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PLASTIC CLOSURE WITH COMPRESSION MOLDED BARRIER LINER

The present invention is directed to plastic container closures for beverage,
food, juice, pharmaceuti;al and like applicarions, and more particularly to an improved process -
for providing closures with sealing liners haviﬁg transmission resistazce to gaseS. water vapor
and/or flavorants (flavor scalping). |

Reference is made to concurrently filed application Serial No. (Docket 17155)
entitled “Plastic Closure with Compression Molded Sealing/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 haviﬁg a base with a peripheral skirt and threads for securing the cap to a
contair;cr, and a sealing liner compression molded in siru on the interior of the cap base. The
sealing liner comprises a blend of ethylene vinyl acetate (EVA) and a thermoplastic elastomeric
material such as olefin or styrene-butadiene-styrene. U.S. Patent No.x5.451,360 discloses a
method and apparatus for compression molding the liners in situ within the caps.

It has also hererofore been proposed to form a barrier liner for a plastic closure
in an injection or extrusion molding operation from a blend of a thermoplastic olefin

homopolymer or copolymer such as ethyl] viny! acetate (EVA) or thermoplastic elastomer, and

‘a barrier polymer to oxygen and carbon dioxide transmission such as ethyl vinyl alcohol

(EVOH). The blend also typically includes a compatiblizer material to promote adhesion
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It is therefore a general object of the present invention to provide a
liner for a plastic closure that conbines the functions of a seal for
engagenment with the container sealing surface and an i nproved barrier

agai nst gas transm ssion, flavor absorption (flavor scal ping) and/or water
vapor perneation. Another and nore specific object of the present invention
Is to provide a liner of the described character that is of readily

nol dabl e and i nexpensi ve conposition. Yet another object of the invention

e D U it SRl RS il oS
printing on the closure. A further object of the present invention is to
provi de hartiesn mawrial foreghgases than germpare the| B\Vr arrien githerpodotiow aclogyousepath
enbodyi ng such a liner. '
around the EVOH particles or permeare through the EVOH polymer, thus slowing the rate of
gas transmission. The EVOH particles are generally spheroidally dispersed in the EVA carrier
5 since these materials are not miscible. As a general proposition, the percentage reduction in
gas wansmisston corresponds to the percentage content of EVOH in the blend. The results of |
this technology to date have not provided high barrier properties at acceptable cost and sealing
performance.
It is therefore a general object of the present invention to provide a liner for a
10 plastic closure thar 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 1o provide a liner of the described character that is of readily moldable and inexpensive
composition.  Yer aﬁothcr object of the invention is to provide a liner that satisfies. the
15 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 present invention is to provide a

method of fabricating such a liner, and a plastic closure embodying such a liner.

Summary of the Invention

In accordance with one aspect of the present invention, there is provided a
20 plastic closure that comprises a cap having a base with a peripheral skirt defining a cap interior
and means on the skirt for securing the closure to a container. A liner is secured to the interior

of the cap, preferably by compression molding in situ. The liner consists essentially of a blend
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Surrfrary of the Invention In accordance with one aspect of the present

i-nventi on,

there is provided a plastic closure that conprises a cap having

a base with a peripheral skirt defining a cap interior and nmeans on the
skirt for securing the closure to a container. Aliner is secured to the
interior of the cap, preferably by conpression nolding in situ. The |iner
consists essentially of a blend - 3-

of a matrix polymer, a barrier material and a compaubilizer. The barrier material is in the

form of a discontinuous distributed phase of particles in a continuous matrix phase. It has been

found that the hear and pressure of compression molding forms the barrier polymer particles

into thin overlapping substantially two-dimensional platelets that are oriented within the matrix

5 polymer essentially parallel to the plane of the liner. Thus, gas that permeates the liner must

follow a more tortuous path around the platelets, which greatly increases barrier efficiency.

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

10 conventional theremoset 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

Modemn Plastics Encyclopedia Handbook, published by McGraw-Hill, 1994, the disclosure of

15 which is incorporated by reference. Examples of thermoplastic elastomers are stjrene 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-

butadiene-styrene, styrene-isoprene-styrene, and styrene-ethylene/butylene-styrene-styrene.

An elastomeric alloy is ethylene-propylene-diene terpolymer (EPDM). Another elastomeric

20 alloy consists of compounds of EPDM/PP and buty) 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
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of a matrix polymer, a barrier material and a conpatibilizer. The barrier
material is in the formof a discontinuous distributed phase of particles
in a continuous matri x phase. It has been found that the heat and pressure
of conpression nolding forns the barrier polynmer particles into thin
over | appi ng substantially two-di nensional platelets that are oriented
within the matrix polynmer essentially parallel to the plane of the liner.
Thus, gas that perneates the liner nmust follow a nore tortuous path around

the platelets, which greatly,increases barrier efficienc The "matri X
pol yner" etagtomerwﬁrﬁbpmﬁsmeg BY asthoRe A haﬁaﬁf of égéf’i 35'B| %ﬂ@ﬂfﬁdf‘g@lus of
conbi nation thereof. A thernoplastic elastonmer is a synthetic polyner
havi ng t B@.000ee 288,800 psity of a thernoplastic material and the functional

performance and properties of a
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
5 polymers are: metallocene polyethylene, ethylene-propylene rubbers, ethylene copolymers and
blends thereof, ethylene copolymers such as ethylene vinyl acetarte, ethylene methyl acrylate
copolymers and ionomers, and combinations thereof. Examples of soft olefin polymers are
alpha olefin substiruted polyethylenes manufacrured using single site catalyst technology (these
materials are known in the art as metallocene polyethylenes); ethylene vinyl acetate (EVA)
10 such as manufactured by DuPont under the trademark ELVAX; polypropylene made with
single site caralyst technology known in the art as metallocene polypropylenes: 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 Iiﬁe.
15 The matrix polymer is typically compounded with anti-oxidants, lubricants and
other stabilizing materials. as known in the art.

A “cmﬁpatibilizer" is a thermoplastic that ties two other .thermoplastics together
by a reactive (covalent or dipole-dipole) bond or 2 non-reactive (chain entanglement) means.
Examples include maleic anhydride grafted polymers or ethylene vinyl acetate grafted

20 polymers such as Quantum Chemical’'s PLEXAR (trademark), Mitsui Petrochemical's
ADMER (trademark) and DuPont’s BYNEL (wademark) product lines, ethylene methyl

acrylate, and ionomers,
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conventional therenpset rubber. There are six generic classes of
thernopl astic el astonmer commercially available, including styrenic block
copolynmers (SBC), polyolefin blends (TPO), elastoneric alloys,
t her nopl asti ¢ pol yuret hanes (TPU), thernoplastic copol yesters and
t her nopl asti c pol yam des. Thernopl astic el astonmers are descri bed begi nni ng
at page 64 in Mbddem Pl astics Encycl opedi a Handbook, published by
MGawHi ||, 1994, the disclosure of which is incorporated by reference.
Exanpl es of thernoplastic el astomers are styrene bl ock copol ymers as
manuf act ured by Shal'‘ibarries matesial " adhermpplattic sepsarist [hakhesadQw 8d528d/08 Watsfet i ¢
pol ynmers consist of three discrete blocks of the |inear or A-B-A type:
st yr ene- vipor athrsmissiny rase eandspresearsea ibdghp bamier s¢ pdemasts amddessential oils. The
styrene- et hyl ene/ but yl ene-styrene-styrene.
following materials have gas ransmission rates lower than EVA, which is an industry standard
liner material: EVOH (ethylene vinyl alcohol) such as Nippon Goshei’s SOARNOL product
5 line and Evalca’s EVAL (trademark) product line, nylons such as Dupont’s SELAR
(rrademark) PA, EMS’s G21 and Mitsubishi Gas' MXD6 product lines, British Petroleum’s
BAREX (trademark) acrylonirmile 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 and blends are disclosed in U.S. Patent
10 Nos. 4,977,004 and 5,064,716, the disclosures of which are incorporated herein by reference.
Tt is currently preferred that the liner also include an additive for reducing the
coefficient of friction berween the liner and the sealing surface of the container. In the art
these additives are called “lubricants.” Typical additive lubricants include fatty acid amides, .
and famy acid esters, microcrystalline waxes and polyethylene glycols. A preferred lubricant
] is 2 low molecular weight fatty acid amide material thar 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
20 with the general chemical structure R-CO-NH-A-NH-CO-R, where R, R’ are alky! groups and

A is an Y 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 2.0% of the total liner



An el astoneric all oy i s ethyl ene-propyl ene-di ene terpolynmer (EPDM . Another
el astoneric alloy consists of conpounds of EPDM PP and butyl
manuf act ured by Advanced El astoner Systens under the tradenanmes 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, thernoplastic -4- el astoners are
characterized by a Shore A hardness of 45 to 95 and a fl exural

10

15

20

composition by weight, most preferably about 1% by weight. The lubricant is preferably
compounded into thermoplastic elastomer material (along with any desired colorants) by the
material manufacturer. The amount of lubricant and/or colorant is not included in the
calculations of compositions in this application.

In the currently preferred blends of matrix polymer, barrier material and
compatibilizer, the barrier material is in the range of about 20% 10 60% by weight, the
compatibilizer in the range of about 1% to 10% by weight, and the balance consists essentially
of the matrix polymer (with lubricant). The relative component percentages will vary with
applications, and will depend upon hardness and therefore sealability, the ability of the barrier
material to form platelets in the marrix polymer, and desired removal torque. As to hardness,
it has been found that a liner hardness higher than about 94 to 95 Shore (A) is too hard for
proper sealing with the container. When employing an elastomer that is relatively hard, such
as EVA, the upper limit of the barrier material may be relatively low, such as 35% EVOH.
However, when cmplc;ying a marrix polymer of relatively low hardness, such as thermoplastic
elastomer, the upper limit of the barrier material may be much higher, such as 50% to 60%
EVOH.

It has also been found that the amount of barrier material that can be included
in the blend also depends in part upon polarity of the matrix polymer. Miscibility of the
barrier material in the matrix material decreases with decreasing polarity of the matrix
material, which means that higher percentages of barrier material can be blended with matrix
polymers of lower polarity while still maintaining a discontinuous barrier platelet phase. The

amount of compatibilizer also affects the ability of the barrier material to form platelets.
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30,000 to 100,000 psi. Soft olefin polynmers are thernoplastic ol efins,
honopol yners and copol yners which are flexible, elastic with a Shore A

har dness of |ess than about 100. Typical soft olefin polyners are:

nmet al | ocene pol yet hyl ene, et hyl ene-propyl ene rubbers, ethylene copol yners
and bl ends thereof, ethylene copolyners such as ethyl ene vinyl acetate,

et hyl ene net hyl acryl ate copol yners and i ononers, and conbi nati ons thereof .
Exanpl es of soft olefin polymers are al pha ol efin substituted pol yet hyl enes

T O e S B ARSI ST bt
(EVA) such as nmanufactured by DuPont. under the tradenggk anAX;, - do
pol ypr oPplyss tofames e platelets that characterize the invention. Below about 1%, the liner does
not exhibit good mechanical properties and does not bond properly with the closure shell.
In accordance with another aspect of the present invention, there is therefore
5 provided a method for making a liner for a plastic closure that comprises the steps of forming
a pellet that consists essentially of a blend of a thermoplastic elastomer, a polymer having high
barrier properties and a compatiﬁilizer to promote adhesion between the elastomer and the
barrier polymer and between the liner and the closure shell. The pellet is then compression
molded, preferably within a closure shell, to form a liner disk bonded to the closure shell, and
10 within which the heat and pressure from compression molding forms the barrier polymer into
platelets that are oriented essentially parallel 1o the plane of the disk. The resulting liner
exhibits greatly lowered gas transmission rate as compared with a liner formed of a similar
blend in other than a compression molding operation.
[n acco.rdance with a third aspect of the invention, there is provided a sealing
15 liner for a plastic clbsure that comprises a disk that consists essentially of a mattix polymer
within which a dispersion of platelets of a barrier material w gas transmission are disposed
essentally in planes parallel to the disk. The sealing liner preferably is compression molded
in situ within a plastic closure from a compression mold charge or pellet in which the matrix
polymer, the barrier material and a compatibilizer are blended such that the barrier marerial
20 consists of discrete particles that are flattened into platelets during the compression molding

operation.
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single site catal yst technol ogy known in the art as netall ocene

pol ypropyl enes; syndi otactic pol ypropyl enes as marketed by Fina G| and
Chem cal ; et hyl ene/ propyl ene copol ynmers and styrene-ethyl ene interpolyners
as marketed by Dow Chem cal ; and iononmers such as DuPont's SURLYN product
line. The matrix polyner is typically conpounded wi th anti-oxidants,

| ubricants and other stabilizing materials, as known in the art. A
"conpatibilizer" is a thernoplastic that ties two other thernoplastics

t oget her by a reactive covalent or dipol e-di pole) bond or a non-reactive
(chain eB Desqri s ABgH| es i ncl ude mal ei ¢ anhydride grafted

pol yners or et hyI ene | nyI et e grafted
The invention, together with additional objects, features and advantages of
thereof, will be best understood from the following description, the appended ¢laims and the
accompanying drawings in which:

5 FIG. 1 is a schematic diagram that illustrates compression molding of barrier
liners in a plastic closure in accordance with a presently preferred implementation of the
invention:

FIG. 2 is a diametrically sectioned elevational view of a plastic closure with _

integral barrier liner manufactured in accordance with the process schematically illustrated in

10 FIG. 1;
FIGS. 3A and 3B are photomicrographs at 50X of portions of the liner within
the circles.3A and 3B in FIG. 2;

FIG. 3Cis a photomicrograph at 100X of the portion of the liner illustrated in
FIG. 3B;

15 FIG. 4 is a photomicrograph at 100X of a charge pellet;

FIG. 5A is a photomicrograph at 50X-of the edge portion of another

embodiment of the invention;

FIG. 5B is a photomicrograph ar 100X of the center portion of the liner

illustrated in FIG. 5A: and

20 FIGS. 6 and 7 are views similar to that of FIG. 2 but showing modified liner

geometries.
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pol ymers such as Quantum Chem cal's PLEXAR (trademark), M tsui

Petrochem cal 's ADVMVER (trademark) and DuPont's BYNEL (trademark) product
i nes, ethylene nmethyl acrylate, and iononers. -5- A "barrier material”
is a thernoplastic material that has a | ow gas and/ or water vapor
transm ssion rate, and presents a high barrier to odorants and essenti al
oils. The

Detailed Description of Preferred Embodiments

FIG. 1 is a schematic diagram of a process 10 for manufacture of plastic
closures in accordance with the present invention. An extruder 12 has a hopper 14 for
receiving starting materials. The output of extruder 12 is fed to a pellet slicer 16 from which

5 individual charge pellets 20 are provided. Charge pellet 20 is placed within a prefabricared
plastic closure cap 22 in the female die 24 of a compression mold 26. A male die section 28
is tlosed 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. 2,
the charge pellet is compression molded in situ against the base 30 of cap 22 so as to form a

10 liner 20a. This may be accomplished by hand, or more prefefably with the machine disclosed
In the above-noted U.S. Patent No. 5,451,360. Cap 22 also includes a skirt 32 that axially
extends from the periphery of base 30, having internal threads 34 for securing cap 22 10 a
container. Alwematively, 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
15 requires additional steps and expense, and is therefore not preferred. As a second 'altfemative.
the liners may be formed in the closures as disclosed in U.S. Patent No. 4,518,336. See also
U.S. Patent Nos. 3,674,393, 3,702,148, 3,877,497 and 4,518,336: FIG. 6 illustrates an
alternarive 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 a thickened mid

20 section for holding additional barrier material.
For manufacture of plastic closure barrier liners in accordance with the presently

preferred implementation of the invention, the input to extruder 12 ar hopper 14 preferably
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following materials have gas transm ssion rates | ower than EVA, which is an
~industry standard liner material: EVOH (ethylene vinyl alcohol) such as
Ni ppon Goshei's SOARNCL product line and Eval ca's EVAL (trademark) product
i ne, nylons such as Dupont's SELAR (trademark) PA, EMS's (21 and
M tsubi shi Gas' MXD6 product lines, British Petrol eum s BAREX (trademark)
acrylonitrile product line, blends of EVOH and anorphous nyl on, bl ends of
EVOH and an iononmer such as SURLYN (DuPont), and cyclic olefin copolyners
such as marketed by Ticona. Qther suitable barrier materials and bl ends are
di scl oseodnsists dsseBtialFaofame oNowre Bargarpotyimeranenexroaare M@ rix phbymérs tareferabls  of
whi ch are incorporated herein by reference. It is currently preferred that
the |ingtebibfdedi with Udbricunc agldi dnyv desired Jobatums))dackdhene or more compatibilizer
materials. The input materials are mixed and blended in hopper 14. The barrier polymer
inpur preferably is selected from the group conmsisting of EVOH, nylon, acrylonitrile
5 copolymers such as styrene acrylonitrile and acrylonitrile methylacrylate, blends of EVOH and
amorphous nylon, blends of EVOH and an ionomer, acrylonitrile, cyclic olefin copolymers,
and blends thereof. The matrix polymer input to hopper 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
10 copolymers, styrene/ethylene/butadiene/styrene compounds, styrene/butadiene/styrene block
copolymers, EPDM, metallocene linear low polyethylene, metallocene syndiotatic
polypropylene, rubbers such as butyl rubber, styrene copolymers such as styrene/ethylene and
terpolymers such as styrene/ethylene/butylene, polypropylene/buty] rubber, and blends thereof. .
The compatibilizer input to hopper 14 preferably is selected from the group consisting of
15 maleic anhydride gratted polymers, ethylene vinyl acetare grafted polymers, EVA, ethylene
methyl acrylate, ionomers and blends thereof. As noted above, a lubricant selected from the
group consisting of primary amides, secondary amides, secondary bis-amides and blends
thereof, preferably is preblended with the matrix polymer.
In the current invention, the liner material consists of a heterogeneous blend of
20 a matrix polymer (TPE or soft olefin) and a condensation polymer or barrier polymer, a

compatibilizer and appropriate lubricant. In the disclosed examples of the invention, the

matrix polymer is ethylene vinyl acetate (EVA) marketed under the trademark ELVAC 650
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coefficient of friction between the liner and the sealing surface of the

.contain
additiv

er. Inthe art these additives are called "lubricants. " Typical
e lubricants include fatty acid am des, and fatty acid esters,

m crocrystal | i ne waxes and pol yet hyl ene gl ycols. A preferred | ubricant

| ow nol

seal i ng
structu
gener al

is a

ecul ar weight fatty acid am de material that bloons to the exposed
surface of the polynmer material upon cooling fromthe nelt state, thereby
reducing the coefficient of friction between the liner and the contai ner

o Siesethate Cather Boinee iRy ngh ol GO ekt e U Pk e

chem cal structure RCONHR; where RR R are al kyl groups;

secondardgsignatienriEl88Bwby HEvaird) gandrthe wompatibidizers is gcmalels Rulndrider grafed CO R,
where R, R are al kyl groups and

10

polypropylene (ADMER QF551) with 0.5% by weight erucamide +0.5% ethylene bis-
oleamide as the lubricant. Although it is not required, it is preferred that all the components
of the liner be used in particulate form and the components mixed as particulates prior to
extrusion. The particles should as a general rule, be of a size such that the molten blend of
incomparible polymers exhibit the heterogeneity necessary to achieve the barrier properties that
characterize the invention. When the particles are of too small a size or the blend is 100 well
mixed, ﬁc compound will function as a homogenous composiﬁon with little oxygen barrier
properties, ‘

[t is preferable that the input to extruder 12 be substantially uniformly blended,

and that the outpur of extruder 12 be of substantially uniform composition. Substantial

~ uniformity of composition is important in achieving a uniformiry of properties. The barrier

20

particles should be uniformly distributed - i.e., staristically homogeneously distributed - to .

achieve desired barrier properties. Extruder 12 should be 2 low-shear low-mixing extruder to
avoid homogenization of the mixture in which the particles or domains of the discontinuous
phase are too small.

It has been found to be desirable that the barrier material not be too well
blended into the matrix polymer. The barrier material should be m the form of discrete
particles, essentially spheroidal, in the charge pellet, as illustrated in FIG. 4. If the barrier
material is too well blended into the ¢lastomer, there are no discrete particles in the elastomer

matrix to form platelets during comparison molding. FIGS. 3A, 3B and 3C are
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A is an Y al kyl ene group; and bl ends of the above materials such as in U S.
Patent No. 5, 306,542. The l'ubricant preferably conprises about 0.5%to 2. 0%
of the total Iliner -6 - conposition by weight, nost preferably about 1%
by weight. The lubricant is preferably conpounded into thernoplastic

el astomer material (along with any desired colorants) by the materi al

manuf acturer. The amount of |ubricant and/or colorant is not included in

t he

photomicrographs of the center (FIGS. 3B and 3C) and edge (FIG. 3A) portions of liner 20a
(F1G. 2) formed of a blend of 65% EVA. 34% EVOH and 1% comparibilizer (a maleic
anhydride grafted polymer). The barrier material is essentially in the form of thin flat
overlapping substantially two-dimensional plarelets (dark in the micrographs) parallel to the
5 plane of the liner. It is believed that the force of compression molding, coupled. with the radial
material flow during compression molding, forms and aligns these platelets parallel to the
plane of the liner disk. FIG. 5A and 5B are similar photomicrographs of another liner
compression molded from the same material blend.

Several sets of test samples were fabricated in the form of liners compression
10 molded into closures. The test marerials were extruded through the system of FIG. 1 at a melt
temperature of 430 to 450°F in proportions to yield the desired weight ratios. Pellets 20 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.
1, and the compression tool was activated to compress the pellet. The liner compression
1s molding machine was that disclosed in above-noted Patent No. 5, 451,360. The'liners were
molded to the configuration of FIG. 2, with a thickness at position 3A of 0.025 w 0.028
inches, and a thickness at position 3B of 0.015 10 0.018 inches. Ali closures were 43 mm
closures, and all liners had a diameter of 1,539 inches. The closures were conditioned for

about two weeks at 100% relative humidity prior to further testing.
20 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 meral plate surrounding a hole coupled to 4
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cal cul ations of conpositions in this application. In the currently
preferred blends of matrix polyner, barrier material and conpatibilizer,
the barrier material is in the range of about 20%to 60% by wei ght, the
conpatibilizer in the range of about 1 %to 10% by wei ght, and the bal ance
consists essentially of the matrix polymer (wth lubricant). The relative
conponent percentages wll vary with applications, and will depend upon
har dness and therefore sealability, the ability of the barrier material to

har cnes uTEE s 5L PFGR A RO Wi B ladie B arVigher rhEHRAR, aves o
95 Shore (A) is too hard for proper sealing with the container. \Wen
enpl oyi neerewpabilizi sestene Oxygen oytside of thejvjesure Was eaingaigd at 1 arm, 23°C and 100%
relative humidity, and nitrogen gas was used to purge the volume within the closure to measure
oxygen concentration, and therefore oxygen permeation through the closure. When oxygen
5 permeability reach steady state, the figure was multiplied by 0.21 to correct for the quantity
of oxygen in the atnosphere, and recorded.
When employing EVOH in polymer blends, it has generally been found in the
. past that the percentage reduction of gas transmission roughly corresponds to the percentage
of EVOH in the blend. For example, a blend having 20% EVOH would typically be expected
10 to exhibit a 20% reduction in. oxygen transmission as compared with the same liner
composition without EVOH. However, it was surprisingly discovered when implementing the
present invention that the reduction in oxygen transmission rate far exceeds the percentage of
~ EVOH in the test blends. For example, a polypropylene cap having an in-situ compression- -
molded barrier liner, iﬁ-which the liner consists of a blend of 65% EVA, 34% EVOH and 1%
15 adhesive/comparibilizer by weight, had an oxygen transmission rate of 0.006 t 00.007cc/43mm
clos_ure/day, as compared with a rare of 0.013cc/43mm closure/day for an identical closure
having a compression molded EVA liner of the same thickness and.‘ rested under identical
conditions. Another test was performed on closures with compression molded liners consisting
of 79% EVA, 20% EVOH and 1% compatibilizer. These samples exhibited an oxygen
20 transmission rate of 0.010 cc/43ram closure/day, again as compared with a rate of 0.013

cc/43mm closure/day for comparable EVA liners.
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as EVA, the upper limt of the barrier material may be relatively | ow, such
.as 35 % EVOH. However, when enploying a matrix polyner of relatively | ow
har dness, such as thernoplastic el astoner, the upper limt of the barrier
mat erial may be much higher, such as 50%to 60% EVOH. It has al so been
found that the anmount of barrier material that can be included in the blend
al so depends in part upon polarity of the matrix polynmer. Mscibility of
the barrier material in the matrix material decreases with decreasing
polarity of the matrix material, which neans that hi (]gher, per cent ages of
barrier material dthemestywersderfomned-onliners sompsrsine moldsd inte ademagndiamerey
while still maintaining a discontinuous barrier platelet phase. The
polypropylene closures having a liner diameter of 1.539 inches. These tests were performed

at 100% relative humidity. All liners were 0.015 inches thick:

Table 1
5
Test Sample Oxygen Transmissivity
(cc/43mm closure/day)
(1) 100% EVA 0.013
10 (2) 719% EVA, 20% EVOH, 0.010
1% comp.
(3)65% EVA, 34% EVOH, 0.007
1% comp.
(4) 65% EVA, 34% EVOH, 0.010
15 1% comp.
The compatibilizer in samples (2) to (4) was the maleic anhydride grafted polymer previously
noted. Test sample (4) was too well mixed, and thus did not exhibit the good results of sample
~ (3). Sample hardnesses are illustrated by the following table:
20
Table 2
Material 'Hardness (Shore A)
25 100% EVA 91
75% EVA/25% EVOH 92-94
50% EVA/50% EVOH 94-96
25% EVA/75% EVOH 97
100% EVOH 100+
30

As noted above, the amount of barrier material that can be employed in the
blend depends in part on the hardness of the matrix polymer. For example, the following table

compares the hardnesses and ability to seal against a container mouth for various mixtures of

-14-
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anbunt of conpatibilizer also affects the ability of the barrier material
to formplatel ets. -7- Above about 10% conpatibilizer, the barrier

mat eri al becones too well mxed with the matrix polynmer to formthe

pl atel ets that characterize the invention. Below about 1 % the liner does
not exhi bit good mechani cal properties and does not bond properly with the

closure shell. In accordance with another aspect of the present invention,
there is therefore

EVOH with EVA (hardness equals 91 Shore A) and polypropylen_e/hutyl rubber (TREFSIN,
hardness equals 65 Shore A). The maleated polypropylene compatibilizer and lubricant were

employed in the same amounts in all samples.

Table 3
5
Material Hardness Funcrional Sealing
(Shore A)
EVA +20% EVOH 92 Yes
10 EVA +34% EVOH 92 Yes
EVA +50% EVOH 94 No
Polypropylene/buryl
rubber +20% EVOH 67 Yes
Polypropylene/buryl
15 rubber +34% EVOH 75 Yes
Polypropylene/butyl
rubber +50% EVOH 81 Yes

The polypropylene/buryl rubber employed is marketed by Advanced Elastomer Systems under
20 the trademark TREFSIN. Thus, a greater quantity of barrier material can be incorporated into
~ a softer marrix material while maintaining the ability to function as a seal.

There have thus been disclosed as barrier liner, a closure with barrier liner, and

a method of manufacruring the same, that fully satisfy the abjectives and aims previausly set

forth. The liner is readily manufactured from otherwise conventional materials, and

25 employing otherwise conventional techniques and equipment. The liner provides improved
efficiency, in terms of the quamjty 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 barrier material combinations have been disclosed. Other
combinations are envisioned for different applicarions, and will suggest themselves to persons

30 of ordinary skill in the art based upon the principles and parameters herein discussed.
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provided a method for making a liner for a plastic closure that conprises
the steps of formng a pellet that consists essentially of a blend of a
t hernopl astic el astonmer, a polynmer having high barrier properties and a
conpati bilizer to pronote adhesi on between the el astonmer and the barrier

pol ymer and between the liner and the closure shell. The pellet is then
conpression nol ded, preferably within a closure shell, to forma |iner disk
bonded to the cl osure shell, and within which the heat and pressure from

conpressi on nol ding forns the barri er pol ynmer into Iat%%% .%Eﬁ
oriented essenti aj g\g@‘ﬁg and/exd publicatibes giled A VGfanWS‘“H b t| ng l'i ner
exhibits greatly |l owered gas transm ssion rate as conpared with a |iner
formed of a simlar blend in other than a conpressi on nol di ng operation.

“his Sheet Has Been Reilaced
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In accordance with a third aspect of the invention, there is provided a
.sealing liner for a plastic closure that conprises a disk that consists
essentially of a matrix polymer within which a dispersion of platelets of a
barrier material to gas transm ssion are disposed essentially in planes
parallel to the disk. The sealing liner preferably._i. s_-cewpr-essi""'ﬁ'ﬁ“’rml ded I n

situ lalms a plastic closure froma conpression nold ¢ ! I n
which the matri x polymer, the barrier materi al and\i‘ gﬁ‘m ﬁ are
bl ended such that the barrier material consists of partictes that
are flattened into platelets during the conpression nol di ng operation.
1. '
A sealing liner for a plastic closure that comprises a disk (20a, 20b or 20c) that
consists essentially of a dispersion of discrete overlapping platelets dispersed throughout a matrix

polymer, said platelets consisting of a barrier polymer and being oriented essentially parallel to the

disk.

2.
The liner of claim 1 wherein said liner includes 2 compatibilizer to promote adhesion

between the matrix polymer and the barrier plarelets.

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 said skirt for securing the closure to a container, and

a liner (202, 20b or 20c) as set forth in claim 1 or 2 secured to the interior of said base, |

said platelets being oriented essentially parallel to said base.

4.

The closure of claim 3 wherein said liner is compression molded in situ onto said base.

17
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-8- Brief Description of the Drawi ngs The invention, together with
.addi tional objects, features and advantages of thereof,; wWlT e best:
understood fromthe followi ng description, the app the
acconpanying drawings in which: FIG 1 is a scherraﬂmm"ﬂ mlﬂmﬁg I,

Il lustrates conpression nolding of barrier liners im acpla

accordance with a presently preferredSsinpl enentation of the

esure i

The invention set forth in any preceding claim wherein said matrix polymer is selected -

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

6.
The closure set forth in claim S 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.

7.
The closure set forth in claim 5 wherein said matrix polymer is a thermoplastic

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

8.
The closure set forth in claim 5 wherein said matrix polymer is an olefin polymer

having a Shore A hardness less than 100.

9.
The closure set forth in claim 8 wherein said olefin polymer is selected from the group

consisting of metellocene polyethylene, ethylene-propylene rubbers, ethylene copolymers, and

mixtures thereof.

18

This Sheet Has Been Replac

[T




invention; FIG 2 is a dianetrically sectioned el evati.onal--view of a
.plastic closure with integral barrier |iner manuf act ured in dance with
the process schematically illustrated in FIG 1; n“\‘ﬂ“l\ Eg\are
phot om crographs at 50X of portions of the liner es 3A and
3BBin FIG 2; FIG 3Cis a photonicrograph at | QOX of t'he portion of the
liner illustrated in FIG 3B; FIG 4 16 a photom crograph at | GOX of a
charge pellet;
The closure of any preceding claim wherein said barrier material is selected tfrom the
group consisting of EVOH, nylon, acrylonitrile copolymers, blends of EVOH and amorphous nylon,

blends of EVOH and an ionomer, acrylonitrile, cyclic olefin copolymers, and blends thereof.

11.
The closure of any preceding claim wherein said compatibilizer is selected from the
group consisting of maleic anhydride grafted polymers, ethylene vinyl acetate grafted polymers,

ethylene methy! acrylate, ionomers and blends thereof.

12,
The closure set forth in any preceding claim wherein said barrier material comprises

EVOH and said matrix polymer comprises EVAor polypropylene/butyl rubber.

13,
The closure set forth in claim 12 wherein said barrier material is in the range of about -
20% to 60% by weight, said compatibilizer is in the range of about 1% to 10% by weight, with the

balance consisting of said matrix polymer.

-
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FIG 5Ais a phot omi crogr aph at 50X of the edge portion of another
enbodi ment of the invention; FIG 5B is a photom crograph at T00X of ‘the

center portion of the liner illustrated in FIG 5A and “Jmmm |
views simlar to that of FIG 2 but show ng nodified |i ng‘!mmﬁizmn il 1R
14,
The closure set forth in any preceding claim wherein said barrier material is in the
range of about 20% to 60% by weight, said compatibilizer is in the range of about 1% to 10% by

weight, with the balance consisting of said matrix polymer.

15.
The closure set forth in any preceding claim wherein said liner has a Shore A hardness

of less than 94.

16.

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

the amount of about 0.5% to 2.0% by weight.

17.
The closure set forth in claim 16 wherein said lubricant is in the amount of about 1%

by weight.

18.
The closure set forth in claim 17 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.
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-9 - Detailed Description of Preferred Enbodi ment s-F-G—1-is—a schematic
di agram of a process 10 for manufacture of plastic closures in accord

with the present invention. An extruder 12 has a hoEI“i“lm'l MH |!lIV| ng
starting materials. The output of extruder 12 is fe cer
from whi ch individual charge pellets 20 are provided. Charge pel let 20 i s

pl aced within a prefabricated plastic & osure cap 22 in the fenale die 24
of a conpression nold 26. A male die section 28 is closed against pellet

20, cap 22 and disemetfiod of makirigh knenfor @ pRstRItIdiieds B2 fdrifin 26 pridefing claim @far t hat
I's wel ded or bonded to the interior surface of the cap base. That is,

ref errichgphifs fld3teps of

(a) forming a pellet (20) that consists essentially of a blend of a matrix polymer, a
barrier polymer and a compatibilizer to promote adhesion between the matrix polymer and the barrier
polymer, and

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

which heat and pressure from compression molding forms said polymer into discrete platelets that are

oriented essentially parallel to the disk.

20.
The method of claim 19 comprises the additional steps of:
(c) providing a closure éap (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 cap.

21.
The method set forth in claim 20 wherein said step (d) is carried out by compression

molding said liner in situ on said base.
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the charge pellet is conpression nolded in situ against_the base 30 of cap
22 so as to forma liner 20a. This may be acconplished by hand, or nore
preferably with the nmachi ne disclosed in the above- Hmmlmmnnm

5,451, 360. Cap 22 also includes a skirt 32 that axi ’ﬁlﬂwthe
periphery of base 30, having internal threads 34 for *seturi nd cap 22 to a
container. Alternatively, pellet 20 n®2.be separately conpression nolded to
formliner 20a, which may then be adhesively secured within cap 22 agai nst

base 30. Such anTRpgietHol 98 o clafin 28 WheldiP5iad step B ToMPHse IR of fBffink S
therefore not preferred. As a second alternative, the liners may be tofned

BRI RO R SN T W

illustrates a
?di%crete particles within said matrix polymer.

22
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alternative |iner 20b having a flat geonetry, as opposed to the liner 20a
of FIG 3 having a thickened periphery. FIG 7 illustrates a liner 20c
having a flat periphery and a thickened md section for hol ding additional
barrier material. For manufacture of plastic closure barrier liners in
accordance wth the presently preferred inplenentation of the invention,
the input to extruder 12 at hahseiactldf the Piglostitey REPLACEMENT SHEET

A plastic closure that includes a cap (22) having a base (30) with a peripheral skirt

(32) defining 2 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 compression molding in situ.
The liner consists essentially of a blend of a matrix polymer, a particulate barrier polymer and a .
‘compatibilizer. The hear and pressure of compression forms the particles of barrier polymer into -

platelets that are oriented essentially parallel to the plane of the disk.

23
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- 10 - consists essentially of one or nore barrier polymers, one or nore
.mtrix polynmers (preferably preblended with |lubricant and any desired
colorants), and one or nore conpatibilizer materials. The input materials
are m xed and bl ended in hopper 14. The barrier polynmer input preferably is
selected fromthe group consisting of EVOH, nylon, acrylonitrile copol yners
such as styrene acrylonitrile and acrylonitrile nethylacrylate, blends of
EVOH and anor phous nonn bl ends of EVOH and an ionomer, acrylonitrile,
cyclic olefin copolym Ad bl ends t 7\ eof . The matrix polyner input to
hopper 14 prefer ted fr t he group consisting of EVA

ethylene/prggylerﬁziﬁﬂﬂb%ﬁﬁﬁs, styrene bl ock copol yners,

! — jé
PELLET 2E~L ] '
/6 | 'sSLICER J '

i A 2261

20 4

FiG2
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terpol ynmers, iononers, thernoplastic rubbers,

styrene/ et hyl ene/ but adi ene/ styrene bl ock copol yners,

st yrene/ et hyl ene/ but adi ene/ st yrene conpounds, styrene/butadi ene/ styrene

bl ock copolynmers, EPDM netall ocene |inear |ow polyethylene, netall ocene
syndi otati c pol ypropyl ene, rubbers such as butyl rubber, styrene copol yners
such as styrenel et hyl ene and terpolyners such as styrene/ethyl ene/ butyl ene,
pol ypr opyl ene/ butyl rubber, and bl ends thereof. The conpatibilizer input to
hopper 14 preferably is selected fromthe group consisting of maleic
anhydride grafted polyners yl ene vinyl acetate grafted polyners, EVA,

et hyl ene net hyl Rr's and bl ends thereof. As noted above, a

| ubri cant sel ect { consi sting of primary am des, secondary
am des, secondar ends

FIG. 3B
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thereof, preferably is preblended with the matrix polynmer. In the current

I nvention, the liner material consists of a heterogeneous blend of a matrix
pol ymer (TPE or soft olefin) and a condensation polymer or barrier polyner,
a conpatibilizer and appropriate lubricant. In the disclosed exanpl es of
the invention, the matrix polyner is ethylene vinyl acetate (EVA) narketed
under the trademark ELVAC 650 REPLACEMENT SHEET
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by Dupont), the barrier polymer is ethylene vinyl alcohol (EVOH narketed
under the trade designation E105B by Evalca), and the conpatibilizer is a
mal ei ¢ anhydride grafted pol ypropyl ene (ADVER QF551) with 0.5% by wei ght
erucam de +0.5% et hyl ene bis- oleam de as the lubricant. Although it is not
required, it is preferred that all the conponents of the liner be used in
particul ate formand the conponents m xed as particulates prior to
extrusion. The particles should as a general rule, be of a size such that
the nolten blend of inconpatible polyners exhibit the heterogeneity
necessary to achieve the barrier properties that characterize the

I nvention. When the particles are of too snall a size or the blend is too
wel | m xed, the conpound will function as a honog osition with
littl e oxygen barrier

FIG. 5A

FIG. 5B
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properties. It is preferable that the input to extruder 12 be substantially
.uniformy bl ended, and that the output of extruder 12 be of substantially
uni form conposition. Substantial uniformty of conposition is inportant in
achieving a uniformty of properties. The barrier particles should be
uniformy distributed - i.e., statistically honogeneously distributed - to
achi eve desired barrier properties. Extruder 12 should be a | ow shear

| ow- m xi ng extruder to avoi d honobgeni zation of the m xture in which the
particles or domains of the discontinuous phase are too snmall. It has been

found to be d?ﬁ'“??-"' nat- the barrier material not T 50— er 22
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bl ended into the matrix polymer. The barrier material should be in the form
.of discrete particles, essentially spheroidal, in the charge pellet, as
illustrated in FIG 4. If the barrier material is too well blended into the
el astonmer, there are no discrete particles in the elastoner matrix to form
platel ets during conparison nolding. _RIGS. 3A 3B and 3C are - 12 -

phot om crographs of the center (FIGS. 3B and 3C) and edge (FI G 3A

portions of l|iner 20a :

between the EVOH particles and the EVA carrier material. In general, particles of the EVOH
barrier material force gases that permeate the EVA carrier either to follow a tortuous path
around the EVOH particles or permeate through the EVOH polymer, thus slowing the rate of
gas transmission. The EVOH particles are generally spheroidally dispersed in the EVA carrier
since these materials are not miscible. As a general proposition, the percentage reduction in
gas transmission corresponds to the percentage content of EVOH in the blend. The results of
this technology to date have not provided high barrier properties at acceptable cost and sealing
performance.

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 anothér 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 present invention is to provide a
method of fabricating such a liner, and a plastic closure embodying such a liner.

Summary of the Invention

In accordance with one aspect of the present invention, there is provided a
plastic closure that comprises a cap having a base with a peripheral skirt defining a cap interior
and means on the skirt for securing the closure to a container. A liner is secured to the interior

of the cap, preferably by compression molding in situ. The liner consists essentially of a blend
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(FIG 2) forned of a blend of 65% EVA, 34% EVOH and 1% conpatibilizer (a
.mal ei ¢ anhydride grafted polyner). The barrier material is essentially in
the formof thin flat overlapping substantially two-dinensional platelets
(dark in the mcrographs) parallel to the plane of the liner. It is
believed that the force of conpressionsmwlding, coupled with the radial
material flow during conpression noldimg, forns and aligns these platelets
parallel to the plane of the liner disk. FIG 5A and 5B are simlar
phot om crographs of another |iner conpression nolded fromthe sanme nateri al
bl end. Sesfes alatrdepslynfer,t £barrienmatesial wat & combatibibizerd The bahserf materialf islin ther s
conpression nolded into closures. The test materials were extruded through
the syst egg@fof &ldfzconkinfbusiisiBinited phase of particles in a continuous matrix phase. It has been
found that the heat and pressure of compression molding forms the barrier polymer particles
into thin overlapping substantially two-dimensional platelets that are oriented within the matrix
polymer essentially parallel to the plane of the liner. Thus, gas that permeates the liner must
follow a more tortuous path around the platelets, which greatly increases barrier efficiency.
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 theremoset 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. Examples 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-
butadiene-styrene, styrene-isoprene-styrene, and styrene-ethylene/butylene-styrene-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
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tenperature of 430 to 450[err]F in proportions to yield the desired wei ght
.ratios. Pellets 20 were manually cut fromthe extrudate and placed in
closure shells 22. Wth the-pellets 20 still at or near nelt tenperature,
the closure and pellet were placed in a conpression nold as in FIG 1, and
the conpression tool was activated to _gonpress the pellet. The liner
conpressi on nol di ng machi ne was that disclosed in above-noted Patent No. 5,
451, 360. The 'liners were nolded to the configuration of FIG 2, with a

t hi ckness at position 3A of 0.025 to 0.028 inches, and a thickness at

posi ti on dBstoier3. 04 Sharacterifktichyi aShere. A Alardresoeli4® o0 @6 rapd 43flemurall medulessof and
all liners had a diameter of 1,539 inches. The closures were conditioned
for about 3¢ noo Weeds06 pst00% rel ative hunidity prior to further testing.

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
polymers are: metallocene polyethylene, ethylene-propylene rubbers, ethylene copolymers and
blends thereof, ethylene copolymers such as ethylene vinyl acetate, ethylene methy! 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 metallocene 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 metallocene polypropylenes; syndiotactic
polypropylenes as marketed by Fina Oil and Chemical; ethylene/propylene copolymers and
styrene-ethylene ihterpolymers as marketed by Dow Chemical; and ionomers such as DuPont’s
SURLYN product lfne.

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 such as Quantum Chemical’s PLEXAR (trademark), Mitsui Petrochemical’s
ADMER (trademark) and DuPont’s BYNEL (trademark) product lines, ethylene methyl

acrylate, and ionomers.

J e et
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Each test closure with liner was then threaded onto a PET bottle finish at
. ndustry standard application torque (25 to 30 inch-pounds for a 43 mm
closure). The finish was then cut fromthe bottle and epoxied onto a netal
pl ate surrounding a hole coupled to a - 13 - purge tube. The plate with
closure was then placed in a Mocon OXYERAN oxygen perneability tester.
Oxygen outside of the closure was maintained at 1 atm 23[err]C and 100%

A “barrier material” is a thermoplastic material that has a low gas and/or water
vapor transmission rate,. and presents a high barrier to odorants and essential oils. The
following materials have gas transmission rates lower than EVA, which is an industry standard
liner material: EVOH (ethylene vinyl alcohoi) such as Nippon Goshei’s SOARNOL 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 and blends are disclosed in U.S. Patent
Nos. 4,977,004 and 5,064,716, 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. In the art
these additives are called “lubricants.” Typical additive Iﬁbricants include fatty acid amides,
and fatty acid esters, microcrystalline waxes and polyethylene glycols. A preferred lubricant
is a low molecular weight fatty acid amide materiﬂ 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-NfI2, 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 Y 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 2.0% of the total liner
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relative humdity, and nitrogen gas was used to purge the volune wthin the
.cl osure to neasure oxygen concentration, and therefore oxygen perneation

t hrough the cl osure. When oxygen perneability reach steady state, the
figure was nmultiplied by 0.21 to correct for the quantity of oxygen in the
at nosphere, and recorded. Wen enployi_g EVOH in polymer blends, it has
generally been found in the past that the percentage reduction of gas
transm ssion roughly corresponds to the percentage of EVOH in the bl end. :
For exanple, a blend having 20% EVOH woul d typically be expected to exhibit

compOs £ 1 B Tonever 1 s Surmr omal Yl Scaver e when”

| mpl ement éd?lgpotuﬁﬁed into thermoplastic elastomer material (along with any desired colorants) by the
material manufacturer. The amount of lubricant and/or colorant is not included in the
calculations of compositions in this application.

In the currently preferred blends of matrix polymer, barrier material and
compatibilizer, the barrier material is in the range of about 20% to 60% by weight, the
compatibilizer in the range of about 1% to 10% by weight, and the balance consists essentially

~ of the matrix polymer (with lubricant). The relative component percentages will vary with
applications, and will depend upon hardness and therefore sealability, the ability of the barrier
material to form platelets in the matrix polymer, and desired removal torque. As to hardness,
it has been found that a liner hardness higher than about 94 to 95 Shore (A) is too hard for
proper sealing with the container. When employing an elastomer that is relatively hard, such
as EVA, the upper limit of the barrier material may be relatively low, such as 35% EVOH.
However, when employing a matrix polymer of relatively low hardness, such as thermoplastic
elastomer, the upper limit of the barrier material may be much higher, such as 50% to 60%
EVOH.

It has also been found that the amount of barrier material that can be included
in the blend also depends in part upon polarity of the matrix polymer. Miscibility of the
barrier material in the matrix material decreases with decreasing polarity of the matrix
material, which means that higher percentages of barrier material can be blended with matrix
polyrﬁers of lower polarity while still maintaining a discontinuous barrier platelet phase. The

amount of compatibilizer also affects the ability of the barrier material to form platelets.
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present invention that the reduction in oxygen transm ssion rate far
.exceeds the percentage of EVOH in the test blends. For exanple, a

pol ypropyl ene cap having an in-situ conpression- nolded barrier liner, in
which the liner consists of a blend of 65% EVA, 34% EVOH and 1%

adhesi ve/ conpati bilizer by weight, hadsan oxygen transm ssion rate of 0.006
to 0.007cc/43mm cl osure/day, as conpared with a rate of 0.013cc/43mm

cl osure/day for an identical closure having a conpression nolded EVA |iner
of the sanme thickness and tested under identical -conditions. Another test
was per f gthoeelatsut ¢0 % compatibilizeh, the byriesmatenalrbetataes fob rweallsmoed svigt thegnafix 79%
EVA, 20% EVOH and 1% conpati bilizer. These sanpl es exhi bited an oxygen

§ ;ggsgl S 3’5@?‘5‘ # RrilthdplbRisahdt LRI EHES the@hkAYion 2MRIdW 8oyt 1 Ahe Un¥f ddesa
not exhibit good mechanical properties and does not bond properly with the closure shell.

In accordance with another #spect of the present invention, there is therefore
provided a method for making a liner for a plastic closure that comprises the steps of forming
a pellet that consists essentially of a blend of a thermoplastic elastomer, a polymer having high
barrier properties and a compatibilizer to promote adhesion between the elastomer and the
barrier polymer and between the liner and the closure shell. The pellet is then compression
molded, preferably within a closure shell, to form a liner disk bonded to the closure shell, and
within which the heat and pressure from compression molding forms the barrier polymer into
platelets that are oriented essentially parallel to the plane of the disk. The resulting liner
exhibits greatly lowered gas transmission rate as compared with a liner formed of a similar
bleﬁd in other than a compression molding operation.

In accordance with a third aspect of the invention, there is provided a sealing
liner for a plastic closure that comprises a disk that consists essentially of a matrix polymer
within which a dispersion of platelets of a barrier mate;ial to gas transmission are disposed
essentially in planes parallel to the disk. The sealing liner preferably is compression molded
in situ within a plastic closure from a compression mold charge or pellet in which the matrix
polymer, the barrier material and a compatibilizer are blended such that the barrier material
consists of discrete particles that are flattened into platelets during the compression molding

operation.




cc/ 43mm cl osure/ day for conparable EVA |iners. REPLACEMENT SHEET -14-

. her tests were performed on liners conpression nolded into a 43mm

di anet er pol ypropyl ene cl osures having a liner dianmeter of 1.539 inches.
These tests were performed at 100%relative humdity. Al liners were 0.015
I nches t hi ck: : -8-

Brief Description of the Drawings

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

FIG. 1 is a schematic diagram that illustrates compression molding of barrier
liners in a plastic closure in accordance with a presently preferred implementation of the
invention,;

FIG. 2 is a diametrically sectioned elevational view of a plastic closure with
integral barrier liner manufactured in accordance with the process schematically illustrated in
FIG. |;

FIGS. 3A and 3B are photomicrographs at 50X of portions of the liner within
the circles 3A and 3B in FIG. 2; _‘

FIG. 3C is a photomicrograph at 100X of the portion of the liner illustrated in
FIG. 3B; |

FIG. 4 is a photomicrograph at 100X of a charge pellet;

FIG. 5A is a photomicrograph at 50X of the edge portion of another
embodiment of the invention;

FIG. 5B is a photomicrograph at 100X of the center portion of the liner
illustrated in FIG. 5A; and

FIGS. 6 and 7 are views similar to that of FIG. 2 but showing modified liner

geometries.
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Table 1 Test Sanple
.(cc/43mm cl osure/ day) (1) 100% EVA

CXygen Transm ssivity

0.013 (2) 79% EVA, 20% EVOH, - 0.010 1 % conp. (3)
65% EVA, 34% EVOH, 0.007 1% conp. (4) 65 % EVA,
34% EVOH, 0.QL0

Detailed Description of Preferred Embodiments

FIG. 1 is a schematic diagram of a process 10 for manufacture of plastic
closures in accordance with the present invention. An extruder 12 has a hopper 14 for
receiving starting materials. The output of extruder 12 is fed to a pellet slicer 16 from which
individual charge pellets 20 are provided. Charge pellet 20 is placed within a prefabricated
plastic closure 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 liher
that is welded or bonded to the interior surface of the cap base. That is, referring to FIG. 2,
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 axially
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 liners may be formed in the closures as disclosed in U.S. Patent No. 4,518,336. See also
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 a thickened mid
section for holding additional barrier material.

For manufacture of plastic closure barrier liners in accordance with the presently

preferred implementation of the invention, the input to extruder 12 at hopper 14 preferably
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1 %conp. The conpatibilizer in sanples (2) to (4) was the mal ei c anhydri de
.grafted polynmer previously noted. Test sanple (4) was too well m xed, and
thus did not exhibit the good results of sanple (3). Sanple hardnesses are
illustrated by the following table: Table 2 Materi al

Har dness (Shore A) 100% EVA -10 - 91 75%

EVA/ 25% EVOH —92-94 50% EVA/ 50% EVOH
94- 96

consists essentially of one or more barrier polymers, one or more matrix polymers (preferably
preblended with lubricant and any desired colorants), and one or more compatibilizer
materials. The input materials are mixed and blended in hopper 14. The barrier polymer
input preferably is selected from the group consisting of EVOH, nylon, acrylonitﬁle
copolymers such as styrene acrylonitrile and acrylonitrile methylacrylate, blends of EVOH and
amorphous nylon, blends of EVOH and an ionomer, acrylonitrile, cyclic olefin copolymers,
and blends thereof. The matrix polymer 'm;iut to hopper 14 preferably is selected from the
group consisting of EVA, ethylene/propylene copolymers, styrene block copolymers,
terpolymers, ionomers, thermoplastic rubbers, styrene/ethylene/butadiene/styrene biock
copolymers, styrene/ethylene/butadiene/styrene compounds, styrene/butadiene/styrene block
copolymers, EPDM, metallocene linear low polyethylene, metallocene syndiotatic
polypropylene, rubbers such as butyl rubber, styrene copolymers such as styrene/ethylene and
terpolymers such as styrene/ethylene/butylene, polypropylene/butyl rubber, and blends thereof.
The compatibilizer input to hopper 14 preferably is selected from the group consisting of
maleic anhydride grafted polymers, ethylene vinyl acetate grafted polymers, EVA, ethylene
methyl acrylate, ionomers and blends thereof. As noted above, a lubricant selected from the
group consisting of primary amides, secondary amides, secondary bis-amides and blends
thereof, preferably is preblended with the matrix polymer.

In the current invention, the liner material consists of a heterogeneous blend of
a matrix polymer (TPE or soft olefin) and a condensation polymer or barrier polymer, a
compatibilizer and appropriate lubricant. In the disclosed examples of the invention, the

matrix polymer is ethylene vinyl acetate (EVA) marketed under the trademark ELVAC 650

REPLACEMENT SHEET

'2 2 APR 1999




25% EVA/ 75% EVOH 97 100% EVOH
.100+ As noted above, the anmobunt of barrier material that can be enployed in
the bl end depends in part-on the hardness of the matrix polymer. For

exanple, the follow ng table conpares the hardnesses and ability to seal
agai nst a container nouth for various gjixtures of - 15 -

by Dupont), the barrier polymer is ethylene vinyl alcohol (EVOH marketed under the trade
designation E105B by Evalca), and the compatibilizer is a maleic anhydride grafted
polypropylene (ADMER QF551) with 0.5% by weight erucamide +0.5% ethylene bis-
oleamide as the lubricant. Although it is not required, it is preferred that all the components
of the liner be used in particulate form and the components mixed as particulates prior to
extrusion. The particles should as a general rule, be of a size such that the molten blend of
incompatible polymers exhibit the heterogeneity necessary to achieve the barrier properties that
characterize the invention. When the particles are of too small a size or the blend is too well

- mixed, the compound will function as a homogenous composition with little oxygen barrier
properties.

It is preferable that the input to extruder 12 be substantially uniformly blended,
and that the output of extruder 12 be of substantia‘lly uniform composition. Substantial
uniformity of composition is important in achieving a uniformity of properties. The barrier
particles should be uniformly distributed - i.e., statistically homogeneously distributed - to
achieve desired barrier properties. Extruder 12 should be a low-shear low-mixing extruder to
avoid homogenization of the mixture in which the particles or domains of the discontinuous
phase are too small.

It has been found to be desirable that the barrier material not be too well
blended into the matrix polymer. The barrier material should be in the form of discrete
particles, essentially sphéroidal, in the charge pellet, as illustrated in FIG. 4. If the barrier
material is too well blended into the elastomer, there are no discrete particles in the elastomer

matrix to form platelets during comparison molding. FIGS. 3A, 3B and 3C are
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EVOH with EVA (hardness equal s 91 Shore A) and pol ypropyl ene/ butyl rubber
-(TREFSI N, hardness equals 65 Shore A). The nual eated pol ypropyl ene
conpatibilizer and lubricant were enployed in the same anounts in all

sanples. Table 3 Materi al Har dness

Functional Sealing (Shore A) EVA +20% @/O—l 92

Yes EVA +34% EVCOH 92 Yes EVA +50%
EVCH 94 No :

photomicrographs of the center (FIGS. 3B and 3C) and edge (FIG. 3A) portions of liner 20a
(FI1G. 2) formed of a blend of 65% EVA, 34% EVOH and 1% compatibilizer (a maleic
anhydride grafted polymer). The barrier material is essentially in the form of thin flat

- overlapping substantially two-dimensional platelets (dark in the micrographs) parailel to the
plane of the liner. It is believed that the force of compression molding, coupled with the radial
material flow during compression molding, forms and aligns these platelets parallei to the
plane of the liner disk. FIG. 5A and 5B are similar photomicrographs of another liner
compression molded from the same material blend.

Several sets of test samples were fabricated 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 430 to 450°F in proportions to yield the desired weight ratios. Pellets 20 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.
1, and the compression tool was activated to cbmpress the pellet. The liner compression
molding machine was that disclosed in above-noted Patent No. §, 451,360. The liners were
molded to the configuration of FIG. 2, with a thickness at position 3A of 0.025 to 0.028
inches, and a thickness at position 3B of 0.015 to 0.018 inches. All closures were 43 mm
closures, and all liners had a diameter of 1,539 inches. The closures were conditioned for
about two weeks at 100% relative humidity prior to further testing.

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
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Pol ypr opyl ene/ butyl rubber +20% EVOH 67

.Yes Pol ypropyl ene/ butyl rubber +34% EVOH 75

Yes Pol ypropyl ene/ butyl rubber +50% EVOH 81

Yes The pol ypropyl ene/ butyl rubber enployed is nmarketed by Advanced

El ast omer Systens under the tradenark (RREFSI'N. Thus, a greater quantity of
barrier material can be incorporated imto a softer matrix material while
mai htai ning the ability to function as a seal.

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, 23°C and 100%
relativé humidity, and nitrogen gas was used to purge the volume within the closure to measure
oxygen concentration, and therefore oxygen permeation through the closure. When oxygen
permeability reach steady state, the figure was multiplied by 0.21 to correct for the quantity
of oxygeﬁ in the atmosphere, and recofded. |
When employing EVOH in polymer blends, it has generally been found in the
past that the percentage reduction of gas transmission roughly corresponds to the percentage |
of EVOH in the blend. For example, a blend having 20% EVOH would typically be expected
to exhibit a 20% reduction in oxygen transmission as compared with the same liner -
composition without EVOH. However, it was surprisingly discovered when implementing the
present invention that the reduction m oxygen transmission rate far exceeds the percentage of
.EVOH in the test blends. For example, a polypropylene cap having an in-situ compression-
molded barrier liner, in which the liner.consists of a blend of 65% EVA, 34% EVOH and 1%
adhesive/compatibilizer by weight, had an oxygen transmission rate of 0.006 to 0.007cc/43mm
. closure/day, as compared with a rate of 0.013cc/43mm closure/day for an identical closure
having a compression molded EVA liner of the same thickness and tested under identical
conditions. Another test was performed on closures with compression molded liners consisting
of 79% EVA, 20% EVOH and 1% compatibilizer. These samples exhibited an oxygen
transmission rate of 0.010 cc/43mm closure/day, again as compared with a rate of 0.013

cc/43mm closure/day for comparable EVA liners.
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at 100% relative humidity. All liners were 0.0135 inches thick:

Table 1

Test Sample

(1) 100% EVA

(2) 79% EVA, 20% EVOH,
1% comp.

(3) 65% EVA, 34% EVOH,
1% comp.

(4) 65% EVA, 34% EVOH,
1% comp.

Oxygen Transmissivity
(cc/43mm closure/day)

0.013
0.010

0.007

0.010

The compatibilizer in samples (2) to (4) was the maleic anhydride grafted polymer previously

noted. Test sample (4) was too well mixed, and thus did not exhibit the good results of sample

(3). Sample hardnesses are illustrated by the following table:

Table 2

Material

100% EVA

75% EVA/25% EVOH
50% EVA/50% EVOH
25% EVA/75% EVOH
100% EVOH

Hardness (Shore A)

91
92-94
94-96
97
100+

As noted above, the amount of barrier material that can be employed in the

blend depends in part on the hardness of the matrix polymer. For example, the following table

compares the hardnesses and ability to seal against a container mouth for various mixtures of



- 16 - Al patents and/or publications cited above are incorporated herein
.by reference. REPLACEMENT SHEET '
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EVOH with EVA (hardness equals 91 Shore A) and polypropylene/buty! rubber (TREFSIN,
hardness equals 65 Shore A). The maleated polypropylene compatibilizer and lubricant were

employed in the same amounts in all samples.

Table 3
Material Hardness Functional Sealing
(Shore A)

EVA +20% EVOH 92 _ Yes
EVA +34% EVOH 92 Yes
EVA +50% EVOH %4 No
Polypropylene/butyl

rubber +20% EVOH 67 Yes
Polypropylene/butyl '

rubber +34% EVOH - 75 Yes
Polypropylene/butyl

rubber +50% EVOH 81 Yes

The polypropylene/butyl rubber employed is marketed by Advanced Elastomer Systems under
the trademark TREFSIN. Thus, a greater quantity of barrier material can be incorporated into .
a softer matrix material while maintaining the ability to function as a seal.

There have thus been disclosed as 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 barrier material combinations have been disclosed. Other
combinations are envisioned for different applications, and will suggest themselves to persons

of ordinary skill in the art based upon the principles and parameters herein discussed.
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1. Asealing liner for a plastic closure that conprises a disk (20a, 20b or
20c) that consists essentially of a dispersion of discrete overl apping

pl atel ets di spersed throughout a matrix polyner, said platelets consisting
of a barrier polynmer and being oriented essentially parallel to the disk.
2. The liner of claim1l wherein saig liner includes a conpatibilizer to
pronot e adhesi on between the natrri.ﬁolyner and the barrier platelets. 3.

] ference.
cited above are incorporated herein by refer

All patents and/or publications
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A plastic closure that conprises: a cap (22) having a base (30) with a
-peri pheral skirt (32) defining a cap interior and neans (34) on said skirt
for securing the closure to a container, and a liner (20a, 20b or 20c) as
set forth in claim1l or 2 secured to the interior of said base, said-

pl atel ets being oriented essentially pgjallel to said-base’ 4. The closure

of claim3 wherein said liner is conpression nol ded\\l\*‘r\]‘\cﬂ“‘\l“ﬁ{mg\\m\d base.

Claims

1.
A sealing liner for a plastic closure that comprises a disk (20a, 20b or 20c) that
consists essentially of a dispersion of discrete overlapping platelets dispersed throughout a matrix

polymer, said platelets consisting of a barrier polymer and being oriented essentially parallel to the

disk.

2.
The liner of claim 1 wherein said liner includes a compatibilizer to promote adhesion

between the matrix polymer and the barrier platelets.

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 said skirt for securing the closure to a container, and

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

said platelets being oriented essentially parallel to said base.

4.

The closure of claim 3 wherein said liner is compression molded in situ onto said base.
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- 18 - 5. The invention set forth in any precedi ng claimwherein said
matrix polynmer is selected fromthe group consisting of thernoplastic
el astonmers, soft olefin polynmers, and m xtures thereof -6—The—ctosure set

forth in cIa|m5 wherein said matrix polyner is a ther oner
having a Shore A hardness of 45 to 95 agd a flexural mﬂmlﬁﬁ“ “ W”O to
100, 000 psi. 7. —

5.

The invention set forth in any preceding claim wherein said matrix polymer is selected

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

6.
The closure set forth in claim 5 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.

7.
The closure set forth in claim 5 wherein said matrix polymer is a thermoplastic

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

8.
The closure set forth in claim 5 wherein said matrix polymer is an olefin polymer

having a Shore A hardness less than 100.

9.
The closure set forth in claim 8 wherein said olefin polymer is selected from the group
consisting of metellocene polyethylene, ethylene-propylene rubbers, ethylene copolymers, and

mixtures thereof.
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The closure set forth in claim5 wherein said matrix polyner is a

.thernopl astic el astoner selected fromthe group consisting of styrene bl ock
copolynmers and el astoneric alloys. 8. The closure set-feorth-in.claimb5b_.
wherein said matrix polyner is an ol efin polyner havi nﬂﬂmﬁhore A hardness

|l ess than 100. 9. The closure set fort{yin claim3$8 wh* wﬂﬂ,mmm,
| e ene,

polynmer is selected fromthe group conststing of nete
et hyl ene- propyl ene rubbers, ethyl ene copol yners, and m xtures thereo

10.
The closure of any preceding claim wherein said barrier material is selected from the
group consisting of EVOH, nylon, acrylonitrile copolymers, blends of EVOH and amorphous nylon,

blends of EVOH and an ionomer, acrylonitrile, cyclic olefin copolymers, and blends thereof.

11.
The closure of any preceding claim 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.

12.
The closure set forth in any preceding claim wherein said barrier material comprises

EVOH and said matrix polymer comprises EVA or polypropylene/butyl rubber.

13.
The closure set forth in claim 12 wherein said barrier material is in the range of about
20% to 60% by weight, said compatibilizer is in the range of about 1% to 10% by weight, with the

balance consisting of said matrix polymer.




- 19 - 10. The closure of any preceding claimwherein said barrier materi al
is selected fromthe group consisting of EVOH, nylon, acrylonitrile

copol yners, blends of EVOH and amorphous nyl on, bl ends of EVOH and an

i onomer, acrylonitrile, cyclic- olefin copolyners, a”‘““l“ﬂm “mlmmmll
| --2—(_)- * [ L L] S *

14,
The closure set forth in any preceding claim wherein said barrier material is in the
range of about 20% to 60% by weight, said compatibilizer is in the range of about 1% to 10% by

weight, with the balance consisting of said matrix polymer.

15.

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

of less than 94.

16.
The closure set forth in any preceding claim wherein said liner contains lubricant in

the amount of about 0.5% to 2.0% by weight.

17.

The closure set forth in claim 16 wherein said lubricant is in the amount of about 1%

by weight.

18.
The closure set forth in claim 17 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.




The closure of any preceding claimwherein said conpatibilizer is selected
fromthe group consisting of naleic anhydride grafted pol yners, ethylene
vinyl acetate grafted pol yners, ethyl ene nethyl acryl ate,--i-onerers-and—-

bl ends thereof. 12. The closure set forth in any preceding. claj My
said barrier material conprises EVOH ang said matrix pﬂ“liﬁr“uﬁlm‘m[hﬁmEVA
or pol ypropyl ene/ butyl rubber. 13. The-el osure set fort *
wherein said barrier material is in the range of about 20%to 60% by

wei ght, said conpatibilizer is in the jgnge of about 1%to 10% by wei ght,

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

comprises the steps of:

(a) forming a pellet (20) that consists essentially of a blend of a matrix polymer, a
barrier polymer and a compatibilizer to promote adhesion betwéen the matrix polymer and the barrier
polymer, and

(b) compression molding said pellet to form a liner disk (20a, 20b or 20c) within
which heat and pressure from compression molding forms said polymer into discrete platelets that are

oriented essentially parallel to the disk.

20.
The method of claim 19 comprises the additional steps 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 sécuring the cap to a container, and

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

21.
The method set forth in claim 20 wherein said step (d) is carried out by compression

molding said liner in situ on said base.




bal ance consisting of said matrix pol yner. - 20 - 14. The closure set
forth in any preceding claimwherein said barrier material is in the range
of about 20%to 60% by wei ght, said conpatibilizer is in the range of about
1% to 10% by weight, with the bal ance consisting of said matrix polyner.

= AN VY D
22, |
The method set forth in claim 21 wherein said step (a) comprises the step of forming
said pellet such that said bartier polymer is substantially uniformly dispersed as a discontinuous phase

of discrete particles within said matrix polymer.
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15. The.cl osure set forth in any preceding claimwherein said |liner has a
Shore A hardness of less than 94. 16. The closure set forth in any
preceding claimwherein said liner contains |lubricant in the amount of

about 0.5%to 2.0% by weight. 17. The closure set forth in claim 16 wherein
said lubricant is in the amount of aboyg _1% by wei ght.

PLASTIC CLOSURE WITH COMPRESSION MOLDED BARRIER LINER
Abstract of the Disclosure

A plastic closure that includes a cap (22) having a base (30) with a peripheral skirt

(32) definiing a cap interior and threads (34) on the skirt for securing the closure to a container. A
liner (202, 20b or 20c) is secured to the interior of the cap, preferably by compression molding in situ.
The liner consists essentially of a blend of a matrix polymer, a particulate barrier polymer and a
compatibilizer. The heat and pressure of compression forms the particles of barrier polymer into

platelets that are oriented essentially parallel to the plane of the disk.

Figure 2




18. The closure set forth in claim1l7 wherein said lubricant is selected
‘fromthe group consisting of fatty acid am des, fatty acid esters,
m crocrystal li ne waxes, polyethylene glycols, primry an des, secondary
am des, secondary-bis am des, and bl ends thereof - 21 - 19.
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A nethod of nmaking a linher for a plastic closure as set forth in any
precedi ng claimthat conprises the steps of: (a) formng a pellet (20) that
consists essentially of a blend of a matrix polynmer, a barrier polyner and
a conpatibilizer to pronote adhesion between the matrix polyner and the
barrier polyner, and (b) conpression noldjng said pellet to forma |iner

di sk (20a, 20b or 20c) wi thin which heat—and pressure from conpression

nol ding forns said polynmer into discrete platelets that are oriented
essentially parallel to the disk. 20. '

FIG. 3A
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The met hod of claim 19 conprises the additional steps of: (c) providing a
closure cap (22) having a base (30) and a peripheral skirt (32) defining a
cap interior and nmeans '(34) on said skirt for securing the cap to a
container, and (d) securing said liner disk to the interior of said cap.
21. The nmethod set forth in claim20 wheyein said step (d) is carried out
by conpression nolding said liner in sitg on said base.




-22 - 22. The nethod set forth in claim?2l1 wherein.said step (a) conprises
the step of formng said pellet such that said barrier polyner is
substantially uniformy dispersed as a discontinuous phase of discrete
particles within said matrix pol yner.

-4.-

—

FIG. 5A

FIG. 5B
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