi al

(along with any

- B-

not

10

20

mat eri al
i ncluded in

ants) by the

m!lum Emﬂl The amount of |ubricant and/or col orant
I ons of conpositions in this application.

final film plane. This is also illustrated in FIGS. 5A-5G. FIG. 5A is a plan schematic

diagram of a cap and liner illustrating five locations at which samples were cut and stained,
and photomicrographs taken (FIGS. 5C-5G). FIG. 5B shows the inital pellet layer
configuration, with layers in the charge pellet oriented essentially perpendicular to the plane
of the cap base. The EVOH layers have taken up stain and are dark in FIGS. 5B-5G. FIG.
5B is at 10X magnification, while FIGS. 5C-5G are at 100X magnification. It is also to be
noted that the hardness of the samples in Table 1 remains substantially constant, indicating that
all samples are suitable for use as sealing liners.

Second and third sets of test samples were fabricated, this time in the form of
liners compression molded into closures. The test materials were extruded through the system
of FIG. 1 at a melt temperarure of 440°F in proportions 10 yield the desired weight ratios.
Pellets 20 (FIG. 2) were manually cut from the extrudate and placed in closure shells 22.
With the pellets 20 still at or near melt temperature, the closure and pellet were placed in a
compression mold as in. FIG. 2, and the compression tool was activated to compress the pellet.
The film layer in all pellets were at the perpendicular orientation of FIG. 4B. The
compression force was about 800 psi, and was held for about 15 seconds. Each test closure
with liner was then threaded onto a PET bottle finish at industry standard application torque
(25 10 30 inch-pounds for a 43 mm closure). The finish was then cut from the bottle and
epoxied onto a metal plate surronnding a hole coupled to a purge tube. The plate with closure
was then placed in a Mocon OXYTRAN oxygen permeability tester. Oxygen outside of the
closure was maintained at 1 atm, 75°F and 100% relatuve humidity, and nitrogen gas was used

to purge the volume within the closure to measure oxygen concentration, and therefore oxyger

15
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The barrier material and the matrix polynmer in the |iner are—each—in-the
anount in the range of about 2% to 50% by wei ght. The barrl er materi al

nost preferably is provided in an anmount in the range of hﬂetfﬁwieﬁRgp@({gd
by weight in the liner, the conpatibilizer material prefer,b

range of about 6% to 20% by wei ght, the bal ance consisting #’Wﬂﬂw}g!ﬂm
pol yner. In accordance with a second aspect o

i nvention, a nethod of making a liner for a plastic closure conprises the
steps of extruding a pellet that consists of a nultiplicity of alternating
| ayer s of peameaion ithroyghl therelpsuas d Wet axygee permretiilityadeadhhadady ewtes tie fijase was
transm ssion, and conpression nolding the pellet to forma liner disk in

whi ch t heeg@dried nat i ng

A second set of samples consisting of 20% EVOH, 16% compatibilizer and
64% EVA were constructed from pellet layer orientations as illustrated in FIG. 4B. These
5 samples, compression molded in situ into polypropylene caps, after two months of testing,
measured an oxygen transmissivity of 0.001cc/day, as compared with a transmissivity of
0.012cc/day for an identical cap with a 100% EVA liner. All liners in all tests were of
identical 0.025 inch thickness and a diameter of 1.509 inches.
A third set of test samples consisted of liners compression molded in situ into
10 43 mm plastic caps 22. All liners were 0.025 inches thick with a diameter of 1.509 inches.
The following table illustrates the test results:
Table 2

Sample Oxygen Transmissivity
' (cc/day)

—
L4 ]

—

. 100% EVA Liner 0.012
2. 34% EVOH, 1% compatibilizer,
65% EVA (blend) 0.006
. 3. Layered 20% EVOH, 80% EVA/
20 comparibilizer 0.0015
It thus can be seen, somewhat surprisingly, that oxygen transmissivity did not
depend in the test samples on pellet layer orientation prior to molding. In all of the test
samples discussed above, the pellets initially contained one hundred twenty-nine alternating

25 layers of martrix polymer (EVA) and barrier polymer (EVOH or nylon), with the

comparibilizer pre-blended with the matrix polymer. Other tests were run with similar

16



| ayers are oriented generalty paratHet—t+o-the plane of the disk. The |ayers
in the pellet preferably are coextruded frominputs of barrier material,
matri x polymer and conpati ghip éﬁ%B&mm$ﬁmHater|als may be separately
extruded, or the conpatlblll_ ed with the barrier material

the matrix polyner or both |on In the preferred

I npl enmentati on of the |nvent|on the'l rs in the pellet are coextruded
froma second input consisting of a blend of the matrix polyner and a
conpatibilizer material that pronotes adhesion between the nateria

| ayers. Tatsrigiseqontdiniopeplyenine dayersoh dhextruded ipeliesr Whest thedateys in de dairieli ed
out by conpression nolding the liner in situ within a closure cap.

Thus, i npaRe Geeadietretiphiallé 1d e TR2l08 RRCHT thE (ikdre (RN e5sllel k@ RIds@MR babd 1@y € IS
provided a sealing liner for a plastic closure that conprises a disk that

consi sts, in e%?@.”&»ﬁ' (l.h¥ o%'gen transmissivity was 0.0017 cc/day. When the layers were initially

oriented perpendicular as in FIG. 4B, the oxygen transmissivity under identical test conditions
5 was 0.0029 cc/day. It is believed that, as long as there is a sufficient number of layers in the
extruded pellet and the final liner, the barrier properties of the liner will be achieved without
regard to the orientation of the layers prior to molding.
It is preferable that the multiple layers each be of substantially uniform
thickness, although this is not critical because of the multiplicity of layers. [t is also preferred
10 that each layer be of uniform composition. [t is anticipated that additional layers of other
materials exhibiting other desired properties may be employed in certain applications.
There have thus been disclosed a barrier liner, a closure with barrier Jiner, and
a method of manufacturing the same, that fuily satisfy the objectives and aims previously set
forth. The liner is readily manufactured from otherwise conventional materials, and
15 employing otherwise conventional techniques and equipment. The liner provides improved
efficiency, in terms of the quantity of barrier material employed versus permeation and
transmission of gasses such as oxygen and carbon dioxide, water vapor, and essential flavor
oils (flavor scalping). Specific matrix/barrier combinartions have been disclosed. Other
combinations are envisioned for different applications, and will suggest themselves to persons
20 or ordinary skill in the art based upon the principles and parameters herein discussed.

All U.S. patents and publications noted above are incorporated herein by

reference.
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a nmultiplicity of alternating |ayers of matrix polyner material and a
barrier material that resists transnisston of oxygen and carbon

di oxi de t hrough the layers. The s erably is conpression
molded in situ within a plastic cf m&ﬂ "mmH ression nold charge or
pellet in which the alternating | ayers are #coext+uded

laims:

1.

1 A sealing liner for a plastic closure that comprises a disk (202, 20b or 20c) that

to

consists essentially of a multiplicity of alternating layers of a matrix polymer material and a barrier

3 material to resist transmission of gas, water vapor and/or flavorants through said liner.
2,
1 The liner set forth in claim 1 wherein said finer includes a compatibilizer material o
2 . promote adhesion between the layers.
3.
1 A plastic closure that comprises:
2 a cap (22) having a base (30) with a peripheral skirt (32) defining a cap interior and
3 means (34) on the skirt for securing the closure to a container, and
4 a liner (20a, 20b or 20c) as set forth in claim 1 or 2 secured to the interior of said base.
4.
1 The invention set forth in claim 3 wherein said liner is compression molded in situ

2 within said cap.
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Brief Description of the Draw ngs The invention, together
with additional objects, features and advantages thereof, w /Il be best

e A s S e o O,
no

di agram of a process for fabricating conpression char e pellets in
accordance wth a presently preferredsenbodi nent of the invention;

FIG 2 is a schematic diagramthat illustrates conpression nolding of a
charge pellet t r rier |j i n accordance. w the pref.erred
cibodi ment of .t hitd Sl e8Tokh o aty REtedlnd ASRRAEALC Rty gL R e
el evational _view on an enlarged scale of a plastic closure

2 range of about 6% to 35% by weight in said liner, said compatibiizer matenial is in the range of about
3 6% to 20% by weight, the balance consisting of said matrix polymer matenal.

6.
| The closure set forth in claim 5 wherein said matrix polymer is selected from the group

2

consisting of thermoplastic elastomers, soft olefin polymers, and mixtures thereof.

7.
! The closure set forth in claim 6 wherein said matrix polymer is a thenmoplastic

2 clastomer having a Shore A hardness of 45 to 95 and a flexural modulus of 30,000 to 100,000 psi.

8.
1 The closure set forth in claim 6 wherein said matrix polymer is a thermoplastic
2 elastomer selected from the group consisting of styrene block copolymers and elastomeric alloys.
9.
1 The closure set forth in claim 6 wherein said matrix polymer is an olefin polymer
2 having a Shore A hardness less than 100.
19
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fabricated in accordance with the preferred nethod of the
Illustrated in FIGS. | and 2; FI GS. 4A zﬁﬂ“ﬁﬂi“mwﬂmﬂt I C
: , , i c

di agrams of charged pellets in closure caps in tests or'i'}

described in the application; FIG 5A is a schematic diagram
of a closure showi ng points at which photornicrographs (FIGS. 5C-5G were
t aken; FI GS. 5B-5G arejgphot om crographs of test results

obtained in inplenmentation of the pref erred enbodi nent of the i nvent | on;

ﬂlﬁf‘r 6 ggcn)?rez " ?; chew?e s%t ol rtL ?nrcIeI'ug Iw %}cmosl;zd oiegh pg'lymer is seqectednfgom”%e group

2 consisting of metellocene polyethylene, ethylene-propylene rubbers, ethylene copolymers, and
3 mixtures thereof.

11
1 The closure set forth in claim 5 wherein said barrier material is selected from the group

2 consisting of EVOH, nylon, acrylonitrile copolymers, blends of EVOH and amorphous nylon,

3 nanocomposites of EVOH or nylon and clay, blends of EVOH and an 1onomer, acrylouitrile, cyclic
4 olefin copolymers, and blends thereof.

12,
1 The closure set forth in claim 5 wherein said compatibilizer is selected from the group
2 consisting of maleic anhydride grafted polymers, ethylene vinyl acetate grafted polymers, ethylene
3 methyl acrylate, ionomers and blends thereof.

13.
1 The closure set forth in claim S wherein said barrier material comprises EVOH or
2 nylon, and said matrix polymer comprises EVA.

20
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- 8- FIG 8 is aviewsimlar to that of FIG 1 but show ng
a.nodi fied process. Detailed Description of Preferred

FIG 1 illustrates a system 10 in accordance with one pl;'mﬂmmm'mﬂllé”!ﬂd

i npl ementation of the invention as conprising a pair of extruderss 1,

each having an

14.

{ The closure set forth in claim 4 wherein said matrix polymer material consists

(3]

essentially of a blend of one or more matrix polymers and said compatibilizer material,

15.
! The closure set forth in any preceding claim wherein said liner consists of at least nine
2 alternating layers of said matrix polymer and barrier materals.

16.
1 The closure set forth in claim 15 wherein said liner consists of at least thirty-three
2 alternating layers.

17,
1 The closure set forth in claim 16 wherein said liner consists of one hundred twenty-
2 nine alternating layers.

18.
1 The closure set forth in any preceding claim wherein said liner has a Shore A hardness
2 of not more than 94,

21 -

This Sheet Has Been Replaced

AR




associ ated m xi ng hopper 13, 15. Extruders 12, 14 direct extrudate as first
and second inputs to a |layer generation device 16. LayeJiHﬂ'HM"ﬂmemr
16 fornms the respective inputs into discrete generally

and feeds the parallel layers to a layer nultiplication devi ce

out put of layer nmultiplication device 18 is an extruded rod from whlch
discrete <charge pellets 20 may be cut9, Pellet 20 has parallel essentially
discrete alternating | ayers, each |layer consisting of one of the input

mterials to laypge asgﬁéeétggmiﬂrg Jé@%@gg@%ﬂgig;%@m sid hnm% taf¥ MBREar? b

parall el layers in pe nunber sta esand t he
construction each_sta in layer nmultiplication deV|ce 18. In one
preesentfgA %é%beﬂt ﬁﬁ’ltéaesr%éyl“ﬁé%bf the invention, |ayer generation
devi ce 16 and | ayer multiplication device 18 are as disclosed in US.

Patent Nos. 5,094,793 and 5, 628, 950, incorporated herein by reference.
O her

20.

1 The closure set forth in claim 19 wherein said lubricant is in the amount of about 0.5%

9

by weight.

21

{ The closure set forth in claim 19 wherein said lubricant is selected from the group

SN

consisting of fatty acid amides, fatty acid esters, microcrystalline waxes, polyethylene glycols, primary

3 amides, secondary amides, secondary-bis amides, and blends thereof.

22,
1 A method of maling a liner for a plastic closure as set forth in any preceding claim that
2 comprises the steps of:
3 (a) extruding a peliet (20) that consists essentially of a multiplicity of alternating layers
4 of a matrix polymer material and a barrier material that resists gas transmission, and
5 (b) compression molding said pellet to form a liner disk (20a, 20b or 20c) in which the
6 alternating material layers are oriented generally paralle] to the disk.

22
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conventional |ayer generation schenes may be enpl oyed. I — = R
8 illustrates a nodified system 10a in which the barrier

matrix pol ymer and the conpatibilizer are fed from assoc”mum@ mfm#’m
extruders 12, 1l4a, 14b to a conventional coextrusion device 1

resul ting peIIet 20d has nmultiple flat, spiral or coaxial layers. In a

t hree-input system configuration as i 23 FIG 8, the |ayers of conpatibilizer
will be thin and di sposed between eac 'sequential | ayer of barri er mat eri al

and matrix poly : ui  abl e conventi coext rusi on deV|ces
digcl osed, for g&éﬁﬂ"’g‘ q[ﬁetu‘"@h “Pélﬁ’é'h?glﬁg‘?e'" said; patri polymermatan rf@"S'S‘S
background di scussion of U S. Patent No. 5,628,950. The discl osures

2 essentially of a blend of one or more matrix polymers and a compatxbxhzer material.

24,
1 The method set forth in claim 23 wherein the blend of matrix polymer and
p compatibilizer materials differs in melt viscosity from said barmer material by no more than 4 factor
3 of five.

25.
1 The method set forth in claim 22 wherein said step (2) includes the step of extruding
2 a compatibilizer material with said matrix polymer and barrier materials.

26,
1 The method set forth in claim 25 wherein said compatibilizer material is blended with

[ (8]

one or both of said matrix polymer and barrier matenals prior to extrusion.

27.

1 The method set forth in claim 25 wherein said matrix polymer matenial, said barrier

2 material and said compatibilizer material are extruded as separate layers.

23
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-9-7 of these materials are incorporated herein by ref As anot her
nodi fication to the enbodinent of FIG 1, barrier mater BI" mlto
the matrix polyner and conpatibilizer input to extruder

the input to extruder 14 may consist of 10% EVOH, 10% corrpatl b| I I zer and
80% EVA, all by weight. Extruder 12a is operated at a |ower rate so that
total conposition renmains within the nges di scussed above. Disposition of
sonme barrier nmaterial within the thernoplastic el astoner |ayers further

eqhances the bar H\ method S&t fo trtlh?r'lsclacim 27 wherein layers of barrier material and matrix polymer

2 material alternate with each other, and wherein a layer of said compatibilizer matenial is disposed
3 between each layer of barrier materiat and each layer of matrix polymer material.

29.
1 The method set forth in any one of claims 22-28 that comprises the additional step of:

8]

(c) providing a closure cap (22) having a base (30) and a peripheral skirt (32) defining

3 a cap interior and means (34) on said skirt for securing the cap to a container, and
4 (d) securing said liner disk to the interior of said base.
30

| The method set forth in claim 29 wherein said steps (b) and (d) are carmed out

2 simultaneously by compression molding said pellet in situ on the interior of said base.
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the: material . For manufacture of plastic closure barrier
liners in accordance with the presently preferred inplenentation of the
Invention, the input to extruder 12 or 12 a at hopper 13 preferably
consists of one or nore barrier polyners, while the input to extruder 14 at
hopper 15 preferably consists essentially of one or nore matrix polyners

(TPE or soft olefin) and a C%MMMH al. The matrix pol yner
preferably is preblended with Tubrican any desired col orants The
input nmaterials gre t.horoughly m xed and nded in er 15 e, Jbharrier
pol ymer i nput to?‘egif?s&‘ﬁglgﬁm%g‘ %‘f"é'?pé\s%?bﬁ PP (gi)gﬁémglabwqg&ﬁ ﬁkfrgr
plastic resins selected fromt he roup consi sting of EVO—| nyI on

acr yl o3y dafisingdpe rapiptesios gadtheeads (39} emghe skirt for securing the closure to a container.

A liner (20a, 20b or 20c) is secured to the interior of the cap, preferably by being compression
molded in situ on the base, The liner consists essentially of a multiplicity of alternating layers of a
5 matrix polymer material such as EVA and a barrier material such as EVOH to resist transmission of
gas, water vapor and/or flavorants through the liner. The matrix polymer material preferably is
preblended with a compatibilizer material such as a maleic anhydride grafted polymer that ties the

matrix polymer material to the barrier material,
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acrylonitrile and acrylonitrile nethylacrylate, blends of EVOH and

anor phous nyl on, nanoconposites of EVOH or nylon and clay, blends of EVCH
and an iononer, acrylonitrile, «cyclic olefin copolyners, and bl ends
thereof. The matrix polymer input to extruder 14 preferably is selected
fromthe group consisting of EVA ethyl ene/ propyl ene copolyners, styrene
bl ock copolyners, terpolyners, iononers, thernoplastic rubbers,
styrene/ et hyl ene/ but adi ene/ styrene bl ock copolyners

styrene/ et hyl ene/ bufd rene conpounds, st' e/ butadi ene/ styrene
cene |inear | W }‘ﬁa

bl ock copolyners, E
EXTRUDER EXTRUDER | /¥

P N
J ;

/6 —~ | AYER GENERATION
FIG. T
!

18~ LAYER MULTIPLICATION
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pol yet hyl ene, netall ocene syndiotatic pol ypropyl ene, synthetic-el astoner
al l oys, rubbers such as butyl rubbers, styrene copol yners such as
styrene/ et hyl engs sipet HaEBdRRYIBIS such as styrene/ et hyl ene/ butyl ene,
polypropylene/b d bl ends thereof. The conpatibilizer input
to extruder Hﬁiﬂaﬂam ﬂEeI ected fromthe group consisting of nmaleic
anhydri de graft t hyl ene vinyl acetate grafted pol yners,

et hyl ene nmethyl acrylate, iononers and blends thereof. As noted above, a

lubricant selected fromthe group consisting of fatty acid esters,
gl ycol s, waxes, am des, secondary bis- ami des and

32
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bl ends thereof, preferably is preblended with the matrix pol yner.

The relative percentages of the barrier polymer, the matrix polynmer and the
conpatibilizer material depend upon the thicknesses ofiskhe: Ha$BRERLNNE

| ayers formed at stages 16, 18, which in turn depend sion
flow rates at extruders 12, 14. The blend input to exﬂmml‘ﬂﬁfmmt he
relative rates of extrusion preferably are such that t terial
and the matrix polynmer in the final liner are each in an anount within the
range of about 2% to 50% by wei ght. Most preferably, the anpunt of barrier
polymer in the final output 20 preferably is in the range of about 6%to
35% by weight, the conpatibilizer material preferably is in the range of
about 6% to 20% by weight, with the bal ance consisting of the

FIG. 5B




mat+i X polymer. Increase in the percentage of the barrier materi al

I ncreases the cost of the resulting liner. Indeed, a key advantage of the
present invention lies in the fact that the |ayered construction of the

| iner increases the barrier properties of the |iner as conpared for
exanple with EVA EVCOH bl ends, so that a | esser anount of barrier material
can be enployed than would be the case with bl ended polyner |iners. The
amount. of adhesi ve/conpatiblizer material is selected to achieve a
desirabl e anobunt of bondi ng between the |layers, and to tailor

e e
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t her viscosity of the matrix polynmer with which the conpatibilizer is
bl ended. It is to be noted in this respect that blending of the

conmpatibilizer with the matrix polyner prior to extrusi , sul: L
third extruder that would otherw se be necessary, and a
conpati bilizer to be enployed for tailoring the viscosi t}'“[ M‘ﬂﬁ
polymer. It is considered desirable that the flow rates fat es
i nput to | ayer generation stage 16 be as closely natched as possi bl e.
Material flow rates are published by material nmanufactures, and can be
enpl oyed in selecting suitable materials. By mxing EVAwith a maleic
anhydride conpatibilizer, the viscosity of the conpatibilizer is reduced
nore closely to match the

:
LA



vj,scaosity of the EVOH. The viscosities of the separate feed streans nust be
attequately matched to provide proper layer formation. As taught in U S
Patent No. 5,628,950, the disclosure of which is incorporated herein by
reference, the nelt viscosity difference between th@"‘;{&l erliaﬁls @,f*"zt"he
different | ayers should be no greater than a factor 'of-five to- prow de
proper layer formations. ~ 1t wll betuhder,stogd that tihe

rel ati ve conponent percentages will vary with appltcati-ong: and wi!l Ij
depend anong other factors upon hardness and therefore seal ab| i ty and
desired renoval torque. As to hardness, it has been;f Ok @d Lifrﬁ
hardness hi gher than about 94 or 95 Shore (A is t oo Rakdfar .pr(i)
sealing with the contai ner. Wen enpl oyi ng

PLASTIC CLOSURE WITH COMPRESSION
MOLDED SEALING/BARRIER LINER

The present invention is directed to plastic container closures for beverage,
food, juice, pharmaceutical and like applications, and more particularly an improved process
for providing closures with sealing liners having resistance to transmission of gases, water
vapor and/or flavorants (flavor scalping).

Reference is made to concurrently filed application Serial No. (Docket 17138)
entitled “Plastic Closure with Compression Molded Barrier Liner” and assigned to the assignee

hereof.

Background and Objects of the Invention

It has heretofore been proposed to provide a plastic closure for a container that
comprises a plastic cap with an interior liner for sealing engagement with the sealing surface
of the container. For example, U.S. Patent No. 4,984,703 discloses a plastic closure that
comprises a cap having a base with a peripheral skirt and threads for securing the cap to a
container, and a sealing liner compression molded in situ to the interior of the cap base. The
sealing liner comprises a blend of ethylene viny! acetate (EVA) and a thermoplastic elastomeric
material such as olefin or siyrene-butadiene-styrene. U.S. Patent No. 5,451,360 discloses a
method and apparatus for compression molding the liner in situ within the caps.

Although the closures and methods of manufacture disclosed in the noted patents
address problems theretofore extant in the art, further improvements remain desirable. For

example, although soft olefin copolymers such as EVA are sufficiently resilient to provide



a matq'rix polymer that is relatively hard, such as_EVA, _the upper ljmt of

the barrier

material rmay be relatively |ow Howevers swhennenplcoyi hg a

matri x polymer of relatively | ow hardness, such_{__ a$.,_,.k.p_Q_J._..;Lp.r_._.opy_.Lgn_@/ _but yl

rubber, the upper limt of the barrier material ray be
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good sealing against the sealing surface of a container when the closure is fastened to the
container, these materials do not provide an acceptable barrier against transmission of gases
such as oxygen and carbon dioxide that can deleteriously affect the product within the
container. It has heretofore been proposed to employ a barrier material such as ethylene vinyl
alcohol (EVOH) as a gas transmission barrier layer. However, materials of this character tend
to be expensive and brittle, and are not well suited to function as a seal. It is therefore a
general object of the present invention to provide a liner for a plastic closure that combines the
functions of a seal for engagement with the container sealing surface and an improved barrier
against gas transmission, flavor absorption (flavor scalping) and/or water vapor permeation.
Another and more specific object of the present invention is to provide a liner of the described
character that is of readily moldable and inexpensive composition. Yet another object of the
invention is to provide a liner that satisfies the foregoing objectives and is of clear or
translucent construction to permit reading through the liner of printing on the closufe. A
further object of the present invention is to provide a method of fabricating such a liner, and
a plastic closure embodying such a liner.

Sumumary of the Invention

A plastic closure in accordance with one aspect of the present invention
comprises a plastic cap having a base with a peripheral skirt defining the interior of the cap and
threads or other suitable means on the skirt for securing the closure to a container. A liner is
secured to the interior of the base. The liner consists essentially of a multiplicity of alternating
layers of a matrix polymer and a barrier material to resist transmission of gas through the liner

parallel to the plane of the liner. The liner in the preférred embodiment of the invention is



FIG 2 illustrates a charge pellet 20 placed wthin a prefabri cated plastic
closure cap 22 in the female die 24 of a corrpresﬁl.nﬁ”m) %ﬁﬁ—ﬁr#&le die
section 28 is closed against pellet 20, cap 22 ahd F-BY 24 ls0 FAEET of
conpression nold pellet 20 into a liner that is Vel déd™6r “bondeq tjo the
interior surface of the cap base. That js, ref er i ng toi FAAS '31;3 th;f char ge
pellet is conpression nolded in situ agai nst ther base 30 of p;[24 so as
to forma liner 20a. This may be acconplished by hand, of rmr’é‘“’pr;ferably
wi th the machi ne di sclosed in the above- noted U S, Patent No. 5,451, 360.
Cap 22 also includes a skirt, 32 that extends fromthe ri ﬁ‘é"‘"“o‘f base
30, havi ng SORIPEFSSEON MAIdEA | Sigh WilGin Wecapi #Y ineldesaty %ﬁssm@s épg layers of
Alternatively, pellet 20 may be separately conpression nol ded to formliner
20a, whi ch matyix poiygnerbend e matbyals eurefeeablwatt Ibash theay-titee aljernatstg lbpese Bd.
Such an operation requires

most preferably one hundred twenty-nine alternating layers.

The “matrix polymer” is a thermoplastic elastomer, a soft olefin polymer, or
a combination thereof. A thermoplastic elastomer is a synthetic polymer having the
processability of a thermoplastic material and the functional performance and properties of a
conventional thermoset rubber. There are six generic classes of thermoplastic elastomer
commercially available, including styrenic block, copolymers (SBC), polyolefin blends (TPO),
elastomeric alloys, thermoplastic polyurethanes (TPU), thermoplastic copolyesters and
thermoplastic polyamides. Thermoplastic elastomers are described beginning at page 64 in
Modern Plastics Encyclopedia Handbook, published by McGraw-Hill, 1994, the disclosure of
which is incorporated by reference. Examplés of thermoplastic elastomers are styrene block
copolymers as manufactured by Shell Chemical under the trademark KRATON. -These
synthetic polymers consist of three discrete blocks of the linear or A-B-A type: styrene. An
elastomeric alloy is ethylene-propylene-diene terpolymer (EPDM). Another elastomeric alloy
consists of compounds of EPDM/PP and butyl rubber/PP as manufactured by Advanced
Elastomer Systems under the tradenames SANTOPRENE and TREFSIN and disclosed in U.S.
Patent Nos. 4,130,535, 4,311,628, 4,130,534 and 4,607,074. In general, thermoplastic
elastomers are characterized by a Shore A hardness of 45 to 95 and a flexural modulus of
30,000 to 100,000 psi.

Soft olefin polymers are thermoplastic olefins, homopolymers and copolymers

which are flexible, elastic with a Shore A hardness of less than about 100. Typical soft olefin



additional steps and expense, and is therefore no +et—AS
alternative, the liner may be forned in the cl osfirgs . 48-Hi ¥t ISo%Ed
Patent Nos. 3,674,393, 3,702,148, 3,877,497 and 4, 5187336 FI—G-;G
illustrates an alternative |liner 20b haV| ng a f1at geanptry SJO jposed to

second
n U S.

the liner 20a of FIG 3 having a thi cken;d peri phEry_ ______ Styrates a

liner 20c having a flat periphery and a-thi ckenead md section -t
additional barrier material. Sarrples have been fabrijcat ed
and tested in inplenentation of the present invention. TH tHese s:
the matrix polynmer was EVA nmarketed by DuPont under the trademark
ELVACG650. polgmersrare: enetfliobsnegolyethslend, tethytentytapy lene ketbers, bthyenekopolytneteand he
trade designator E105B, or nylon marketed by DuPont under the tradenark
SELAR PA. BRAds thereof, ethylene copolymers such as ethylene vinyl acetate, ethylene methyl acrylate
copolymers and ionomers and combinations thereof. Examples of soft olefin polymers are
alpha olefin substituted polyethylenes manufactured using single site catalyst technology (these
materials are known in the art as metellocene polyethylenes); ethylene vinyl acetate (EVA)
such as manufactured by DuPont under the trademark ELVAX; polypropylene made with
single site catalyst technology known in the art as metellocene polyproﬁylenes; syndiotactic
polypropylenes as marketed by Fina Oil and Chemical; ethylene/propylene copolymers and
styrene-ethylene interpolymers as marketed by Dow Chemical; and ionomers such as DuPont’s
SURLYN product line.
The matrix polymer is typically compounded with anti-oxidants, lubricants and
other stabilizing materials, as known in the art.
A “compatibilizer” is a thermoplastic that ties two other thermoplastics together
by a reactive (covalent or dipole-dipole) bond or a non-reactive (chain entanglement) means.
Examples include maleic anhydride grafted polymers or ethylene vinyl acetate grafted
polymers suéh as Quantum Chemical's PLEXAR (trademark), Mitsui Petrochemical’s
ADMER (trademark) and DuPont’s BYNEL (trademark) product lines, ethylene methyl
acrylate, and ionomers.
A “barrier material” is a thermoplastic material that has a low gas and/or water
vapor transmission rate and a high barrier to odorants and essential oils. The following

materials have gas transmission rates Jower than EVA, which is an industry standard liner

material: EVOH (ethylene vinyl alcohol) such as Nippon Goshei’s SOARNOL (trademark)
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film (i.e

conpat abi | i zer was a mal eic anhydride grafted pol ymer-parketed by M tsui
Petrochenical under the trade designation ADMER QF65%:i: 2 EVENT SHERT |
A first series of sanples were fabricated froma cohpgessi.on. m)_Léé:g | §

., nhot disposed in caps 22). These test sarrpl qs wer.e fabr'i clat ed
by extruding material at- -5- i  f

L

product line and Evalca’s EVAL (trademark) product line, nylons such as DuPont’s SELAR
(trademark) PA, EMS's G21 and Mitsubishi Gas® MXD6 product lines, British Petroleum’s
BAREX (trademark) acrylonitrile product line, blends of EVOH and amorphous nylon, blends
of EVOH and an ionomer such as SURLYN (DuPont), and cyclic olefin copolymers such as
marketed by Ticona. Other suitable barrier materials are blends as disclosed in U.S. Patent
Nos. 4,977,004 and 5,064,716, and nanocomposites of EVOH or nylon and clay as disclosed
in U.S. Patent Nos. 4,472,538 and 5,552,469, the disclosures of which are incorporated herein
by reference. |

It is currently preferred that the liner also include an additive for reducing the
coefficient of friction between the liner and the sealing surface of the container. Friction
reducing additives include metal stearates, microcrystalhe waxes, polyethylene glycols, fatty
acid esters and amides. These are known as “lubricants” in the art. The preferred lubricant
is a low molecular weight fatty acid amide material that blooms to the exposed surface of the
polymer material upon cooling from the melt state, thereby reducing the coefficient of friction
between the liner and the container sealing surface. Examples are: primary amides with the
general chemical structure R-CO-NH2, where R is an alkyl group; secondary amides with the
general chemical structure R-CO-NH-R'; where R, R’ are alkyl groups; secondary bis-amides
with the general chemical structure R-CO-NH-A-NH-CO-R, where R, R’ are alkyl groups and
A is an alkylene group; and blends of the above materials such as in U.S. Patent No.
5,306,542. The lubricant preferably comprises about 0.5% to 1.5% of the total liner
composition by weight, most preferably about 0.5% by weight. The lubricant is preferably

compounded into the matrix polymer material (along with any desired colorants) by the



the desired ratio through the extrusion systemof FIG 1 at a nelt
t ehperature of 380 to 440[err]F. The extrudate possessed. 129
extrudate, still at nelt tenperature, was sandw ched™’ betweer -
Tefl on-coated netal plates, with the |ayers either;‘_‘j pbr al I'el"or _
perpendicular to the planes of the platgs. The assepnbly' Wgy t#agn|pliaced in
a Carver press and conpressed at about <250 psi fér about 30 secoéud'ﬁ' to a
filmthickness of 25 to 30 nils. Shins were placed between the platies to
determ ne final thickness. The assenbly (plates arnd conpressed filnf was
then renoved fromthe press and placed in a roomtenperature water bath
for 15 secomatsrial Thanufaomuwer. e sSEedamhounn ofalabtitesnn andivo\cetbrimt s o énglidedem thed
dried. Oxygen perneability was neasured according to ASTM D3985 at 100%

rel ative huygicGlativns?stcbortipbsitibsin this application. Afirst test sanple of this
first series was a control sanple consisting of 100%

The barrier material and the matrix polymer in the liner are each in the amount

The

in the range of about 2% to 50% by weight. The barrier material most preferably is provided
in an amount in the range of about 6% to 35% by weight in the liner, the compatibilizer
material preferably is in the range of about 6% to 20% by weight, the balance consisting of
the matrix polymer.

In accordance with a second aspect of the present invention, a method of making
a liner for a plastic closure comprises the steps of extruding a pellet that consists of a
multiplicity of alternating layers of a matrix polymer and a barrier matetial that resists gas
transmission, and compression molding the pellet to form a liner disk in which the alternating
layers are oriented generally parallel to the plane of the disk. The layers in the pellet
preferably are coextruded from inputs of barrier material, matrix polymer and compatibilizer.
These materials may be separately extruded, or the compatibilizer may be mixed with the
‘barrier material, the matrix polymer or both prior to extrusion. In the preferred
implementaﬁon of the invention, the layers in the pellet are coextruded from a second input
consisting of a blend of the matrix polymer and a compatibilizer material that promotes
adhesior; between the material layers. The step of compression molding the liner preferably
is carried out by compression molding the liner in situ within a closure cap.

Thus, in accordance with a third aspect of the present invention, there is
provided a sealing liner for a plastic closure that comprises a disk that consists essentially of

a multiplicity of alternating layers of matrix polymer material and a barrier material that resists



EVA. A second sanpl e was another control sanplie, 1 SONS -af bl end of 25
%EVOH, 65 % EVA and 10% conpatibilizer. A thi T % )€ cpnsi sted of
10% EVOH, 80% EVA and 10% conpati bilizer W|th tthe Tayers in fhe film
oriented parallel to the plane of the liner fillm 44sHého8B8if FIG 4A
prior to conpression nolding. A fourth test sarrpl e consisted 110% EVOH,
80% EVA and 10% conpati bilizer, this tine vmth the Tayers in thé film
oriented perpendicular to the plane of the f| (Im.as.shown in Flé 4B. A
fifth test sanple consisted of 10% nyl on, 80% EVA and 10% conpatibilizer
with filmlayers oriented as in FIG 4A and a sixth test sanpl e consi st ed

of 10% ny| eransieSiorEyogypén hidcadon didxitel thasih \thet 1aydrs.| Mhk yin g linef prfdrasly as
in FIG 4B. Al filns were of identical thickness of 25 to 30 nmls. Table 1

1s compression molded in situ within a plastic closure from a compression mold charge or

—

pellet in which the alternating layers are coextruded.

Brief Description of the Drawings

The invention, together with additional objects, features and advantages thereof,
will be best understood from the following description, the appended claims and the
accompanying drawings in which:

FIG. 1 is a functional block diagram of a process for fabricating compression
mold charge pellets in accordance with a presently preferred embodiment of the invention;

FIG. 2 is a schematic diagram that illustrates compression molding of a charge
pellet to form a barrier liner in accordance with the preferred embodiment of the invention;

FIG. 3 is a sectioned elevational view on an enlarged séale of a plastic closure
fabricated in accordance with the preferred method of the invention illustrated in FIGS. 1 and
2,

FIGS. 4A and 4B are schematic diagrams of charged pellets in closure caps in
tests oﬁentations described in the application;

FIG 5A is a schematic diagram of a closure showing points at which
photomicrographs (FIGS. 5C-5G) were taken;

FIGS. 5B-5G are photomicrographs of test results obtained in implementation
of the preferred embodiment of the invention;

FIGS. 6 and 7 are views similar to that of FIG. 3 but showing modified liner

geometries; and



illustrates the test results:
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Oxygen Perneability
(cc*m | /d*at mr100 sq. Duroneter Test Sanple

in.)

at 75[err]F and 100% RH Scal e)

fade

(Shore A _g. s ||

FIG. 8 is a view similar to that of FIG. 1 but showing a modified process.

Detailed Description of Preferred Embodiments

FIG. 1 illustrates a system 10 in accordance with one presently preferred
implementation of the invention as comprising a pair of extruders 12, 14 each having an
associated mixing hopper 13, 15. Extruders 12, 14 direct extrudate as first and second inputs
to a layer generation device 16. Layer generation device 16 forms the respective inputs into
discrete generally parallel layers, and feeds the parallel layers to a layer multiplication device
18. The output of layer multiplication device 18 is an extruded rod from which discrete
charge pellets 20 may be cut. Pellet 20 has parallel essentially discrete alternating layers, each
layer consisting of one of the input materials to layer generator 16 from extruders 12, 14. The
number of parallel layers in pellet 20 is a function of the number of stages and the construction
of each stage in layer multiplication device 18. In one presently preferred implementation of
the invention, layer generation device 16 and layer multiplication device 18 are as disclosed
in U.S. Patent Nos. 5,094,793 and 5,628,950, incorporated herein by reference. Other
conventional layer generation schemes may be employed.

| FIG. 8 illustrates a modified system 10a in which the barrier polymer, the

matrix polymer and the compatibilizer are fed from associated separate extruders 12, 14a, 14b

. 10 a conventional coextrusion device 16a. The resulting pellet 20d has multiple flat, spiral or

coaxial layers. In a three-input system configuration as in FIG. 8, the layers of compatibilizer
will be thin and disposed between each sequential layer of barrier material and matrix polymer.
Suitable conventional coextrusion devices are disclosed, for example, in U.S. Patent Nos.

4,522,773, and in the background discussion of U.S. Patent No. 5,628,950. The disclosures



(1) 100% EVA Contr ol

9Z (2) 25% EVCOH, 10% c, 65% EVA (Bl end)

(3) 10% EVOH, 10%c, 80% EVA (FIG 4A) 16

10% EVOH, 10%c, 80% EVA (FI G 4B) 20 |

Nyl on, 10% c, 80% EVA (FIG 4A) 25 _g. :

Nyl on, 10% c, 80% EVA (FI G 4B) 31 = 11

It will be noted that all of the test sanples 346 J _

present invention exhibited a marked reductionjin oxygen perneabyllty as

conpared with both the - .
of these materials are incorporated herein by reference. As another modification to the

embodiment of FIG. 1, barrier material can be added to the matrix polymer and compatibilizer
input to extruder 14. For example, the input to extruder 14 may consist of 10% EVOH, 10%
compatibilizer and 80% EVA, all by weight. Extruder 12a is operated at a lower rate so that
total composition remains within the ranges discussed above. Disposition of some barrier
material within the thermoplastic elastomer layers further enhances the barrier properties of
the material.

For manufacture of plastic closure barrier liners in accordance with the presently
preferred implementation of the invention, the input to extruder 12 or 12 a at hopper 13
preferably consists of one or more barrier polymers, while the input to extruder 14 at hopper
15 preferably consists essentially of one or more matrix polymers (TPE or soft olefin) and a
compatibilizer material. The matrix polymer preferably is preblended with lubricant and any
desired colorants. The input materials are thoroughly mixed and blended in hopper 15. The
barrier polymer input to extruder 12 preferably is one or more high gas barrier plastic resins
selected from the group consisting of EVOH, nylon, acrylonitrile copolymers such as styrene
acrylonitrile .and acrylonitrile methylacrylate, blends of EVOH and amorphous nylon,
nanocomposites of EVOH or nylon and clay, blends of EVOH and an ionomer, acrylonitrile,
cyclic olefin copolymers, and blends thereof. The matrix polymer input to extruder 14
preferably is selected from the group consisting of EVA, ethylene/propylene copolymers,
styrene  block  copolymers, terpolymers, ionomers, thermoplastic  rubbers,
styrene/ethylene/butadiene/styrene block copolymers, styrene/ethylene/butadiene/styrene

compounds, styrene/butadiene/styrene block copolymers, EPDM, metallocene linear low



100% EVA control sanple 1 and the blend control sanple 2. Indeed, as
cenpared with blend sanple 2, the test sanples ip q._\,},y_l[‘__y:q.hl_!x(;_veevyt_b_g t he
i nvention exhibited a marked reduction in oxygen: péFh@abiit yhiebkbn with
markedly | ess EVOH. This reduction in perneability at-tesser~EVQH[i s due
to the layering in the filmand the |aygy_reori entati gny that «daakgs jpl ace in
the film during the conpression nol di ng=operatiopn.jlt w'll be ndted in
this respect that, although the test results for}|sanptes— 3 and in whi.ch
the layers in the filmwere oriented parallel to the plane of the filmas
in FIG 4A were slightly better than the test resul'tS When the layers were
ori ented pejopetsiene)l dtallotereltgndidaitepatipropers, syatheictelastdrier aliBys, trhigbers such
difference in results is not marked. This is believed to be due to the
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causes fl ow youtwardly so as to recon

styrene/ethylene/butylene, polypropylene/butyl rubber, and blends wnereof. The compatibilizer
input to extruder 14 preferably is selected from the group consisting of maleic anhydride
grafted polymers, ethylene vinyl acetate grafted polymers, ethylene methyl acrylate, ionomers
and blends thereof. As noted above, a lubricant selected from the group consisting of fatty
acid esters, glycols, waxes, primary amides, secondary amides, secondary bis-amides and
blends thereof, preferably is preblended with the matrix polymer.

The relative percentages of the barrier polymer, the matrix polymer and the
compatibilizer material depend upon the micknesses.of the respective layers formed at stages
16, 18, which in tum depend upon the extrusion flow rates at extruders 12, 14. The blend
input to extruder 14 and the relative rates of extrusion preferably are such that the barrier
material and the matrix polymer in the final liner are each in an amount within the range of
about 2% to 50% by weight. Most preferably, the amount of barrier polymer in the final
output 20 preferably is in the range of about 6% to 35% by weight, the compatibilizer material
preferably is in the range of about 6% to 20% by weight, with the balance consisting of the
matrix polymer. Increase in the percentage of the barrier material increases the cost of the
resulting liner. Indeed, a key advantage of the present invention lies in the fact that the
layered construction of the liner increases the barrier properties of the liner as compared for
example with EVA/EVOH blends, so that a lesser amount of barrier material can be employed
than would be the case with blended polymer liners. The amount of adhesive/compatiblizer

material is selected to achieve a desirable amount of bonding between the layers, and to tailor



t he Iayered construction of the pellet even when.the. layens~1n4§fally are
peTpendlcuIar to the _ final fllnlplane sAvifs s Hal el fustrat ed
in FIGS. 5A-5G FIG 5A is a plan schematic dlagran1eﬁ -a-cap-and [iner
illustrating five |ocations at which sanples were cut ﬁnq,§ta ge? and
phot om crographs taken (FIGS. 5C- 5G). ﬁhG. 5B shoﬂs % e'ini ¥ p¢||et
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the viscosity of the matrix polymer with which the compatibilizer is blended. It is to be noted
in this respect that blending of the compatibilizer with the matrix polymer prior to extrusion
eliminates a third extruder that would otherwise be necessary, and also permits the
compatibilizer to be employed for tailoring the viscosity of the matrix polymer. It is
considered desirable that the flow rates of the extrudates input to layer generation stage 16 be
as closely matched as possible. Material flow rates are published by material manufactures,
and can be employed in selecting suitable materials. By mixing EVA with a maleic anhydride
compatibilizer, the viscosity of the compatibilizer is reduced more closely to match the
viscosity of the EVOH. The viscosities of the separate feed streams must be adequately
matched to provide proper layer formation. As taught in U.S. Patent No. 5,628,950, the
disclosure of which is incorporated herein by reference, the melt viscosity difference between
the materials of the different layers should be no greater than a factor of five to provide proper
layer formations.

It will be understood that the relative component percentages will vary with
applications, and will depend ameng other factors upon hardness and therefore sealability, and
desired removal torque. As to hardness, it has been found that a liner hardness higher than
about 94 or 95 Shore (A) is too hard for proper sealing with the container. When employing
a matrix polymer that is relatively hard, such as EVA, the upper limit of the barrier material
may be relatively low. However, when employing a matrix polymer of relatively low
hardness, such as polypropylene/butyl rubber, the upper limit of the barrier material may be

much higher.



configuration, with layers in the charge pellet oriented essentially

perpendicular to the plane of the cap base. Theg-EvEH-tayers-haveytaken up
stain and are dark in FIGS. 5B-5G FIG 5B is atHZ8XUmeghi fHEATI pn, while
FIGS. 5C-5G are at 100X magnification. It is al $o;to~be~-noted-that the
hardness of the sanples in Table 1 repgpns subsg‘faritiﬁglgﬁg-.@q_&,_ﬁ___ anti
indicating that all sanples are suitabte for ugejas eal’i ng™ihets.
Second and third sets of test sanples were fabrijcated;"thi's~tiTe jn the
formof liners conpression nolded into closureg. The test materipls were

extruded through the system of FIG 1 at a nmelt tenperature of 440 F in
proportions to yiel FlGh?illscitescarharge goliet 20 plagss wittbe p peefabrizated plagtic plpsuter e

manual |y cut fromthe extrudate and placed in closure shells 22.

cap 22 in the female die 24 of a compression mold 26. A male die section 28 is closed against

pellet 20, cap 22 and die 24 so as to compression mold pellet 20 into a liner that is welded or

bonded to the interior surface of the cap base. That is, referring to FIG. 3, the charge pellet

is compression molded in situ against the base 30 of cap 22 so as to form a liner 20a. This

may be accomplished by hand, or more preferably with the machine disclosed in the above-

noted U.S. Patent No. 5,451,360. Cap 22 also includes a skirt 32 that extends from the

periphery of base 30, having internal threads 34 for securing cap 22 to a container.

Alternatively, pellet 20 may be separately compression molded to form liner 20a, which may

then be adhesively secured within cap 22 against base 30. Such an operation requires

additional steps and expense, and is therefore not preferred. As a second alternative, the liner

may be formed in the closures as disclosed in U.S. Patent Nos. 3,674,393, 3,702,148,

3,877,497 and 4,518,336. FIG. 6 illustrates an alternative liner 20b having a flat geometry,

as opposed to the liner 20a of FIG. 3 having a thickened periphery. FIG. 7 illustrates a liner

20c having a flat periphery and 2 thickened mid section for holding additional barrier material.

. Samples have been fabricated and tested in implementation of the present

invention. In these samples, the matrix polymer was EVA marketed by DuPont under the

trademark ELVACG650. The barrier polymer was either EVOH marketed by Evalca under the

trade designator E105B, or nylon marketed by DuPont under the trademark SELAR PA. The

compatabilizer was a maleic anhydride grafted polymer marketed by Mitsui Petrochemical

under the trade designation ADMER QF551.



Wth the pellets 20 still at or near melt tenperature, the closure and
pellet were placed in a conpression nold as in F+&— 2wand t_-he-eﬁf'pressmn
tool was activated to conpress the pellet. The fi FiFLayedtin=8EET dellets
were at the perpendicular orientation of FIG 4B.; Themcorrp*r*essrt'n force
was about 800 psi, and was held for aboqyg_15 seCOﬂdS Gh*{ ?P gl gsure
with l'iner was then threaded onto a PET-bottle f|>n|ish at FidUs] t andar d
application torque (25 to 30 inch-pounds for a 4;3 fmTtrI“USU‘r‘eT“"'he; finish
was then cut fromthe bottle and epoxied onto a ~m3ta| pl ate surroyndi ng a
hol e coupled to a purge tube. The plate with cl osUT e WA Ced in a
Mocon OXYTRAN oxygenAdfustrsents dfisayplesweere fabrioated éroma cempressién mokded dinesfiine
was nmaintained at 1 atm 75[err]F and 100% rel ative hum dity, and nitrogen

gas was usege., hét disgos&d in\QpY 2byIMEhatk itdlt Barhples WhieSHbicated HEASHUMgRINSEA at
concentration, and therefore oxygen

the desired ratio through the extrusion system of FIG. 1 at a melt temperature of 380 to 440°F.

L0

The extrudate possessed 129 layers. The extrudate, still at melt temperature, was sandwiched
between two Teflon-coated metal plates, with the layers either parallel or perpendicular to the
planes of the plates. The assembly was then placed in a Carver press and compressed at about
450 psi for about 30 seconds to a film thickness of 25 to 30 mils. Shims were placed between
the plates to determine final thickness. The assembly (plates and compressed film) was then
removed from the press and placed in a room-temperature water bath for 15 seconds. The
compressed film was then removed from the plates and dried. Oxygen permeability was
measured according to ASTM D3985 at 100% relative humidity and 75°F.

A first test sample of this first series was a control sample consisting of 100%
EVA. A second sample was another control sample consisting of a blend of 25% EVOH, 65%
EVA and 10% compatibilizer. A third test sample consisted of 10% EVOH, 80% EVA and
10% compatibilizer with the layers in the film oriented parallel to the plane of the liner film,
as shown in FIG. 4A, prior to compression molding. A fourth test sample consisted of 10%
EVOH, 80% EVA and 10% compatibilizer, this time with the layers in the film oriented
perpendicular to the plane of the film as shown in FIG. 4B. A fifth test sample consisted of
10% nylon, 80% EVA and 10% compatibilizer with film layers oriented as in FIG. 4A, and
a sixth test sample consisted of 10% nylon, 80% EVA and 10% compatibilizer with film layers
oriented as in FIG. 4B. All films were of identical thickness of 25 to 30 mils. Table 1

illustrates the test results:
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st*eady state, the figure was recorded. o - A sBEond set |of
sanpl es consi sting of 20% EVOH, 16% conpati bili zerj a;;;nd:i B490 P W r

constructed frompellet |ayer orientations as illustyat Tk B las
1 e e anm i e T
| -14 - \

TABLE 1

Oxygen Permeability
(cc*mil/d*atm*100 sq. Durometer
Test Sample in.) (Shore A
at 75°F and 100% RH Scale)

(1) 100% EVA Control 790 92
(2) 25% EVOH, 10% c, 65% EVA (Blend) 110 93
(3) 10% EVOH, 10% c, 80% EVA (FIG. 4A) 16 94
(4) 10% EVOH, 10% c, 80% EVA (FIG. 4B) 20 94
(5) 10% Nylon, 10% c, 80% EVA (FIG. 4A) 25 94
(6) 10% Nylon, 10% c, 80% EVA (FIG. 4B) 31 . 94

It will be noted that all of the test samples 3-6 in accordance with the present
invention exhibited a marked reduction in oxygen permeability as compared with both the
100% EVA control sample 1 and the blend control sample 2. Indeed, as compared with blend
sample 2, the test samples in accordance with the invention exhibited a marked reduction in
oxygen permeability even with markedly less EVOH. This reduction in permeability at lesser
EVOH is due to the layering in the film and the layer reorientation that takes place in the film
during the compression molding operation. It will be noted in this respect that, although the
test results for samples 3 and 5 in which the layers in the film were oriented parallel to the
plane of the film as in FIG. 4A were slightly better than the test results when the layers were
oriented perpendicular to the plane of the film as in FIG. 4B, the difference in results is not
marked. This is believed to be due to the fact that the heat and pressure of the compression
molding operation causes flow of the layered material radially outwardly so as to reconfigure

the layered construction of the pellet even when the layers initially are perpendicular to the



sanpl es, conpression nolded in situ into polypropylgpgfﬁaﬂgﬂfaihfﬁ Wwo
nmont hs of testing, neasured an oxygen transm ssi Vi Ot”ﬁ 001cclday, as
conpared with a transmissivity of 0.012cc/day for an identical capiwith a
100% EVA liner. All liners in all tests were of iident it dafify. 3% |nch

thi ckness and a dianeter of 1.509 inchegs. P Athird set [of test
sanpl es consisted of liners conpression-molded injsitu into 43 nn1 Iastlc
caps 22. Al liners were 0.025 inches thick with diianeterof -1,

inches. The following table illustrates the test results:

Table 2 Sanpl e en

Tr ansmi ssi ying) film plane. This is alsonglustrated in FIGS. 5A-5G. FIG. 5A is a plan %c ematic

(cc/ day)
diagram of a cap and liner illustrating five locations at which samples were cut and stained,
and photomicrographs taken (FIGS. 5C-5G). FIG. 5B shows the initial pellet layer
configuration, with layers in the charge pellet oriented essentially perpendicular to the plane
of the cap base. The EVOH layers have taken up stain and are dark in FIGS. 5B-5G. FIG.
5B is at 10X magnification, while FIGS. 5C-5G are at 100X magnification. It is also to be
noted that the hardness of the samples in Table 1 remains substantially constant, indicating that
all samples are suitable for use as sealing liners.

Second and third sets of test samples were fabricated, this time in the form of
liners compression molded into closures. The test materials were extruded through the system
of FIG. 1 at a melt temperature of 440°F in proportions to yield the desired weight ratios.
Pellets 20 (FIG. 2) were manually cut from the extrudate and placed in closure shells 22.
With the pellets 20 still at or near melt temperature, the closure and pellet were placeéd in a
compression mold as in FIG. 2, and the compression tool was activated to compress the pellet.
The film layer in all pellets were at the perpendicular orientation of FIG. 4B. The
compression.force was about 800 psi, and was held for about 15 seconds. Each test closure
with liner was then threaded onto a PET bottle finish at industry standard application torque
(25 to 30 inch-pounds for a 43 mm closure). The finish was then cut from the bottle and
epoxied onto a metal plate surrounding a hole coupled to a purge wbe. The plate with closure
was then placed in a Mocon OXYTRAN oxygen permeability tester. Oxygen outside of the
closure was maintained at 1 atm, 75°F and 100% relative humnidity, and nitrogen gas was used

to purge the volume within the closure to measure oxygen concentration, and therefore oxygen



1. 100% EVA Li ner 0. 012 o e e
EVOH, 1% conpati bili zer, 55%5\;”,6,‘(%5516,«1

0. 006 3. Layered 20% EVOH, 80% EVA/ ==
conpatibilizer 0. 0015 P

. © 43wy @ thus can be
seen, sonmewhat surprisingly, that oxyge_ri6t_ransm' s§5i¥ity di_d not Jde;pend in
the test sanples on pellet layer orientation prioy 10 nolding. Tn gl of
the test sanples discussed above, the pellets injtially containedjone
hundred twenty-nine alternating layers of matrix polyner (EVA) and barrier
pol ymer (EVOH or nylon), with the conpatibilizer pre-blended with the

mat ri x pol ypermeatich thesughebd doswes. eWhemnoxyigein peimeabidity reach steady state, the figure was

recorded.

A second set of samples consisting of 20% EVOH, 16% compatibilizer and
64% EVA were constructed from pellet layer orientations as illustrated in FIG. 4B. These
samples, compression molded in situ into polypropylene caps, after two months of testing,
measured an oxygen transmissivity of 0.001cc/day, as compared with a transmissivity of
0.012cc/day for an identical cap with a 100% EVA liner. All liners in all tests were of
identical 0.025 inch thickness and a diameter of 1.509 inches.

A third set of test samples consisted of liners compression molded in situ into
43 mm plastic caps 22. All liners were 0.025 inches thick with a diameter of 1.509 inches.

The following table illustrates the test results:

Table 2
Sample Oxygen Transmissivity
(cc/day)

1. 160% EVA Liner 0.012
2. 34% EVOH, 1% compatibilizer,

65% EVA (blend) 0.006
3. Layered 20% EVOH, 80% EVA/

compatibilizer 0.0015

It thus can be seen, somewhat surprisingly, that oxygen transmissivity did not
depend in the test samples on pellet layer orientation prior to molding. In all of the test
samples discussed above, the pellets initially contained one hundred twenty-nine alternating
layers of matrix polymer (EVA) and barrier polymer (EVOH or nylon), with the

compatibilizer pre-blended with the matrix polymer. Other tests were run with similar



- 17- materials containing only nine layers in the @x@rqd@«d wﬁ*et . Wen
the layers in the initial pellet were oriented par'al Lel. tg-t-he.-f.J.na pl ane
of the liner - i.e., parallel to the closure base 3s 4\%’ t he
oxygen transmissivity was 0.0017 cc/day. Wen the Imyerg‘ ttally
oriented perpendicular as in FIG 4B, tlge.oxygen tr‘ SH-SS-w-ty—undel
I dentical test conditions was 0.0029 ccfday. It |§ bel i eved that a$ | ong
as there is a sufficient nunber of layers in the :

materials containing dnly nine layers in the extruded pellet. When the layers in the initial
pellet were oriented parallel to the final plane of the liner - i.e., parallel to the closure base as
in FIG. 4A - the oxygen transmissivity was 0.0017 cc/day. When the layers were initially
oriented perpendicular as in FIG. 4B, the oxygen transmissivity under identical test conditions
was 0.0029 cc/day. It is believed that, as long as there is a sufficient number of layers in the
extruded pellet and the final liner, the barrier properties of the liner will be achieved without
regard to the orientation of the layers prior to molding.

4 It is preferable that the multiple layers each be of substantially uniform
thickness, although this is not critical because of the multiplicity of layers. It is also preferred
that each layer be of uniform composition. It is anticipated that additional layers of other
materials exhibiting other desired properties may be employed in certain applications.

There have thus been disclosed a barrier liner, a closure with barrier liner, and
a method of manufacturing the same, that fully satisfy the objectives and aims previously set
forth. The liner is readily manufactured from otherwise conventional materials, and
employing otherwise conventional techniques and equipment. The liner provides improved
efficiency, in terms of the quantity of barrier material employed versus permeation and
transmission of gasses such as oxygen and carbon dioxide, water vapor, and essential flavor
oils (flavor scalping). Specific matrix/barrier combinations have been disclosed. Other
combinations are envisioned for different applications, and will suggest themselves to persons
or ordinary skill in the art based upon the principles and parameters herein discussed.

All U.S. patents and publications noted above are incorporated herein by

reference.
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L.
A sealing liner for a plastic closure that comprises a disk (20a, 20b or 20c) that
consists essentially of a multiplicity of alternating layers of a matrix polymer material and a barrier

material to resist transmission of gas, water vapor and/or flavorants through said liner.

2.

The liner set forth in claim 1 wherein said liner includes a compatibilizer material to

promote adhesion between the layers.

A plastic closure that comprises:
a cap (22) having a base (30) with a peripheral skirt (32) defining a cap interior and
means (34) on the skirt for securing the closure to a container, and

‘a liner (20a, 20b or 20c) as set forth in claim 1 or 2 secured to the interior of said base.

4,

The invention set forth in claim 3 wherein said liner is compression molded in situ
within said cap.

e
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The closure set forth in any preceding claim wherein said barrier material is in the
range of about 6% to 35% by weight in said liner, said compatibilizer material is in the range of about

6% to 20% by weight, the balance consisting of said matrix polymer material,

6.
The closure set forth in claim 5 wherein said matrix polymer is selected from the group

consisting of thermoplastic elastomers, soft olefin polymers, and mixtures thereof.

7.
The closure set forth in claim 6 wherein said matrix polymer is a thermoplastic

elastomer having a Shore A hardness of 45 to 95 and a flexural modulus of 30,000 to 100,000 psi.

8.
The closure set forth in claim 6 wherein said matrix polymer is a thermoplastic

elastomer selected from the group consisting of styrene block copolymers and elastomeric alloys.

9.
The closure set forth in claim 6 wherein said matrix polymer is an olefin polymer

having a Shore A hardness less than 100.
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The closure set forth in claim 9 wherein said olefin polymer is selected from the group
consisting of metellocene polyethylene, ethylene-propylene rubbers, ethylene copelymers, and

mixtures thereof.

11,
The clqsure set forth in claim 5 wherein said barrier material is selected from the group
consisting of EVOH, nylon, acrylonitrile copolymers, blends of EVOH and amorphous nylon,
nanocémposites of EVOH or nylon and clay, blends of EVOH and an ionomer, acrylonitrile, cyclic

olefin copolymers, and blends thereof.

12.
The closure set forth in claim 5 wherein said compatibilizer is selected from the group
consisting of maleic anhydride grafted polymers, ethylene vinyl acetate grafted polymers, ethylene

methyl acrylate, ionomers and blends thereof.

13.
The closure set forth in claim 5 wherein said barrier material comprises EVOH or

nylon, and said matrix polymer comprises EVA.
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1. A plastic closure that conprises: a cap (22) having a base (30) with
a ‘peripheral skirt™(32) defining a cap interior anxd*n‘eaﬁs(%%—-eﬂ—t-he skirt

for securing the tainer, and a |in@EP(2UAIENOBHBET 20c)
that COI’ISI st S essei ﬂﬂtmlﬂl "ﬁl I tijplicity of al ter natl“ng~+*aye1~s~‘ off a
mat ri X -21- ¢ {4 MAY 1999
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14.

The closure set forth in claim 4 wherein said matrix polymer material consists

essentially of a blend of one or more matrix polymers and said compatibilizer material.

1s.
The closure set forth in any preceding claim wherein said liner consists of at least nine

alternating layers of said matrix polymer and barrier materials.

16.
The closure set forth in claim 15 wherein said liner consists of at least thirty-three

alternating layers.

17.
The closure set forth in claim 16 wherein said liner consists of one hundred twenty-

nine alternating layers.

18.
The closure set forth in any preceding claim wherein said liner has a Shore A hardness

of not more than 94.
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19.

The closure set forth in any preceding claim wherein said liner contains lubricant in

the amount of about 0.5% to 1.5% by weight.

20.
The closure set forth in claim 19 wherein said lubricant is in the amount of about 0.5%

by weight.

21
The closure set forth in claim 19 wherein said lubricant is selected from the group
consisting of fatty acid amides, fatty acid esters, microcrystalline waxes, polyethylene glycols, primary

amides, secondary amides, secondary-bis amides, and blends thereof.

22.
A method of making a liner for a plastic closure as set forth in any preceding clatm that
comprises the steps of:
'(a) extruding a pellet (20) that consists essentially of a multiplicity of altemating layers
of a matrix polymer material and a barrier material that resists gas transmission, and
(b) compression molding said pellet to form a liner disk (20a, 20b or 20c) in which the

alternating material layers are oriented generally parallel to the disk.
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23.
The method set forth in claim 22 wherein said matrix polymer material consists

essentially of a blend of one or more matrix polymers and a compatibilizer material.

24,
The method set forth in claim 23 wherein the blend of matrix polymer and
compatibilizer materials differs in melt viscosity from said barrier material by no more than a factor

of five.

25.
The method set forth in claim 22 wherein said step (a) includes the step of extruding

a compatibilizer material with said matrix polymer and barrier materials.

26.
The method set forth in claim 25 wherein said compatibilizer material is blended with

one or both of said matrix polymer and barrier materials prior to extrusion.

27.
The method set forth in claim 25 wherein said matrix polymer material, said barrier

material and said compatibilizer material are extruded as separate layers.
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6. The cl osure set forth in claim3 vvhereln “sal d marrix

polyner is an ol efin polyner
28,

The method set forth in claim 27 wherein layers of barrier material and matrix polymer
material alternate with each other, and wherein a layer of said compatibilizer material is disposed

between each layer of barrier material and each layer of matrix polymer material.

29,
The method set forth in any one of claims 22-28 that comprises the additional step of:
(c) providing a closure cap (22) having a base (30) and a peripheral skirt (32) defining
a cap interior and means (34) on said skirt for securing the cap to a container, and

(d) securing said liner disk to the interior of said base.

30.
The method set forth in claim 29 whereixt said steps (b) and (d) are carried out

simultaneously by compression molding said pellet in situ on the interior of said base.
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having a Shore A hardness | ess than 100, e
7. The closure set forth in claim6 wherein sai
selected fromthe group consisting of netell ocene pol
et hyl ene- propyl ene rubbers, ethyl ene copol yners, and}

-25.

A e i e gt S

PLASTIC CLOSURE WITH COMPRESSION MOLDED SEALING/BARRIE_I}__ M_I}I_E_R
Abstract of the Disclosure

A plastic closure that comprises a cap (22) having a base (30) with a peripheral skirt
(32) defining the cap interior and threads (34) on the skirt for securing the closure to a container.
A liner (20a, 20b or 20c) is secured to the interior of the cap, preferably by being compression
molded in situ on the base. The liner consists essentially of a multiplicity of alternating layers of a
matrix polymer material such as EVA and a barrier material such as EVOH to resist transmission of
gas, water vapor and/or flavorants through the liner. The matrix polymer material preferably is
preblended with a compatibilizer material such as a maleic anhydride grafted polymer that ties the

matrix polymer material to the barrier material.

Figure 3
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11. The closure set forth in claim1 wherein said matrix anynﬁr
material consists essentially of a blend of one or rnw!”;ggt&egwﬁNﬂ SHEFD
and said conpatibilizer material. - R
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19. A nmet hod of making a liner for a

forth in any preceding claimthat

Claims:

1.

A plastic closure that comprises:

a cap (22) having a base (30) with a peripheral skirt (32)

defining a cap interior and means(34)
securing the closure to a container, and
a liner (20a, 20b or 20c) that consists

multiplicity of alternating layers of

on the skirt for

essentially of a

a matrix polymer

material and a barrier material to resist transmission of

o gas,. water vapor and/or flavorants through said liner,

wherein said liner is compression molded in situ within said

cap and includes a compatibilizer material to promote

adhesion between the layers.
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conprises the st extruding a pellet (20) that
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The closure set forth in claim 1 wherein said barrier material is in the

range of about 6% to 35% by weight in said liner, said compatibilizer material is in the range of about

6% to 20% by weight, the balance consisting of said matrix polymer material,

3.

The closure set forth in claim 2 wherein said matrix polymer is selected from the group

consisting of thermoplastic elastomers, soft olefin polymers, and mixtures thereof.

4.

The closure set forth in claim 3 wherein said matrix polymer is a thermoplastic

elastomer having a Shore A hardness of 45 to 95 and a flexural modulus of 30,000 to 100,000 psi.

5.

The closure set forth in claim 3 wherein said matrix polymer is a thermoplastic

elastomer selected from the group consisting of styrene block copolymers and elastomeric alloys.

6.

The closure set forth in claim 3 wherein said matrix polymer is an olefin polymer

having a Shore A hardness less than 100,



20.
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7.
The closure set forth in claim 6 wherein said olefin polymer is selected from the group
consisting of metellocene polyethylene, ethylene-propylene rubbers, ethylene copolymers, and

mixtures thereof.

8.

The closure set forth in claim 2 wherein said barrier material is selected from the group
consisting of EVOH, nylon, acrylonitrile copolymers, blends of EVOH and amorphous nylon,
nanocomposites of EVOH or nylon and clay, blends of EVOH and an ionomer, acrylonitrile, cyclic

olefin copolymers, and bleﬁds thereof.

9.

The closure set forth in claim 2 wherein said compatibilizer is selected from the group

consisting of maleic anhydride grafted polymers, ethylene vinyl acetate grafted polymers, ethylene

methyl acrylate, ionomers and blends thereof,

10.
The closure set forth in claim 2 wherein said barrier material comprises EVOH or

nylon, and said matrix polymer comprises EVA.
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barrier material and said conpati bil iﬁer material are extruded as separate

| ayers.

The closure set forth in claim 1 wherein said matrix polymer material consists

essentially of a blend of one or more matrix polymers and said compatibilizer material.

12.

The closure set forth in any preceding claim wherein said liner consists of at least nine

alternating layers of said matrix polymer and barrer materials.

13.

The closure set forth in claim 12 wherein said liner consists of at least thirty-three

alternating layers.

14.

The closure set forth in claim 13 wherein said liner consists of one hundred twenty-

nine altemating layers,

15.

The closure set forth in any preceding claim wherein said liner has a Shore A hardness

of not more than 94,
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16.
The closure set forth in any preceding claim wherein said liner contains lubricant in

the amount of about 0.5% to 1.5% by weight,

17.
The closure set forth in claim 16 wherein said lubricant is in the amount of about 0.5%

= by weight.

18.

The closure set forth in claim 16 wherein said lubricant is selected from the group
consisting of fatty acid amides, fatty acid esters, microcrystalline waxes, polyethylene glycols, primary

amides, secondary amides, secondary-bis amides, and blends thereof,

19.
A method of making a liner for a plastic closure as set forth in any preceding claim that

comprises the steps of:

(a) extruding a pellet (20) that consists essentially of a multiplicity of alternating layers
of a matrix polymer material and a barrier material that resists gas transmission, and

(b) compression molding said pellet to form a liner disk (20a, 20b or 20c) in which the

alternating material layers are oriented generally parallel to the disk.



26. The ne*rhod setr—forth in any one of clains 19-25 that conpri ses
the additional st e ‘(c) providin ﬁt-wC' ASUEST $22)

havi ng a base (30 IN“!L[ @Em skirt (32) deflgl ng - ‘21‘ Cag rﬁt*e pr and
nmeans (34) on sal i ng the cap to a ¢ontai ner, and

(d) securing said liner disk to the i ntéfor of sai hages JUH 2080

27. The nethod set forth in claim26 whefeiin_said_steps {b) and
(d) are carried out sinultaneously by conpression mDIdlng said pellef in
situ on the interior of said base. 20.

The method set forth in claim 19 wherein said matrix polymer material consists

essentially of a blend of one or more matrix polymers and a compatibilizer material.

21.

The method set forth in claim 20 wherein the blend of matrix polymer and
compatibilizer materials differs in melt viscosity from said barrier material by no more than a factor

of five.

22.

The method set forth in claim 19 wherein said step (a) includes the step of extruding

a compatibilizer material with said matrix polymer and barrier materials.

23,

The method set forth in claim 22 wherein said compatibilizer material is blended with

o one or both of said matrix polymer and barrier materials prior to extrusion.

240
The method set forth in claim 22 wherein said matrix polymer material, said barrier

material and said compatibilizer material are extruded as separate layers.
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25,

Th& method set forth in claim 24 wherein layers of barrier matetial and matrix polymer
material alternate with each other, and wherein a layer of said compatibilizer material is disposed

between each layer of barrier material and each layer of matrix polymer material.

26.
The method set forth in any one of claims 19-25 that comprises the additional step of:
(c) providing a closure cap (22) having a base (30) and a peripheral skirt (32) defining
a cap interior and means (34) on said skirt for securing the cap to a container, and

(d) securing said liner disk to the interior of said base.

27.

The method set forth in claim 26 wherein said steps (b) and (d) are carried out

simultaneously by compression molding said pellet in situ on the interior of said base.



