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MULTILAYER Fit M

TECHNICAL FIELD OF THE INVENTION

The present application describes a mullitayer film having fow water vapor
permeability. The multilayer fim of the present application is readily thermoformed
and is, therefore, suitable for blister packaging sheeis as well as for food packaging,
medical barriers and device packaging, and other general purposes where pw water
vapor permeability s desired.

BACKGROUND OF THE INVENTION

Packaging for pharmaceuticals and other medical implements typically
employ multilayer films {o provide adequate dust and moisture barriers for
maintaining the integrity of the items contained within the packages. Conventional
films used in these applications contain one or more polymers that are formed from
hatogenated molecules such as polyvinyl chloride (PVC), polyvinyldiene chioride
(PVdC), or fluorinated-chiorinated resins such as poly-chioro-ri-fluoro-ethylene
{(PCTFE). Although films that incorporate these resins provide effective barriers,
manufacturing and disposal of these films can result in undesired effects and
sometimes dangerous byproducts, For example, dioxin can be formed from PVC
production and disposal, and PVdC can cause excessive corrosion of equipment and
packaging machinery.

Producing multilayer films and utilizing such films in a variety of packaging
applications is well known. Multilayer films can be produced in a variely of ways and
often include extrusion or co-extrusion steps followed by thermal or adhesive
lamination, extrusion lamination, and/or exfrusion coating. Howsver, some films ¢can

ke produced solely by co-axlrusion,
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Co-extrusion of multifayer films is well known in the art and includes co-
extrusion blown films and cast films as described, for exampie, in U.S. Patent Nos.
3,479,425, 3,787,987, 3,959,431, and 4 406,547, Multilayered films can be
produced by co-extruding two or more mell streams through a die o produce g
lavered structure when allowed to cool. The co-extruded films can further be
laminated to other film layers o can he coated with additional polymers o
incorporate more layers into a final film product. Since not all polymers readily
adhere to each other, some films may also incormporate tie or adhesive~-containing
layers that facilitate the adhesion of two or more layers iy a film. These fie layers
can be co-extruded with the other polymeric layers or can be introduced during a
lamination process.

Packaging for pharmaceuticals or other moisture-sensitive materials requires
not only low moisture permeability but also other properties such as chemical
inertness, clarity, rigidity, or uniform thickness. Properies of the finished film such
as overall thickness can be controlled by the relative speed and output of the
individual extruders delivering the melt streams to the die. In addition, polymer
viscosity and melting temperatures of the individual polymers ¢an affedt the
thickness and adhesion of the layers to each other following extrusion. However,
many of the desired finished film properties are unique fo each layer within the
multilayer film and, therefore, can make co-extrusion of cerlain films very
chailenging.

Multilayer films can be shaped into packaging by subjecting themic a
thermoforming process. Plastic thermoforming processes are weil known in the art
and are described, for example, in U.S. Patent Nos. 4,421,721, 4,894,229,

5,106,567, and 6,086,600. Generally, thermoforming is a process for forming a
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plastic container or packaging structure by heating a sheet of plastic fiim fo a desired
forming temperature and shaping the film by subjecting it to vacuum or pressure
shaping in a mold.

Thermoformed blister packaging is often used for commercial packaging of
food products, personal care products, and human health products such as
pharmaceuticals and medical devices or pther implements. The use of this type of
packaging has become widespread mainly due o the ability to incarporate suitable
moisture, dust, UV and/or gas barriers into the packages when such properties are
desired for maintaining the product contained by the package. For example,
pharmaceutical blister packaging is effective for mainiaining drug tablet integrity.
However, the common packaging today typically containg the undesired halogenated
polymers described above,

Therefore, there is stil a need for multilaver films and thermoformed
packaging, especially for pharmaceuticals, that is free of halogenated polymers, is
chemically inert and non-corrosive, is gesthetically pleasing enough to present the
products contained therein, is durable snough to protect the packaging contents, and
is capable of being manufactured on existing equipment in pharmaceutical fli/finish
manufacturing plants.

SUMMARY QF THE INVENTION

The present application describes a multifayer film with desirable water vapor
barner properties that is substantially free of halogenated polymers.

In a first aspect, the present application describes a mullilayer fim comprising
a first layer, a second layer and a third layer, wherein the first and third fayers
comprise a halogen-free, substantially chemically inett polymer, and the second

layer comprises high density polyethylene (HDPE}, a nuclealing agent, and a

tad
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hydrocarbon resin, and wherein the second layer is between fhe first and third
tayers, and wherein a te layer is between the first and second layvers and between
the second and third layers.

ir a8 second aspect, the present application describes a thermoformed blister
package formed from a multilayer film comprising a first layer, a second layer and a
third tayer, whersin the first and third Iayers comptise a halogen-free, substantially
chemicaly inert polymer, and the second layer comprises HDPE, a nucleating agent,
and a hydrocarbon resin, and wherein the second layer is between the first and third
layers, and wherein a tie layer is between the first and second layers and between
the second and third layers.

in a third aspect, the present application describes a cast co-extrusion
process comprising forming a first layer comprising a halogen-fres, substantially
chemically inert layer; forming a second layer comprising HDPE, a nucleating agent,
and a hydrocarbon resin, forming a third layer comprising a halogen-free,
substantially chemically inert layer; forming a tie layer between the first and second
layer and between the second and third layer, wherein the tie layers comprise a tie
resin, HDPE, and a nucleating agent; co-extruding the firs{, second, third and tie
layers into an extrudate; and cooling the extrudate on a cooling roller to form a five-
tayer multitayer film.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a schematic representation of a cross-sectional view of an
ambodiment of the multidaver film of the present application.

FIG. 2 is g perspective view of a blister package in accordance with one

ambodiment of the present application,
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FIG. 3 is a botlom plane view of a blister package in accordance with ancther
embodiment of the present application.

FIG. 4 is a side plane view of a blister package in accordance with a further
embodiment of the present application.

FIG. 5 is a graphical representation of one embodiment of an effective
rheology profile of 8 halogen-free, substantially chemically inert polymer

FIG. 6 is a graphical representation of another embodiment of an effective
rheclogy profile of a halogen-free, substantially chemically inert polymer.

DETAILED DESCRIPTION OF THE INVENTION

The prasent application describes a multilayer film substantially free of
halogenated polymers, having desirable moisture barrier properties, and useful for
preparing thermoformed blister packages.

As used herein, the term "polymer” refers {0 a macromolecule composed of
repeating structural units and includes homopolymers, copolymers and
heteropolymers. Therefore, as used herein, polymeric materials can comprise
polymers, copolymers, or mixiures thereof.

As used herein, the phrase "halogenated polymers” refers {o polymers that
contain one or more halogen atoms on the repeating backbone of the polymer.
Exampiles of such polymers include PVC, PVAC and PCTFE.

As used herein, the term "mudtilayver” means a plurality of layers it a single
film generally in the form of a sheet or web which can be made from polymeric or
non-polymeric materials bound together by conventional means known in the ar, for
exampie, lamination, co-extrusion and the like.

As used herein, the term "co-extrusion” means the process of extruding two or

more polymer materials through a single die with two or more orifices arranged such
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that the extrudates merge and weld together in a laminar struckure before cooling or
quenching. Co-extrusion methods are known to those skilled in the art and include,
but are not imited to, blown co-extrusion and cast co-exfrusion. The fiat die or siot
die cast process includes extruding polymer streams through a flat or siot die onfo &
chifled roll and subsequently winding the fiim onfo a core {o form a roll of film for
further processing. In one embodiment, the multifayer film of the present application
is prepared by a flat die cast co-extrusion process

As used herein, the phrase "blown filim" means a film produced by the blown
co~extrusion process. In the blown co-extrusion process, streams of meli-plastified
potymers are forced through an annular die having a central mandrel to form a
tubular extrudate. The tubular extrudate may be expanded {0 8 desired wall
thickness by a volume of fluid, air or other gas, entering the hollow interior of the
extrudate via the mandrel, and then rapidly cooled or quenched by any of the various
methods known to those in the art.

As used herein, the {erm "layer” refers to a discrete film or sheet component
that is coextensive with the film or sheet and has substantially uniform composition.
Thus, in a monoclaver film, the terms "film." "sheet” and "layer" are synonymous.

As used heren, the term "barrier” refers to a maternial that controls
permeability of one or more elements including, moisture, chemicals, heat, odor, and
oxygen or other gases. As it relates {o mullilayer films, the barner can be provided
by a single layer or multiple layers acting in concert or individually. For example, a
maisture barrier refers to a material that imils the pameability of water vapor
through the matenal, In one smbodiment, the multilayer film of the present

application comprises a mosture barrier,
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As used herein, the phrase “He layer” or "He material” refers o a polymeric
material that has the primary function of adhering one film layer to another, The tie
laver can comprise polymers or blends of polymers, with or without modification, that
provide superior achesion of the adjacent lavers 1o each other as compared 1o the
adhesion of the adjacent layers without the presence of the tie layer. Reference to
"a fie layer" or “lie material” includes a single tie resin or a blend of two or more
resins. Iy one embaodiment, the tie layers comprise tie resin of from about 70% to
about 85% by weight of the layer.

As used herein, the phrase "high density polyethyleng” or "HDRPE" refers to
homopolymers of ethylene that have densities of about 0.960 gicm® to about 0.970
g/em® as well as copolymers of ethylene and an alpha-olefin (such as 1-butene or 1-
hexene) that have densities of about 0.940 g/em® to about 0.958 gicm®. HDPE is
inclusive of polymers made with Ziegler or Phillips type catalysts and polymers made
with single-site metaliocene catalysts. HDPE also refers {o high molecular weight
polyethylenes. In contrast to HDPE wherein the polymers contain some branching,
"ultra-high molecular weight polysthylenes” are primarily unbranched and are of a
molecular weight that is significantly higher than that of a HDPE. in one embodiment
of the multilayer film of the present application, the tie layer comprises from about
5% to about 25% HDPE by weight of the laver. In another embodiment, the tie laver
comprses from about 18% {o about 22% HDPE by weight of the fayer. In ancther
embaodiment, the second layer comprises from about 80% {o about 85% HDPE by
weight of the layer.

As used hersin, the phrase "low densily polysthylene” or "LDPE" refers {o a
branched homopolymer having a density of about 0.915 giom™ to about 0.930 giem®,

as well as copolymers containing polar groups resulting from copolymerization, as
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with vinyl acetate or ethyl acrylate. LDPE typically contains a primary backbone with
branching of atkyl substituents of two to sight carbons in length.

As used herein, the phrase "nudieating agent” means a compaosition that
provides an active surface for polvmer adsorpion and increases polymer crystaliinity
as a resull. Such nucleating agents typically provide better control over
crystaliization rates. Examples of nuclealing agents include minerals such as chalk,
tale, clay, kaolin, silicates and the like, and arganic agents such as salts of aliphatic
or gromatic carboxylic acids, aromatic salts, metallic salts of aromatic phosphorous
compounds, quinaridones, and aromatic amides. Further examples include zinc
glycerclate, calcium glycerolate, calcium hexahydrophthalate, zinc
hexahydrophthalate, salts and the like, and mixtures thereof. In one embodiment,
the nucleating agent comprises calcium hexahydrophthalate. In one embodiment,
the nucleating agent is present in the tie layer from about 0.2% 1o about 3.5% by
weight of the layer. In another embodiment, the nucleating agent is present in the
second layer from about 0.01% to about 3.0% by weight of the layer.

As used herein, the phrase "hydrocarbon resin® refers to a product produced
by polymerization from coal tar, petroleum, and turpentine feed stocks, as defined by
1ISO Standard 472, "Plastics —~ Vocabulary” incorporated by reference herein to the
extent that it teaches hydrocarbon resing. Reference to "a hydrocarbon resin®
includes pure resins of a single class or a mture of two o more classes. inone
embaodiment, the hydrocarbon resin is present in the second layer from about 3% {0
ahout 18% by weight of the layer. In another embodiment, the hydrocarbon resin is
present in the second layer from about 5% {0 about 10% by weight of the layer.

As used herein, the phrase "halogen-free polymer™ designates polymers that

are free of halogens in the polymer backbones. Such polymers may contain residuat
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halogens from one or more halogen-confaining catalysts used in the production of
the polymers.

As used herein, the phrase "substantially chemically inert polymer” refers to
polymers that generally are not reactive with other elements and do not contain
components such as styrene that may leech from the polymeric film layer. Examples
of substantially chemically ingrt polymers include aromatic polyesters such as
polyethylene terephthalate (PETG), polysthylene including HDPE and LDPE,
polypropylene, polyethylene naphthalate (PEN), polybutylene terephthalate (PBT),
potylactic acid (PLA) and cyclic olefin copolymers (CQC}.

As used herein, the phrase "aromatic polyasters” designates polyester which
may be congidered to be the polymeric product obtained by polycondensing a diol
and a dicarboxylic acid, at least a parnt of the diol and/or the dicarboxylic acid
containing an aromatic ring. Examples of aromatic polyesters include polyethylene
terephthalate (PET), amorphous polyethylene terephthalate (ARPET), crystalline
polyethylene terephthalate (CPET), glvcol-modified polysthylene {erephthalate
(PETG) and polybutylene terephthalate (PBT). In one embodiment, the aromatic
polyester of the muitilayer film of the present application is PETG.

As used herein, the phrase” palindromic film" refers to a multilayer film that is
substantially symmetrical. Examples of palindromic films have structures such as
AMBICIBIA, A/BIBIA, or A/BIA. Palindromic films can be produced by co-extrusion,
lamination, or any other methods known inthe arl. One method for preparing
patindromic fiims s a blown co-extrusion process wherein the multitayer Him is blown
and co-extruded in a tube, flattened upon iiself, and then thermally laminated to
create g single core layer from the two identical interior "layers” of the flattened tube.

Another method for preparing palindromic films is a cast co-extrusion process
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wherein the resins are extruded through a flat or slof die onfo a chill rolf and coaled
prograssively. in one embodiment of the multilayer film of the present application, the
multilayer film is a palindromic film. In a further embodiment, the multiaver ilmis a
five-layer patindromic fim formed in g cast co-axtrusion process.

As used herein, the term “thermoformed” means a film or sheet that is formed
into g desired shape by the application of a differential pressure hebweean the film and
a mold, by the application of heat, or a combination thersof. Many methads of
thermoforming are known in the art.

As used herain, the term "mil” or "mils™ means ong thousandth of an inch and
is used to describe the thickness of a tayer, sheet, or film. in one embodiment of the
multilayer film of the present application, the thickness of the multilayer film is from
about § mils to about 25 mils. In a further embodiment, the thickness of the
multilayer film is from about 10 mils to about 21 mils. In yet ancther embodiment,
the thickness of the multilayer film is about 10 mils, about 12mils, about 15mils,
about 18mils, or about 21 mils.

The multilayer film of the present application can be made with layers of
various weighis and thicknesses {o make 3 final film product that is any of the
thicknesses described above. In one embodiment, the first and third layers of the
mudtilayer film of the present application are each from about 8% to about 10% of the
total weight of the film.  In another embodiment, the second layer is from about 68%
{0 about 74% of the total weight of the film. In ancther embodiment, the tie layers
are each from about 4% {0 about 6% of the tolal weight of the #iim.

The mullilayer film of the present application comprises a maisture barrier.
Such barrier properties can be provided by one or more of the layers of the film; and

the film is suitable, for example, for packaging pharmaceutical oral dosage forms. in

0
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one embodiment of the multilayer film of the present application, the multilayer film
provides a moisture vapor transmission rate of less than 0.0007 grams per cavity per
day at 40°C and 75% relative humidity and less than 0.0001 grams per cavity per
day at 23°C and 75% relative humidity when thermoformed info a blister package
with size 00 cavities and measured in accordance with USP671. In another
embodiment, the multilayer film provides a moisture vapor fransmission rate of about
0.0001 to about 0.0005 grams per cavity per day at 40°C and 75% relative humidity
when thermoformed into a blister package with size 00 cavities and measured in
accordance with USP871.

Multitayer films have been described in US patent publication 2012/0107542.
in contrast, the present application describes a multilayer film compriging a first, a
second and a third layer, wherein the first and third layers comprise a halogen-free,
substantially chemically inert polymer, and the second layer comprises HDPE, a
nucieating agent, and a hydrocarbon resin, and wherein the second layer is between
the first and third layers, and wherain a tie layer is between the first and second
layers and between the second and third layers. The muitilayer films of the present
application are advantageously produced by cast co-extrusion without the need for
further lamination or coating of the layers such as coating the halogen-free,
chemically substantially inert polymer onto the polyethylene containing core layer.
Additional advantages include g higher content of high density polyethyleng in a
thinner final film product, lower mell temperatures for thermoforming, and fewer
types of resins in the final film product as compared {o sinular films produced by
blown film co-extrusion processes,

Co-axtrusion of mulidayer fiims can be challenging due {0 the difference in

properties of the components of the various layers. For example, it is difficult to co-
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extrude aromatic polvesters such as PETG in a thin, outer layer of a multidayer film,
especially when adhered to a high density polyethylene layer. Undesired cutcomes
of these co-extrusions include warping of the final §ims and curlain separation or
delamination of the layers during the co-axtrusion process. The inveniors have
found that employing a cast co-extrusion process with a lower-viscosity halogen-free,
substantially chemically inert polymer such as PETG provides a multilayer film
comprising a first layer comprising PETG and a third layer comprising PETG with a
gecond layer comprising HDPE, a nuclesating agent and g hydrocarbon resin
between the first layer and the third layer and with a tie layer between the first and
second layer and between the second and third layer. I one embodiment, such
muitilayer film can be produced fo a final film thickness of about 10 mils to about 21
mits with the second layer comprising HDPE of at feast 50% and up to 85% by
weight of the laver. In cedain embodiments, the HDPE content of the second layer
is from about 55% to about 70% by weight of the {ayer; in other embodiments, the
HDPE content of the second layer is from about 60% to 68% by weight of the layer.
Lower viscosity PETG resins are typically employed in injection molding
processes and are deemead not suitable for co-exirusion processes due to theiy
watery consistency. However, the inventors surprisingly found that cast co-extrusion
with a first layer comprising low-viscosity PETG and a third layer comprising low-
viscosity PETG with a second {core} layer comprising HDPE, a nucleating agent and
a hydrocarbon resin between the first layer and the third layver and with a fie layer
between the first and second layer and between the second and third fayer resulied
in a desired mudtilayer fitm with high moisture barrier properties, good thermoforming

properties and chemical inertness. Such properties are highly desired in packaging
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for blister packages for pharmaceutical solid dosage forms and for packaging for
surgical implements or other medical devices or materials.

The halogen-free, substantiafly chemically inert polymers utilized in the
muttilaver film of the present application can have certain viscosities defining
rheclogy profiles that are advantageous for use in a cast co-extrusion process. FiG.
5 is a graphical representation of one embodiment of an gffective rhedlogy profile of
a hatogen-free, substantially chemically inert polymer. in this embodiment, the
halogen-free, substantially chemical inert polymer can have mell viscosities (in
poise) at various shear rates (in radian/second) at a femperature of about 220°C

from the {ower range to the upper range described in Table 1.

TABLE 1
Lower Range Upper Range
Meit Meit

visSgosity Shear rate viscosity Shear rate
{poise) {radisec) {poise) {rad/sec)

1 28795 1 48077

4 25837 31 31080

19 22148 61 26775

40 15985 153 20580

100 11056 307 15540

400 70853 613 10354

In FIG. 5, first lower fine 510 piots the melt viscosities of the lower range
described in Table 1. First upper ling 520 plots the melt viscosities of the upper
range described in Table 1. First range 530 is the area between first lower iine 510
and first upper fine 520 and, for this embodiment, is the effective rheology profile. In
this embodiment, for exampie, the halogen-free, substantially chemically inert
polymer has g mell viscosity from about 28,795 poise (o about 48,077 poise at 1
radian/second shear rate at a temperature of about 220°C. In another embodiment,
the halogen-free, substantially chemically inert polymerof Table 1 and FIG. 5 s

PETG.

13
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FIG. 6 is a graphical representation of another embodiment of an effective
rheoclogy prefile of a halogen-free, substantially chemically inert polymer. In this
embodiment, the halogen-free, substantially chemical inert polymer can have melt
viscosities {in poise) gt various shear rates (in radian/second) at a temperature of

about 220°C from the lower range to the upper range described in Table 2.

TABLE 2
Lowsr Range Upper Range
Meit Meft
VISCOsity Shear rate viscosity Shear rate
{noise) {radisec) {poise) {radfsec)
1 287986 1 31826
4 25637 4 28335
18 22148 18 24480
40 15965 40 17645
100 11956 100 13214
400 7053 400 7798

in FIG. 8, second lower line 610 piots the melt viscosities of the lower range
described in Tahle 2. Second upper line 620 plots the melt viscosities of the upper
range described i Table 2. Second range 630 is the area between second lower
ling 610 and second upper ing 620 and, for this embadiment, is the effective
rheclogy profile. In this embodiment, for example, the halogen-free, substantially
chemically inert polymer has a mell viscosity from about 28,795 poise o about
31,826 poise at 1 radian/second shear rate at a temperature of about 220°C. In
another embodiment, the halogen-free, substantially chemically inert polymer of
Table 2 and FIG. 8§ is PETG.

The melt viscosities described in Table 1, Table 7, FIG. 5 and FI5. 6 were
measured at 220°C in accordance with ASTM D3835 or 150 11443

A cross-sectional view of an embodiment of the multilayer film of the present
application is represented in FIG. 1. Multilayer film 10 comprises a first halogen-free,

substantially chemically inert layer 11, a second polyethylene blend layer 13, a third
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hatogen-free, substantially chemically inert layer 15 and fie layers 12 and 14. First
and third halogen-free, substantially chemically inert fayers 11 and 15 can comprise
PETG. Second polyethylene blend layer 13 can comprise HDPE, a hydrocarbon
resin, and a nucleating agent. Tie layers 12 and 14 can comprise a e resin, HDPE,
and a nucleating agent. Polyethylene blend layer 13 can comprise HDPE from about
50% 1o about 95% by weight of the laver, hydrocarban resin from about 3% to about
18% by weight of the layer, and a nudleating agent fram about 0.01% to about 3.0%
by weight of the layer. Tie layers 12 and 14 can comprise a te resin from about 70%
to about 95% by weight of the layer, HDPE from about 5% to 25% by weight of the
layer, and nucleating agent from about 8.2% to 3.5% by weight of the layer.

in one embaodiment, first and third layers 11 and 15 are of substantially the
same composition. In another embodiment, tie layers 12 and 14 are of substantially
the same compaosition. In a further embodiment, first and third layers 11 and 15 are
of substantially different composition. In an additional embodiment, tie layers 12 and
14 are of substantially different composition.  In another embodiment, multilayer film
10 is a five layer palindromic film.

A blister package in accordance with one embodiment of the present
application is represented in the perspective view of FIG. 2. Blister package 40
comprises a plurslity of domed receptacles 41, A bottom plane view of a blister
package in accordance with another embodiment of the present application is
represented in FIG. 3. In FIG. 3, blister package 140 comprises a plurality of domed
receptacies 141. FIG. 4 is a side plans view of a biister package in accordance with
a further embodiment of the present application. In FIG. 4, blister package 240 is
shown further containing pharmaceutical tablets 243 within domed receplacies 241

and such package is sealed with lidding §im 244.
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The muiltilaver film of the present application can be made in a cast co-
extrusion process. in one embodiment, the cast co-exirusion process for making a
multilayer film comprises:

a. forming a first layer comprising a halogen-fres, substantially chemically
inert layer;
b forming & second laver comprising HDPE, a nucleating agent, and a
hydrocarbon resin,
¢. forming a third layer comprising a halogen-free, substantially
chemically inert layer;
d. forming a tie layer between the first and second layer and between the
second and third layer wherein the tie {ayers comprise a e resin,
HDPE, and a nucleating agent;
e. co-extruding the first, second, third and tie fayers into an extrudate; and
f.  cooling the extrudate on a cooling rofler, forming a five-layer mutltilayer
fitm.
in one embodiment, the first, second, third and tie layers can be co-extruded through
a flat die; in another embodiment, the first, second, third and tie layers can be co-
extruded through a slot die.

A blister package in accordance with the present application can comprise
one of more receptacies for containing the item or lems to be packaged. The
receptacies can be shaped to conform to the item or items {0 be packaged or they
can be shaped in various forms for more gengric applications. In one smbaodiment,
the blister package comprises g plurality of domed receptacies. The plurality of

raeceptacies can be any shape bul are generally circular or oblong in a form suitabile

16
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for containing a pharmacsutical {gblet, capsule or gel cap, and can be round or flat
bottomed receptacles.

The blister packages in accordance with the present application comprise a
number of advantages over blister packages described in the prior art. For exampie,
the packages of the present application do not contain any harmful halogenated
polymers. i addition, the Bim of the present application provides a stackable blister
package, especially for pharmaceutical packaging, that does not readily curl. The
package retains its relative "flat” structure even after thermoforming, likely because
of the palindromic nature of the film. Ancther advantage, especially for
pharmacsutical packages, is that the blister packages of the present application can
be produced on the existing form, fill and finish equipment of many pharmaceutical
manufacturers and can be thermoformed at a meit temperature that is generally
lower than that of conventionat films. The PETG outer layers are substantially
chemically inert and, thus, do not leech undesired compounds into the composition
contained by the package nor cause damage {o or corrosion of the packaging
equipment. The blister package of the present application also provides a suifable
moisiure barrier highly desired for pharmaceutical and medical device or other
implement packaging.

Blister packages as well as other thermoformed packages are typically sealed
with a hdding material that can comprise polymaeric film, lacquer, foll, paper, or any
combination of the above. The polymeric film can be extrusion coated. The lidding
film is {ypically sealed with a heal-activated sealant. In ong embodiment, the likdding
material comprises exirusion coated sealant and foil. In another embaodiment, the

lidding material comprises sxtrusion coated sealant, foil and lacquer.

17
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The above description and the following examples illustrate certain

embodiments of the present application and are not to be inferpreted as fimiting. In

addition, individual embodiments described can be combined with one or more

additional embodiments and such combinations are within the scope of the

application. Modifications and adaptations of the various condifions and parameters

normally encountered in the art will be apparent to those skilled in the art and are

deemead to be within the spirit and scope of the present application.

EXAMPLES

Examples 1a and 1b. The following multilayer films were produced in a cast

co-extrusion process. Generally, the five-layer cast co-extruded film was produced

with the percent compositions as described in Table 3 for each layer. The overall

film thickness was from about 10 mils {o about 21 mils.

TABLE 3
Example 18 Example 1b
Layer We;gzﬁt % of Component We;gﬁt % of | Weight % of Component Weight % of
Hm layer film layer
First 8.3 PETG 100 9.3 PETG 100
5 Tie resin 78 5 Tie resin 76
HDPE 20 HDPE 20
Tie Nucleating Nucleating
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, agentblend | 2 o .. i‘Bgentblend |, 2
Color Colar
concentrate 2 concentrate 2
71.4 HDPE g2 .1 71.4 HDPE 84.2
hydrocarbon hydrocarbon
Second resin 7.4 resin 14.8
Nucleating Nucleating
agent blend 05 agent blend 05
5 Tie resin 78 5 Tie resin 78
HDPE 20 HDPE 20
Tig Nucleating Nucleating
agent blend 2 agent blend 2
Color Color
concentrate 2 concentrate 2
Third 8.3 PETG 100 8.3 PETG 100

18
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Example 2. Moisture vapor transfer rate (MVTR) was measured for samples

A~ H both as flat sheet film and as thermoformed blisier packages (round or flat
boltom cavities) made from the film. The round or flat bollom cavities were sized for
US Pharmacopia standard size 00 capsules. Film compositions for samples A-H are
as shown in Table 4. Flat sheet MVTR was measured at 100°F and 90% relative
humidity in g!f\:’izfday in accordance with ASTM F1248 and the resulls are shown in
Table 5. MVTR was measured for the thermoformed blister packages in accordance
with USPS71 at 23°C or 40°C and at a relative humidity of 75%. MVTR resuits for

the blister packages are shown in Table 6.

TABLE 4
Sample Fitm Compaosition
A As in Example 1b except additional tie resin

replaced the color concentrate in both tie layers
and 10% crystal polystyrens {by weight} replaced
10% PETG {by weight) in the first and third layers.
B As in Example 1b except additional tie resin
replaced the color concentrate in both tie layers,

c As in Exampie 1b except additional tie resin
replaced the color concentrate in both lie layers.
D Example 1a
E Example 1a
F Example 1b
G 250um PVC film coated with 60 gim® PVdC
H 250um PVC film coated with 120 gim? PVAC
TABLE 5
sample | it | shoet
A 8.9 0.208
B 187 8.101
G 209 0.096
D 14.8 0.113
E 203 0.080
F 21.2 0.092
G 11.2 0.387
H 12.6 0.254

18
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TABLE 6
Sample | ., mil Round ?Dttam Round E:Gttcm Flat b?ﬁom Flat ?b.?ﬁom
thickness | 23°C 40°C 23°C 40°C

A 98 | 0.0001080 0.000448 0.0000929 0.000389
B 16.7 0.0000560 0.000245 - -

C 209 0.0000392 0.000167 0.0000198 £.000178
D 14.8 ~ - 0.0000571 £.000242
E 20.3 ~ - 00000339 £.000169
F 21.2 ~ - 00000186 0.000172
G 1.2 {.0600540 0.0004e9 G.0000750 (.000621
H 12.8 {.0000318 0.000272 0.0000484 £.000361

What is claimed is as follows:

20
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CLAIMS
1. A multitayer film comprising:
a. a first layer comprising a halogen-free, substantially chemicatlly inent
polymer;

. a second layer comprising high density polvethyiene {HGPE)Y, &

niucieating agent, and a hydrocarbon resin;

. a third layer comprising a halogen-free, substantially chemically inert
polymer;

d. a tie fayer between the first and second layers; and

e a tie layer between the second and third layers;

wherein the second layer is between the first and third layers.
2. The film of claim 1, wherein the halogen-free, substantially chemically inert
polymer has a melt viscosity from about 28,795 poise {o about 48,077 poise at 1
radian/second shear rate at 8 temperature of about 220°C.
3. The film of claim 2, wherein the halogen-free, substantially chemically inert
polymer has a melf viscosity from about 28,795 poise {o about 31,828 poise at 1
radian/second shear rate at a temperature of about 220°C.
4. The film of any of claims 1 to 3, wherein the halogen-free, substantially
chemically inert polymer is aromatic polyester.
5, The film of claim 4, wherein the aromatic polyester is PETG.
8. The fim of claim §, wherein the PETG has a melt viscosity from about 28,785
poise 1o about 48,077 poise at 1 radian/second shear rate at 3 temperature of abowt

220°C.
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7. The film of claim 8, wherein the PETG has a melt viscosity from about 28,785
poise to about 31,826 poise at 1 radian/second sheay rate at a temperature of about
220°C.

8. The film of any of claims 1 1o 7, wherein the lie layer comprises g tie resin,
HDPE, and a nucleating agent.

Q. The film of ¢laim 8, wherein the HDPE is present in the tie layer from about
5% to about 25% by weight of the layer.

10.  The film of claim 8, wherein the HDOPE is present in the tie laver from about
18% to about 22% by weight of the layer.

11.  The film of any of claims 8 to 10, wherein the He resin is present in the tie
layer from about 70% to about 85% by weight of the layer.

12.  The film of any of claims 8 to 11, wherein the nucleating agent is present in
the tie fayer from about 0.2% to about 3.5% by weight of the {ayer.

13.  The film of any of claims 1 to 12, wherein the HDPE is present in the second
layer from about 60% to about 85% by weight of the layer,

14.  The film of any of claims 1 to 13, wherein the hydrocarbon resin is present in
the second layer from about 3% 1o about 16% by weight of the layer.

15, The film of any of claims 1 fo 14, wherein the nucleating agent is present in
the second layer from about 0.01% to abowt 3.0% by weight of the layer.

16.  The film of any of claims 1 {0 15, wherein the nucleating agent comprises zinc
glycerolate salts or calcium hexahydrophthalate,

17.  The film of claim 18, whersin the nucleating agent comprises calcium
hexahydrophthalate.

18.  The film of any of claims 1 fo 17, wherein the firstlayer and third layer are

each from about 8% to about 10% of the total weight of the film.
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19.  The film of any of claims 1 o 18, wherein the second layer is from about B8%
to about 74% of the total weight of the film.

20, The film of any of claims 1 to 18, wherein each the tie layer is from abotd 4%
ta about 6% of the tolal weight of the film.

21, The film of any of claims 1 to 20, wherein the tis layer between the first and
second layer and the tie layer between the second and third layer are of substantially
the same composition.

22, The film of any of claims 1 to 21, wherein the e laver between the first and
second fayer and the tie layer between the second and third layer are of substantially
different composition.

23, The film of any of claims 1 to 22, wherein the first and third layers are of
substantially the same composition.

24, The film of any of claims 1 1o 23, wherein the first and third layers are of
substantially different composition.

25.  Athermoformed blister package formed from a muitilayer film as ¢laimed in
any of claims 1 to 24.

26.  The blister package of claim 25, wherein the package comprises a plurality of
domed receptacie portions.

27.  The blister package of claim 26, wherein the domed receptacias sach contain
a pharmacsutical {ablet, capsule or gel cap.

28. A cast co-exirusion process for making a mullitayer flim comprising:

8. forming a first layer comprising g halogen-free, substantially chemically
inert layer;
b, forming a second layer comprising HDPE, 3 nucleating agent, and g

hydrocarbon resin;
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C. forming a third fayer comprising a halogen-free, substantially
chemically inert layer;

d. forming a fie layer between the first and second layer and the second
and third laver wherein the fie layers comprise a tie resin, MDPE, and a nucleating
agent;

a. co-extryding the first, second, third and tie lavers into an extrudate; and

f. cooling the exirudate on a cooling roller, forming a five-laver mullilayer
film.

28, The process of claim 28, wherein the five-layer multilayer film has a film of

any of claims 1 to 24.

24
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